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Return Receiut_ Requested /?P
U. €. NUCLEAR REGULATORY COMMISSION /
Uranium Recovery Licensing Branch / . ‘ :>‘§~
Washington, D. C. 20555 : \

Attn: Mr. R. A. Scarano

RE: Docket No. 40-8602
Source Material License SUA-1356
Amendment No. 2
License Condition No. 44-A&B

Gentlemen:

Enclosed herein are the responses to the Source Material License
SUA-1356 Amendment No. 2, License Condition No. 44-A&B. The following
information is herewith enclosed:

Water Quality Program

Air Quality Pregram

Vegetation Sampling

Soil Sampling

Laboratory Quality Assurance Program -

Camp Dresser & McKee Inc.

Laboratory Quality Assurance Program -

UNC Mining and Milling Services, Inc.
Appendizes

UNC Map No. 2038, entitled "U.S. NRC SUA -1356
Condition 44-B Restricted Area Boundary Map of
Morton Ranch Project,” dated June 1, 198]

1.
2.
3.
4.
5.
6.
[ £
8.

Please advise if further information is desired.

Very truly yours,

je ct Marfager
"orton Ranch

CEW:meo
Enclosure (8)
e . W. Woods

. Chater

. Uhrich

. Morley

. Mullin

Central File
Document Management Branch CERTIFIED MAIL NO.

Director of Inspection and Enfc-cement, Region I

CERTIFIED MAIL NO. 374680
2607220273 810614 —_——— =

R ADOCK 04008402
PDR
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6.1.A.3.9 WATER SAMPLING PROCEDURE - NRC WELLS AND SURFACE WATER SITES

A. PREPARATION

1. Clean sample containers, caps, filtration apparatus, bailer,
and any necessary glassware with rad-cleaner (10% FL-70 Deter-
gent/90% de-ionized water).

2. Rinse all equipment after washing, with de-ionized water, three
rinses, then sample water.

. 3. Clean crlls for conductivity meter with appropriate brush and

de-ionized water.

4. If using a pH meter, rinse the electrode and thermometer with
de-fonized water. If oH is to be measured with a color

comparator, clean the optical tubes.
5. Check batteries in conductivity, pH, dissolved oxygen and tur-

bidity meters.

6. Make sure all sample containers have 1ids securely in place.
Pack all sampling equipment and make sure that all glassware
and fragile materials are protected from breakage. A1l equip-

ment should be packed to avoid dust contamination.

B. SURFACE WATER SITES

. 1. The field notebook should be prepared prior to sampling. Infor-

mation that should be included is sample code number, sample
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location, date, time, and flow rate if applicable. Space should
be made for temperature, pH, specific conductance, dissolved
oxygen, turbidity, filtering information, preservation information,
and shipping information.

2. Rinse sample container three times with water to be samplei.

This water should be poured out, away from actual sample point.
This should be done either on stream or pend bank, or down stream
of sample point.

3. Fil1l sample containers. This should be done against the natural
flow of the water. If possible, the sampiz should be taken at
least six inches below the surface of the Qater. Care should
be taken to avoid contact of sample container with the bottom
of stream bed.

4. Immediately fill and rinse small beaker with collected sample.
Place thermometer in beaker and record temperature. Use this
beaker for pH measurement. Record pH measurement immediately.

5. Take appropriate conductivity, turbidity, and dissolved oxygen
cells and rinse three times with collected sample. Obtai read-

Ping and record immediately.

6. Filter and preserve sample if needed, following designated .io-

cedures.
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7. Always take cxtreme care to avoid cross contamination of samples
(1.e. switching cuntainer 1ids, or reusing equipment without
cleaning it properly).

8. Always follow all applicable safety procedures.

9. ﬂ,rk sample containers with appropriate code number in at least
two places using a water-proof pen.

10. Make sure there is an airspace in the sample container and that

. the 1id is secure.
" 11. Rinse pH prcbe and thermometer and other probes with de-ionized

"ter‘
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PREPARING SAMPLES FOR SHIPPING

1. Check all sample containers for proper information and legibility.
Tighten all caps securely.
Fill out snipping orders; use one set for each different sample.
Place yellow copy inside the shipping box with the sample.
Insert green copy into "Packing List Enclosed" envelope and
attach envelope to outside of box.
Seal shipping box and attach mailing label to top of box.
The white copy of the shipping order is filed in the active
analysis file.

Submit pink copy to the Purchasing Department.

MONITORING PARAMETERS

Monitoring parameters for water samples are presented in Tables

1 and 2.

SEDIMENT SAMPLES

Sediment samples are collected at surface water sampling sites
after spring run-off and late summer following a period of extended

low water flow.

Seciment samples are collected from up-stream and down-stream of

each site then composited for proper analysis.
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6.1.A.1.6 WATER SAMPLING PROCEDURES
A. PREPARATION

1. Sample Containers
a. MWash all sample containers, with caps on, with rad-cleaner
(10% FL-70 detergent/90% de-ionized water.)
b. Rinse all containers in three rinses of de-ionized water.
(1f the amount of de-ionized water available is insufficient,
the sample containers may be rinsed three times with the
sample water which will be collected prior to filling
the containers.)
¢. Cap all containers securely to avoid contamination.
2. Filter
a. Remove hand air pump from top of filter.
b. Thoroughly clean all parts of the filter with rad-cleaner
solution.
¢. Rinse three times with de-ionized water.
d. Re-assembie filter and keep securely closed until ready to
use.
.“3. Meters
a. Check batteries in pH and conductivity meters.

b. Check piezometer to be sure it is operating properly.
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SAMPLE COLLECTION
1. Take piezometer reading to 100ths foot accuracy. Record data

in the field notebook.

Use bailer or pump to collect the water from the well. The
first bailer full, or the first few pump cvcles, should be
used to rinse the collection vessel. (Be sure to dump any
waste water at least five feet away from well casina to ore-
vent contamination.)

Collec’ enough water to fill all sample coitainers (about

4 gallons). Five gallon Cerry Jugs, cleaned at the same time
as the sample containers, may be used to collect the required
amount.

Set up and calibrate dissolved oxygen meter. Take D-0 read-
ing and record in field notebook. If several samples are

to be tested, calibration need bte done onlv once and the meter
may be left on between readings.

Make pH and conductivity measurements on the collected water.
Calibrate pH meter with buffered standards closest to the
expected pH of the sample.

Fi1l a small previously cleaned beaker with sample water and
take temperature. Adjust pH meter for the sample temperature
then take pH reading. Record both temperature and pH in the

field notetook, as well as the time these readings were taken.
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Rinse pH meter probe and thermometer with de-ionized water after
each reading is taken.

Rinse cell of conductivity meter (Lab line Lectro MHO-Meter, or
equivalent) three times with sampler water. Discard rinse water
then fill cell and take conductivity reading. Readings should be
taken when sample temperature is between 20°C and 25°C. Record
this readisg in the field notehook.

. C. SAMPLE PREPARATION AND PRESERVATION

1.

Fill two (2) gallon containers with unfiltered sample water. Label
with sample designation number; example: MW-14-1, the date the
sample was pulled, and the words "Unfiltered and Unpreserved."
Refrigerate until shipped.

Fi'ter one (1) pint of sample water into a pint container. Preserve
with 2 =) Sylfuric Acid (H2$04). Label the sample container with
the sample location, month, S(HZSO4) and date sample was taken:
example: MW-14-1-S.

Filter three (3) gallons of sampie into separate gallon containers.
Preserve each with 15 - 20 ml Nitric Acid (HNO3). Label with sample

location, montn, N(HN03) and date sample was taken.
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Two gallons will be submitted for analysis; the other gallon

is retained for six months.

D. NOTES
1. Use of pre-filter may be necessary prior to use of the 0.45
micron final filter in particularly cloudy samples.

2. If several sampoles are to be handled at the same time, care must

be taken to prevent cross contamination between samples.

a. Never switch caps on containers.

b. Wash and rinse the filter thoroughly between samples.

c. Always complete work on one sample before starting a different
sample.

d. Always have samples . arly labeled.

e. If more than one preservative is used, make sure thai the
graduated cylinder used for measuring and dispensing of acids
is cleaned jetween each type of preservative.

3. Samples which require filtration may not sit in excess of six h.»s
prior to filtration.
4. Be sure all necessary information for each sample has been recorded

in the field notebook. This includes sample designation number,
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time, date, pH, conductivity, dissolved oxygen, location, anq_
static water level. Any other pertinent info mation regarding
a sample should be recorded at this time.

Sample designation number is standardized in tne following manner:

Location Month Preservation
MW-14 1 ‘ NorsS

In this case the information reflects that this sample was pulled
from Monitor Well-14 in January and preserved with Nitric Acid
(HNO3) or Sulfuric Acid (sto4).

Preservation of samples for radiological analysis are tabulated
and presented in Table 1.

A 1ist of chemical analyses required on all water samples is

presented in Table 2.
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OF SAMPLTS FOR RADIOLOGICAL ANALYS!S

April 1, 1981

New

Vol
Req. Holding
Measurement Filter (ml) Container Preservation Time
Gross Alpha Not Filtered 500 P,G HNO 4 depends upon
half-life of
the radio-
nuclide
Dis. Unat Filtered 1000 PG HNO 4 6 Months
Dis. Ra-226  Filtered 1000 P,G HNO 4 6 Months
Dis. Th-230  Filtered 500 P,G HNC 6 Months
Dis. Pb-210  Filtered 1000 P,G HNO 4 6 Months
Diz. Po-210 Filtered 250 P,G HNO 4 10 Days
Sus. Unat Not Filtered 1000 P,G - 6 Months
Sus. Ka-226  Not Filtered 1000  P,G 6 Honths
Sus. Pb-210  Filtered 1000 P,G HRO 4 6 Months
Sus. Po-élO Filtered 250 P,G HNO 4 10 Days
‘Mot Filtered 1000  P,6 6 Months

Sus. Th-230.
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TABLE 2

CHEMICAL ANALYSIS

REQUI

AMPLES

2 Gallon Sample - Filtered and Preserved with Nitric Acid.

Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead

. Magnes fum

2 Gallon Sample - Not Filtered.

Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Vanadium
Zinc

No Preservation.

Bicarbonate
Carbonate
Boron
Chloride

Fluoride
Suifate

“TDS

TSS

1 Pint Sample - Filtered and Preserved with Sulfuric Acid.

Ammonia (as N)
Nitrate (as N)

1 Gallon Sample - Not Filtered. Preserved with Nitric Acid.

Gross Alpha Activity

If Gross Alpha Activity Exceeds 3 pCi/l

Analyze for Ra-228

Field Measurements

' Turbidity

Conductivity

pH
Dissolved Oxygen
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TABLE 2 (CONTINUED)

RECON MENDATION FOR SAMPLING AND PRESERVATION
OF SAMPLES ACCORDING TO MEASUREMENT"

Vol.
Req. Holding
> Measurement (ml)  Container™  Preservative Time™
Ioo. Physical Properties
Color 50 PG Cocl, 4°C 24 Hrs,
. Condudtance 100 | - Cool, 4'C 24 Hrs"™
Hardness 100 PG Cool, 4°C < 6 Mos. ™
HNO, to pH <2
Odor 200 G only Cool, 4'C 24 Hrs.
pH 25 PG Det. on site 6 Hrs.
Residue
Filterable 100 PG Cool, 4°C 7 Days
. Noa-

Filterable 100 P.G Cool, 4'C 7 Days
Total 100 PO Cool, 4C 7 Days
Volatile 100 P.G Cool, 4°C 7 Days
Settleable Matter 1000 PG None Req. 24 Hrs.
Temperature 1000 P.G Det. oa site No Holding

Turbidity 100 PG Cool, 4°C 7 Days

200 Metss
Dissolved 200 P.G Filter on site 6 Mos.™
HNO, 10 pH <2

Suspended 200 Filter on site 6 Mos.

. Total 100 PG HNO, 10 pH<2 6 Mos.™
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TABLE 2 (CONTINUED)

Vol.
Regq. Holding
Measurement (m)) Container'™ Preservative Time”
. Mercury

Dissolved 100 PG Filter on site 38 Days
HNO, to pH <2 (Glass)
13 Days
(Hard
' Plastic)
Total 100 PG HNO, to pHl <2 38 Days
(Glass)
13 Days
(Hard

. ' Plastic)

300 Inorganics, INon-Metallics

Acidity 10 °~ PG None Req 24 Hrs.
Alkalinity 0 PG Cool, 4C 24 His
Bromide 100 PG Cool, 4°C 24 irs.
Chloride 50 PG None Req. 7 Days
Chlorine 200 PG Det. on site No Holdi
Cyanides 500 P.G Cool, 4'C 24 Hrs.
NaOH 1o pHl 12

Fluoride 300 P.G None Req. 7 Days
lodide 100 PG Cool, 4'C 24 Hus. iy
Nitrogen

Ammonia 400 PG Cool 4°C 24 Hrs.

H;80, 1o pH <2

Kjeldahl, Total 00 PG Cool, 4°C 24 Hrs®
H,80, to phl <2

Nitrate plus Nutrite 100 P.G Cool, 4°C 24 Hre ™
H,;S0, 1o pH <2

. Nitrate 100 P.G Cool, 4°C 24 Hrs.
Nitrite 50 PG Cool, 4°C 48 Hrs.

xvii




Measurement

Dissolved Oxygeu
Pro*e
Winkler
FPhosphorus
Ortho-
phale.
ved

Hydrolyzable
Total
Total,

Dissolved

Sulfate
Sulfide

Sulfite

40 Organics
BOD

Oil & Grease

Organic carbon

MB*S

Vol.
Req.
(m)

300
300

g 8 8 2

&

1000

25

250

Section Name

Environmental /Radiation

TABLE 2 (CONTINUED)

0

-~

Container”™  Preservative
G only Det. on site
G only Fix on site
PG Filter on site
Cool, 4°C
P.G Cool, 4°C
H,80, to pH<2
PG Cool, 4°'C
H,;S0, to pH<2
PG Filter on site
Cool, 4°C
H,;S0, to pH<2
P only Cool, 4°C
P,G Cool, 4°C
PG 2 ml zinc
acetate
P.G Det. on site
P.G Cool, 4°C
PG H,;S0, to pH<2
G only Cool, 4°C
H,S80, or HCl to pH <2
PG Cool, «'C
H;S0, or HCI to pH <2
G only Cool, 4'C
H;PO, to pH <4
1.0 g CuSO/1
PG Cool, 4'C

Xviii
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Holding

Time

(£}

N¢. Holding

4 -8 Hours

24 Hrs.

24 Hrs.

24 Hrs.

24 Hrs."

7 Days

7 Days
24 Hrs.

No dolding

24 Hrs.
7 D.ystl:

24 Hrs.
24 Hrs.

24 Hrs.

24 Hrs.
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PREPARING SAMPLES FOR SHIPPING

1. Check all sample containers for proper information and legibility.
Tighten all caps securely.
Fill out shipping orders; use one set for each different sample.

Place yellow copy inside the shipping box with the sampie.

o RS w ~N
. . . .

Insert green copy into "Packing List Enclosed" envelope and

attach envelope to outside of box.

6. Seal shipping box and attach mailing 1abel to top of box.

7. The white copy of the shipping order is filed in the active
analysis file.

8. Submit the pink copy to the Purchasing Department.
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6.1.A.1.7 OPERATION INSTRUCTICNS: PIEZO: TER

A.

PREPARATION

1. Before going into the field, test piezometer batteries. Open
housing 1id to allow meter to function. Dip electrode in

water; if meter needle registers, batteries are operational.

OPERATION

1. Lower cable intc .ell. When electrode reaches water lever,
meter will register a steady, positive reading.

2. Using a 10 footengineer's tape marked in 100ths foot, measure
the necessary distance from the nearest brass marker to deter-
mine the exact depth to water.

3. Record the well designation number, date, time, and static water

level in tie field notebook.
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6.1.A.1.8 PNEUMATIC WELL PUMP SYSTEM OPERATING INSTRUCTIONS

A.

1.

PREPARATION

Check air compressor, pump, hose, regulator, and pneumatic pump
for damage or defect. Appendix 1.8.0 presents detailed instruc-

tions for setup and use of pumn.

2. Clean pump interior and exterior thoroughly with rad-cleaner.
Rinse with de-ionized water.

1. Set delivery pressure at approximately 100 psi.

2. Lower pump head into well until completely immersed.

3. Secure hose to prevent slippage.

4, Connect air hose tc regulator, then attach regulator to air
compressor supply line.

5. Pump is ready to operate. Adjustment instructions are presented
in Appendix 1.8.0.

6. Run pump to purge, un*il no less than one callon has been
pumped. Discard water at least five feet from well casing.

7. Collecc the required volume of water sample.

8. Once sampling has been completed, disconnect air compressor

supply line from regulator, tren disccnnect regulator from air

hose.




Section Name Environmental/Radiation

Policy/Procedure 6.1.A.1.8

|

|

|

|

\

@ Page 2 of 2
April 1, 1981

Date Issued

Supersedes

APPROVE) 5 ) %/
Fd i

9. Retrieve air hose and pump head from well.

10. Drain and clean pump head and air hose with deionized water.
11. Repeat preparation and operation steps for each well if more

than one well is sampled.
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6.1.A.1.9 BAILER USE INSTRUCTIONS

A. PREPARATION
1. Thoroughly clean bailer bucket with rad-cleaner solution.
2. Rinse bucket three times with de-ionized water.
3. Replace bailer in carrying case to avoid contamination during

transport.

' B. USE OF BAILER
1. Uncap well.
2. Lower bailer bucket by attached cord until bucket reaches water
and fills.
3. Raise bailer and dump first bucket of water well away from cacing.
4. Refill bailer and use water to rinse sample containers; dump
water well av.iy from casing.

5. Refill bailer and start filling sample containers.
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6.1.A.1.10 DISSOLVED OXYGEN METER OPERATING INSTRUCTIONS

A.

PREPARATION

Check probe sensor. Replace membrane and KC1 solution if necessary
using the following staps:
1. Prepare the KC1 solution.
2. Remove "0" ring and old membrane. Thoroughly rinse the sensor
with KI solution (electrolyte).
Fill sensor body with electrolyte while gently pumping the diaphram
with a blunt object (eraser end of pencil) to remove any air
bubbles.
Replace the membrane and "0" ring (check for wrinkles in membrane

or trapped air bubbles).

OPERATING PROCEDURES

1. With swite in the "off" position, adjust the meter pointer to
Zero with the screw in the center of the meter panel. Readjustment
may be necessary if the instrument position is changed.
Switch to RED LINE and adjust RED LINE knob until the meter needle
aligns with the red mark at the 31° position.

Switch to ZERO and adjust to zero with zero control knob.
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4, Attach the prepared probe to the PROBE connector of the instrument

and adjust the retaining ring finger tight.
5. Before calibrating allow '5 minutes for optimum probe stabilization.
Repolarize whenever the instrument has been off or the probe has

been disconnected.

CALIBRATION

1. Instrument should be placed in the intended operating position
(vertical, tilted or on its back) before it is calibrated.

2. Draw a volume of water from a common source and carefully divide

into four samples. Determine the oxygen in three samples using

the Winkler Titration technique and average the three values. If
one of the values differs from the other two by more than 0.5 ppn,
discard that value and average the remaining two.

3. Place the probe in the fourth sample and stir.

4. Set theSalinity control to zero or the appropriate salinity value
of the sample.

5. Switch the desired ppm range and adjust the calibration contrn?
to the average value determined in Step 2. Allow the probe to
remain in the sample for at least two minutes before setting the
calibration value, and leave in the sam, .e for an additional two

minutes to verify stability. Readjust if necessary.
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D. MEASUREMENT
1. Place probe and stirrer in the sample and switch stirrer
control to "ON."
2. Adjust salinity control knob for the correct salinity.
3. When meter has stabilized, switch to the appropriate range
and read D.O.
4, Leave instrument on betweén readings to avoid the necessity

of repolarizing the probe.
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6.1.A.1.11 OPERATING INSTRUCTIONS: CONDUCTIVITY METER

A. OPERATING PROCEDYRE

1.

Detach the measuring cell from the instrument. Clean it thor-
oughly with a bottle brush and rinse with distilled water.

Use a liquid detergent soluvtion initially, and occassionally
thereafter, to remove grease and tenacious deposits. Rinse the
cell with a small quantity of the solution to be sampled before
filling for measurement.

Turn the switch to the anticipated range of measurement.

Hold the "On" button down and slowly rotate the measuring dial
pointer until the balance indicator is ceﬁtral.

krad tae measuring dial and multiply by the range factor.

The result is the specific conductivity of the sample.

when a number of samples are compared for accuracy, measurements
should be be made at the same temperature. Place the thermometer
in the cell and measure the conductivitiy when the sample temper-

ature falls to the required degree, generally 20°C or 25°¢.
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B. CALIBRATION

To check the calibration, turn the range selector to "test."
Depress the "on" button and note that balace occurs when the
measuring pointer is at midscale, marked thus Y. An indecisive
balance, or partial deflection of the indicator when the cell
is empty, shows that the battery should be replaced. To re-
pl2~e the "Ever Ready" type PP4 battery remove the undercover
of the instrument by withdrawing six screws. Disconnect the

battery wires and slide the battery from beneath its retainer.
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6.1.A.2.0 AIK QUALITY PROGRAM (DEQ-AQD & U.S. NRC)

A.

REGULATIONS

The statutory requirements of the Air Quality Division may be
found in the Wyoming Enviornmental Quality Act, as amended in
1975, and in the 1978 Wyoming Air Quality Standards an Regu-
lations. Futhermore, additional requirements are dictated by
the Morton Ranch Source Material License SUA-1356 iscued b the

U. S. Nuclear Regulatory Commission.

INSPECTIONS
Inspections will be conducted by the NRC Enforcement Division
and the DEQ-AQD representative.

REPORTING

Quarterly Air Quality Reports must be submitted to the DEQ-AOD

no later than the end of the second month following the reporting
quarter. The reporting quarters end on the last day of March,
June, September, and December of each calendar year. Semi-annual

reports must be submitted to the NRC in -January and July of each

year.

PERMITS
UNC Mining and Milling Services, Irc., turrently operates under

the Amended Air Quality Permi. CT-238 covering mill operation



Section Name Environmental/Radiation

Policy/Pr. zedure 6.1.A.2.0

Page 2 of 2

Date Issued April 1, 1981

Supersedes

APPROVED ¥4 ,/4{ 2477
e Sy ¢ §

and expanded mining operations, stripping, 2tc. This permit must
be up-dated only if construction and/or operations will exceed
those limitations which have already been approved. Also, UNC
Mining and Milling Services, Inc., holds Source Material License
SUA-1356 issued by the U. S. Nuclear Regulatory Commission.

MONITORING REQUIREMENTS

The parameters which shall be monitored to satisfy the air quality

monitoring requirements include supsended particulates, meteorological

. parameters, and radiological ccncentrations. Data collection is

accomplished by tne operation of Hi-Volume air sampiers, Low-Volume

air samplers, and the Morton Ranch Meteorological Station. Fugitive
dust emissions shall be monitored whenever stripping and/or mining
activities are in progress. Additional monitoring programs are outlined
in the Morton Ranch Source Material License Application as presented

in Appendix 1.G.0.
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6.1.A.2.1 REPORTING PROCEDURES
A. GENERAL

Air Quality Reports must contain the particulate data collected
from the samplers ASVX1 through ASVX4 and the hourly meteorological
data for the three months of each quarter. Particulate data must
be recorded in micrograms per cubic meter of air on the state
AQDHS report forms. Data must be rounded %o the nearest whole num-
ber and recorded in the first column marked "reading" opposite
the correct date. The starting time must be recorded in military

time; example, a star: at midnight is recorded as 0-0-0-0.

Meteorological data may be reported in the form of the Morton Ranch
Weather Station meteorological d;fa printout as approved by the
DEQ-AQD. The only other acceptablc means of reporting this data
is on the AQDHS report forms. The coding requirements are presented

in Table I.

A1l air qualit- data is reported to the Nuclear Regulatory Commission
semi-annually. These data include meteorological data, particulate
data and radiological data collected during the first twn quarters,
reported in July; and the last two quarters, reported in January of

each year.
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TABLE 1
CODING - Code the Air Quality AQDH. forms As follows:

ITEM CODE
State 52
Area 0189
Site ASVXI 810
Site ASVX2 811
Site ASVX3 813
Site ASVX4 812
Weather Station 805
Project
Time 8
Year and Month (7-9-0-9) for September, 1979, etc.)
Parameter Codes
Wind Speed 61101
Wind Direction 61102
Particulates 11101
Method 40 (Visual average)
Units mph 12
Units degrees 14
DP (decimal point) 0 (No tenths)
Status S

Action 2
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6.1.A.2.2 PROCEDURES FOR INSPECTIONS
A. GENERAL

The Manager of Environmental/Radiation Department or an assigned
representative shall accompany any DEQ-AQD or NRC inspectors when-
ever an inspection of the Morton Ranch is in progress. Any samples
collected during the inspection tour shall be duplicated by the
department representative. Notes should be kept of all comments

and answers made during the inspection for fut.re reference.

- Once the inspection has been completed and prior to departure from
the property, the inspectors shall meet with the Project Manager

or Acting Project Manager to discuss their findings.
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6.1.A.2.3 RADON MONITORING UTILIZING PASSIVE MONITORS

A.

OPERATING PROCEDURES

Passive Radon Monitor operating procedures are presented in detail

in Appendix 2.3.0.

CALIBRATTON
The system is calibrated by exposing the dosimeter to a known amount

of radiation.
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6.1.A.2.4 RADON MONITORING UTILIZING TEDLAR BAG METHOD

A.

STARTING PROCEDURE

1. Label bag with location, starting date and time. Use military
time.

2. Remove white 1id from sampler.

3. onnect small filter holder which holds 5.0 micron membrane
filters. This filter holder shouid be connected with the side
marked inlet toward the air intaxe. Replace white lid.

4., Remove the top of sampler.

5. Turn switch to "On" position.

6. Check timing on pulses. The sampler should pulse every 10 sec-
onds. If the timing needs to be adjusted, this can be accom-
plished by turning the screw by the switch; turning clockwise
increases the pulse rate.

7. Attach the bag by connecting the plastic nipplc-. Make sure
the clasp is open on plastic tubing.

8. Secure the lids.

9. Be sure sampler is pulsing before leaving.
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STOPPING PROCEDURE

(=] w S w ~n
- - - -

Remove the top of sampler.

Turn radon sampler to "Off" position.
Close clasp on plastic tubing.

Remove radon bag.

Secure the 1id.

Record th¢ radon bag pick-up time and aate.

REPLACING BATTERIES AND FILTERS

~ o (%] b= w ~n et
B . . . -

Batteries need to be replaced quarterly.

To replace batteries, remove 1id on sampler.

Take vut battery pack containing four 12-volt batteries.
Replace batteries and place back in sampler.

Check to see that the sampler cord is connected and working.
Check to see that the sampler is pulsing.

Change 5.0 membrane filter in samplers monthly.
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6.1.A.2.5 GAMMA DOSE SURVEY
A. PROCEDURE

The Gamma Dose Survey is conducted quarterly at all air sampler sites
ASVX1 through ASVX6. The Ludlum Model 19 Micro R Meter or equiva-
lent is utilized to take eight readings, two facing each compass
poinf, at each sample site. These readings are taken at one-minute

intervals at an elevation of one meter above the ground surface.

Readings taken on site, including gamma dose rate, ambient air tem-
perature, barometric pressure and wind speed are recorded on the

Field Gamma Dose Survey form, presented in Figure 2.

B. INSTRUMENT OPERATION

1. Ludlum Scintillometer (Primary Instrument)

a. Operating instruction for the Ludlum 19 Micro R Meter are
presented in “Instruction Manual - Model 13 Micro R Meter,"”
Appendix 2.5.0.

2. SC-132 Scirtillometer (Alternate Instrument)

3. Preparation

1. Check batteries prior to use.
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Operating Procedure

1. Turn "Function" switch to battery position. Meter should
read in green. Failure to read in green (below 0.6)
indicates insufficient battery strength.
If necessary, replace batteries.
Set "Function" switch to 1 sec. or 4 sec.
Adjust Meter Scale Multiplier control so the meter de-
flection for the background will be on the upper half
of the meter scale.

5. Take readings and record.

Additonal Information

1. Due to energy dependent characteristics of the SC-132
Scintillometer survey meter, it is necessary to estab-
1ish a cross calibration curve to allow correction of
readings -v the actual gamma dose readings as illustrated in
Table 2, and Figure 1.
Gamma Source with an activity of 1.7276 + 0.0864uCi
was applied in cross calibration of the SC-132 Scintii-

lometer vs. the Pressurized lonization Chamber (PCI).
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2. Pressurized lonization Chamber (Primary  Instrument)

Preparation

1.
2.

Check batteries.

Prior to use, place sensor head upright and di-
rectly above the designated sample point. The sen-
sor head must be stable and balanced before con-

nection of cable to contr.1 and readout housing.

Operating Procedure

1.
2.

Turn "Mode" switch to battery position.

Turn "Electometer" switch to "Zero" and wait
60 seconds to allow transient charging currént
to die out before proceeding.

Turn "Electrometer" switch to "Read." After

a 10-second delay, the signal will appear on
the chart recorder.

To display signal, turn "Display/Recorder”
switch to "On" position. Depress "Push-to-read"
switch. Signal will appear on display for ap-
proximately 30 seconds.

Continue to record background gamma dose rate

for at least 4 minutes.
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¢c. Stopping Procedure
1. Turn "Display/Recorder" switch to "Off" position.
2. Turn "Electrometer” switch to "Off" position.
3. Turn "Moda" switch to off position.
d. Additional Information
1. PIC should be calibrated annually by the Manu-

facturer,

C. CALIBRATION
A1l instruments should be calibrated semi-annually by the

manufacturer.
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TABLE 2 - CROSS CALIBRATION OF 5C-132 vs. PIC WITH CS-127 STANDARD GAMMA SOURCE

SOUR_Z DISTANCE SC-132 SC-132 PIC

DATE (F1.) LPs__ uR/hr uR/hr
01.10-79 10 105 + 3.52 13.34 + 0.46 17 + 1.46
01-10-79 9 115 + 3.79 14.61 + 0.48 18 + 1.50
01-10-79 8 125 + 3.95 15.88 + 0.50 20 + 1.58
01-10-79 7 140 + 4.18 17.78 + 0.53 22 + 1.66
01-10-79 6 160 + 4.47 20.32 + 0.57 25 + 1.77
01-10-79 5 190 + 4.87 24.13 + 0.62 28 + 1.87
@ o071 4 260 + 5.70 33.02 + 0.72 35 + 2.09
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FIGUFE 1 - CROSS-CALIBRATION CURVE
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FIELD GAMMA DOSE SURVEY  FIGURE 2

Instruments

Date & Time

Location

Weather
Condition

Truc Dose-
Rate yR/hr

Dose Rate
wR/hr

Pressurized
lonization
Chamber
(PIC)

Portable
Scintillometer|
L-19

Portable
Scintilloneter]
SC-132

TECHNICAN:

Fressurized

Jonization
Chamber
(pic)

Portable
Scintillometer
L-19

Portable
Scintillometer
SC-132




UNCc MINING AND MILLING SERV:CES, INC.

Section Name Environmental /Radiation

Policy/Procedure 6.1.A.2.7
Page 1 of 2

Date Issued April 1, 1981
Supersedes » _New 1
APPROVED C Gupe A

i V4

6.1.A.2.7 MONITORING PROCEDURES

AO

GENERAL

The Air Quality Permit CT-238 requires Hi-Volume air particulate
sampling on a six-day schedule, as shown in Table 1 for 1981, on

a state wide basis. The particulate data collected from the Hi-
Volume samplers, as well as the meteorological data collected from
the Morton Ranch Meteorological Station, are reported to the DEQ-AQD
quarterly. The Nuclear Regulatory Commission requires semi-annual
reporting of the Hi-Volume air particulate data, Low-Volume air

sampler operational data air filter andlysis data, meteorological

data, and Radon 222 data.

Fugitive dust emissions must be monitored visually whenever strip-
ping and/or mining activities are in progress. If high visible dust
emissio: 1ire evident, corrective actions must be undertaken in ac-

cordance with the established Morton Ranch Dust Abatement Program.
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2nd Quarter

3rd Quarter

4th Quarter

January

4 Su
10 Sa
16 F

28 W

February

3T
9 M
15 Su
21 Sa
27 F

November

6 F
12 Th
18 W
24 T
30 M

\) //T

March

5 Th
11 W
72
23 M
29 Su

June

3w

9 T

15 M
21 Su
27 Sa

September

1 2
7 M
13 Su
19 Sa
25 F

December

6 Su
12 Sa
18 F
24 Th
30 W
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6.1.A.2.8 TOTAL SUSPFNDED PARTICULATE (TSP) MONITORING

A. HI-VOLUME AIR SAMPLER OPERATION

1. Filter Preparation
a. Drying Filters
1. Place appropriate number of 8" X 10" air filters on
shelves in vacuum desiccator; close door.
2. Fasten door latches to secure door.

Check 011 Tevel gauge on side of vacuum pump for proper

)

0il level. Add oil if required.
4. Insert copper tubing through rubber stopper in flask

prior to starting pump.

Allow vacuum pump to operate 10 to 15 seconds, close

w
.

valve on right. then turn off pump.

6. Unlatch door and check seal.

7. Repeat steps o and 6 if necessary to obtain proper
seal.

8. If door has sealed properly, tfghtly close valve located
on right hand side of desiccaror.

9. Tura off v. -uum pump.

10. Record time.

‘ 11. Remove filters from desiccator after 24 hours drying time.

12. Weigh filters immediately after removal from desiccator.
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1. Prior to use of bala~ce, check all zero points.

Weighing Filters

Zero poiits include twe front weight dials and the
micrometer weight dial on the right hand side of
the balance.

2. Fully release balance beam and adjust the zero point
by turning the zero point adjustment knob until read-
ing mark coincides with zero lir=s of the optical -
scale. Arrest balance.

3. Complete steps 1 and 2 prior to removing filters from
desiccator.

4. Place filter on balance pan in such a way as to avoid
contact with body o balance.

5. Rotate release lev. counter-clockwise to “Pre-Weighing"
position. The coarse weight, to the nearest gram,
will appear on the optical scale.

6. Set weight dials at coarse weight reading, below in-
dex mark.

7. Rotate release lever counter-clockwise to fully
release balance beam.

8. Once optical scale has stabilized, rotate micromcter
dial until reading mark coincides with one 1ine on
the optical scale.

9. Record the tare (dry) weight on plastic bag.
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Arrest balance.
Remove filter from balance pan and transfer to

labeled plastic bag.

c. Set-Up

1.

s.

l.
2.

Place filter, rough cide up, on bottom half of fil-
ter frame. Put top half of frame over filter and
hand tighten the round brass nuts.

Cover fiiter and frame with protective cover.

Record filter tare weight, sampling date and sampler
name in field log book and on plastic bag.

On the back of a recorder chart record tare weight,
sampling date and sampler name. p

Rereat steps 1 through 4 for each filter used.

Filter Pick-up and Replacement

Lift - .- saver cover from filter frame in sampler.
Loosen the four corner wing nuts which secure the
filter frame and remove frame. Immediately place
protective cover over filter and filter frame.

Place fresh filter and filter frame in sampler and
secure the frame with the wing nuts

Remove protective cover from fresh filter and Tower
sample saver to cover :lter. Align filter frame

with sample saver cover.
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5. Open recorder door, 1ift pen from chart and remove
chart,

6. Place new, properiy numbered cnart in recorder being
carcful to secure the edges of the chart under the
retainer tabs.

7. Rotate chart, using a screwdriver in the slotted cen-
tral pin, until the correct time is indicated by the
pointer at the right.

8. Lower the pen until it contacts the chart and adjust

' the zero, using "zero adjust," if necessary.

9, Set timer dial at the correct time and day (e. g.:
if it is 9:00 AM on Thursday and the sampler is re-
quired to start at 12:00 PM Saturday, the timer
must be set to allow “he "ON" trip tab to travel for
39 hours prior to contacting the "On" switch)

NOTE: Timer dial may only be rotated clockwise.

10. Close and latch all doors. Secure sampler 1id with
pin through hasp.

11. Return to vehicle with used filter and recorder chart.

12. Carefully remove filter from frame and fold, dirty
sides together, in quarters.

. 13. Place filter and chart in properly identified plastic

bag.
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14. Record date, military time, sampler run time (as

recorded by the digital recorder) and any comments
in the field log book.
e. Handling of Used Filters
1. Place filter, with corresponding recorder chart on
top, in vacuum desiccator following steps a.l through
a.12 above.
2. Weigh filters, after desi-:ation, following steps
b.1 through b.11 above. Tare wei.~. for second
. weighing will include weight of particulates
collected.
f. Preparing Filters for Analyses
1. At the end of each quarter, separate the filters for
each sampler by month. Place all filters for each
month in a plastic bag labeled with the sampler
designation number, the month ‘uring which sampling
occurred, the total volume of air sampled (m3). and
the total corrected weight for the month.
2. Place all scmples for each sampler in a manila enve-
lope labeled with the air sampler designation number

and the months du~ing which the samples were collected.

. 3. Submit for analysis.
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HI-VOLUME AIR SAMPLER CALIBRATION

1'

Quarterly In-House Calibration

Place clean filter in air sampler and allow to run for
approximately 30 minutes for warm up prior to calibration.
Stop motor and remove filter

Place calibration ~over over filter holder and secure.
Place #18 calibration plate, seal side down, over open-
ing in calibration cover and attach calibration orifice.
Place chart in recorder, lower pen to paper and zero pen.
Attach manometer to side of air sampler housing. Adjust
measure in center to read zero at fluid level winiscus.
Start air sampler and allow to run a ?ew seconds before
attaching manometer tube to brass niople on orifice.
(Attaching too quickly may cause some manometer fluid

to be sucked into orifice.)

Allow sampler to run for five (5) minutes; then, just
before shut-off, turn recorder chart enough to allow a
distinct ascending line and a distinct descending line.
Take manometer reading &nd chart reading and record.

Stop air sampler. Rotate chart to allow space between
readings.

Replace #18 plate with #13 plate. Repeat steps 1.d through
1.3,
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1. Replace #13 plate with #10 plate. Repeat steps 1.d thrcough

1.3,

m. Replace #10 plate with #7 plate. Repeat steps 1.d through

1.J.

n. Replace ¢’ plate with #5 plate. Repeat steps 1.d througn

1.4.

o. Run calipration with plates #18 and #13, respectively,

a secovd time after completion of the first run.

NOTE: Temperature and Larometric pressure for calculations
shall be obtained from the Morton Ranch Metero-
logical station.

2. Orifice Calibration
a. Each Hi-Volume calibration orifice and manometer shall be

sent 'to the EPA for proper calibration once a year.

LOW-VOLUME AIR SAMPLER OPERATION

Each Low-Volume sampler site has two samplers which operate con-
tinuously in series. Low-Volume sampler sites shall be visited
at least once a week at which time the filters in both samplers

are replaced.
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Filter Replacement

Each Low-Volume sample regquires replacement of the 102 mm

diameter circular filter once per week. Two fresh filters

are required at each sample site.

a. Place clean filter in plastic bag which is labeled with
air sampler designation number.

b. Upon arrival at site, throw circuit breaker on power pole
to "OFF" position.

¢. Loosen wing nuts on filter frame and remove top portion
of frame.

d. Remove filter, fold in quarters, dirty sides together,
and‘place in plastic bag which was stored in the sampler
housing, weighted down by the filter frame.

e. Place fresh filter, rough side up, in frame. Replace top
portion of frame and secure wing nuts.

f. Record start time (military time), date and digital recorder
reading on plastic bag. Secure under filter frame.

g. Record start time, date, sampler designation number and

' digital recorder reading in log book.

h. Repeat steps ¢ through g for the second sampler at the site.
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i. Before leaviny sampler site, throw circuit breaker on
power pole to "ON" position. There will be a short time
lag before the sampler starts.

2. Preparing Filt-rs for Analysis

a. At the end of each quarter, separate the filters for
each sampler by month. Place all filters for each
mont.; in a plastic bag labeled with the sam ler desig-
nation number, the month during which sampl‘ng occurred,
the total volume of air sampled (m3), and the total
corrected weight for the month.

b. Place all samples for each sampler in a manila enve-
lope labeled with the air sampler desfgnation number
and the months during which the samples were collected.

c. Submit for analysis.

D. LOW-VOLUME AIR SAMPLER CALIBRATION

1. Monthly In-House Calibration
a. Install new air sampler motor. ("New" means new or re-
paired.)
b. Place a clean filter in the sampler.
¢. Start sampler and allow to run for approximately 30

minutes, then stop.
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d. Install calibration orifice and attach manometer to air
sampler housing. Do not attach manometer tubing at this
time.

e. Adjust manometer rule ;o that zero point is in 1/ne with
fluid miniscus.

f. Start sampler and allow to run several seconds before
attaching menometer tube to brass nippie on side of
calibration orifice. Attach manometer tube after
initial start-up surge has passed.

g. Allow manometer liquid to stabilize before taking read-
ing.

h. Make 3 readings,one every 15 minutes. Record time and
reading in field log book afteir each reading.

NOTE: Temperature and barometric pressure for calcu-
lations shall be obtained from the Morton Ranch
Meteorological Station.

Annual Orifice Calibration

a. Each Low-Volume calibration orifice shall be returned

to the manufacturer for calibration once per year.
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REPLACING AND SEATING BRUSHES

. Remove the motor from its housing.

. Remove brackets and brushes.

Replace with new brackets and brushes.
Reassemble motor and housing.

Connect voltage variator to motor.

Set voltage dial on 45 volts for 30 minutes.

MRE s N

Turn up voltage dial tc 75-90 volts and reseat new brushes for
10 minutes.

8. GBrushes on Hi-Volume samplers require replacement semi-annually
or quarterly, depending on temperature and dust loading.

9. Brushes on Low-Volume samplers require replacement bi-weekly.

CALCULATION OF RESULTS

The parciculate data and calibration data should be computed in
accordance with the EPA and manufacturer's recommended procrdures

as presented in Appendix 2.8.0.
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€ 1.A.2.9 METEOROLOGICAL STATION *°ERATING INSTRUCTIONC

A. GENERAL
The Morton Ranch Meteorological Station consists of a 60-meter tower
composed of two instrument levels, one at 10 meters and the other
‘t approximateiy 60 meters; signal conditioners: proarammable data
acquisition system; keyboard/orinter; cassette tape recorder; and

strip chart recorders for each instrument level.

The daily summary print-out provides daily average, hourly average,
minimum and maximum values for each meteorological parameter. In
addition, the system i: fully capable of providing additional per-
tinent information such as frequency distribution and atmospheric
stability (Pasquill Stability Categories A-G) based on wind direc-
tion sigma (oe) at wind speed above 1.5 m/s, and delta temperature
(aT).

The technique and computation of atmospheric stability (Pasquill
Stability Categories A-G) is in accordance with U. S. Nuclear
Regulatory Commission Regulatory Guide 1.23, Onsite Meteorological

Programs presented in Appendix 2.9.0
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OPERATING PROCENURES

Detailed instructions are presented in Appendix 2.9.1.

CALIBRATION PROCEDURE

1. Semi-annual system calibration shall be conducted Ly Tech-
pical Environmental Enterprises, or an equivalert service.

2. Daily auto-calibration-result shall be reviewed for instrue
ment drift.

3. Signal conditioners shall be recalibrated quarterly, or more

frequently if instrument drift occurs.



UNc MINING AND MILLING SERVICES, INC.

Section Name Environmental /Radiation

Policy/Prucedure 6.1.A.2.6

Page 1 of 1

Date Issued April 1, 1981
Supersedes _ - New Z
APPROVED __( i/ 7,k [1;'/ 47/

6.1.A.2.6 VEGETATION SAMPLING

During the grazing period each year, vegetation samples are coliected
and analyzed for radiological parameters. These analytical results are

reported in the January submittal of the semi-annual report to NRC.

A. PROCEDURES

Vegetation samples are collected three times duriny the Morton Ranch

grazing period, usually in June, August, and October at each air

sampler sites ASVX1 through ASVX4 using the follow’ 1g procedu e:

1. Randomly place a one-foot-square plot within the area of tie
air sampler site.

2. Ciip all current above-ground vegetative . iwth enclosed within
the plot.

3. Place all clippings in a 12" X 18" plastic sample bag which has
been marked with the date, air sampler site designation number,
and "V" for vegetation.

4. Repeat plot placement and ciipping until a minimym of 1 kg of
vegetation has been collected.

5. @ .ord field data in field notebook.

6. Allow sample to dry 1 - 2 weeks prior to anaylsis.
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6.1.A.2.6.1 SOIL SAMPLING

Surface soil samples are collected at the same locations as used for

collecticn of air particulates (Sites ASVX1 - ASVX6).

Soil samples are taken using a plug sampler which is driven into the

ground to a depth of five (5) centimeters at each site ind then

composited for proper analysis.



ITRODUCTION

It is well understood that a quality assurance program, such as the one described
herein, is designed to minimize errors and to help produce reliable data. How-
ever, a worthwhile quality assurance program also has other definite benefits,

It provides for the substantiation of data to meet evidential requirements, since
a laboratory which produces reliable data that cannot be substantiated in court

is of minimal value. In addition, a quality assurance program also provides a
definite cost savings. It is less expensive to do a procedure correctly the first
time rather than to repeat it, By providing for written procedur.s, training of
new personnel is carried out most effectively in a minimum of time.

In order to meet these goals a laboratory must maintain certain standards:

1.

2
3.
4

5.

Adequatelv educated and trained personnel.
Properly calibrated and maintained equipment.
Tested, appropriate, written procedures.

Quality control to establish the precision and accuracy of
measurements,

Record keeping which meets evidential standards,

« The quality assurance procedures described in this manual are designed to meet
these requirements., The following sections provide detailed quality assurance
procedures (o be followed both in the field and in the labnratory.

It is the individual who is the key to a successful quality assurance program. It
is thus essential that each person involved with this program is familiar with this
manual and is an active supporter of the program which it describes,

%’f‘/éw-—
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GENERAL QA PERSONNEL CERTIFICATION

All scieutific personnel should undergo an initial training be! re sampling or
analyzing .naterial for clients, Eazh individual's training extends to both field
and /or laboratory procedures. The field training should include correct use
of all equipment, proper procedures for field experiments, and ins. uution for
handling storage, shipping, cleaning and preservation procedures,

The laboratory training should basically consist of: 1) The trainee reading the
procedure and becoming familiar with the reagents and equipment used, 2) The
trainee preparing and analyzing a set of standards in duplicate under the super-
visor's di~ection. These should fall within the acceptable set of limits in the
Quality Control Book. 3) The trainee independently preparing a set of known
samples along with blanks and standards in duplicate without help from the other
personnel or supervisor,

The date, assay, notebook location of the analysis, and the supervisor's initials

- are then logged on the Personnel Certification furm, a copy of which is retained

by the Quality Assurance Manager.

The certification may be renewed according to ‘he supervisors discretion if new
procedures or equipment are implemented, or over a certain period of time.

The Group Supervisors, or a delegate appointed specifically by memo, are

" personally responsible for the training of each technician in his group.

Written Oe Date @ .28-77 Q.A._ V= Date P-29-77

Approved_9/30/77 . ﬂQ Lo

P-ge 1 of 1
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EQUIPMENT CALIBRATION AND MAINTENANCE

Instruments and other measuring and testing devices usad in activities affecting
quality are calibrated and maintained periodically to assure accuracy within
specified limits,
Equipment Specifications for this equipment are filed in the Quality Assurance
Department and in the files of the department responsible for the equipment.
These specifications include:

1. Equipment identification (name)

2. Control number

3. Calibration/maintenance schedule

4, Equipment specifications

5. Specification verification (where applicabie)
Written Calibration and Maintenance procedures are maintained for each piece
of equipment affecting guality. A copy of these procedures is kept in the files

. of the Quality Assurance Department and in the files of t"2 department using the

procedure. These procedures include, but are not limited to:

1. Equipment idenficiation (name)

2. Control number

3. Calibration and/or maintenance schedule

4, Equipment necessary to accomplish calibration

5. Procedure for calibration and/cr maintenance

Instruments requiring calibration or maintenance have a prominently displayed
sticker containing the following information:

1. D=ie of calibration or maintenance

WRITTEN UE DATE //-/-77 QA (= DATE //-2-77

APPROVED ‘,;Q At u’A/—; 5
‘ . PAGE___1 OF__ 2
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2. Next due date for calibration or maintenance -
’. 3. Initials of agent performing calibration or maintenance

| There is a log for each measuring and testing device used in activities affecting
i, quality. This log is retained in departmental files and contains:

1. All data, charts, and curves sertaining to calibration or maintenance
procedures

Date of calibration or maintenance

Next due date for calibration or maintenance

o

Initials of agent performing calibration or maintenance
. Initials of aéent's supervisor (where applicable)

5
6. Accuracy of equipment prior to and follo g calibration (where
applicable)

7. Record of equipment failures or inability to meet specifications
(where applicable)

If calibration schedule is not adequately maintained or accuracy as reported in
specificatious cannot be attained for a svecific instrument, \hat instrument is
labeled "HOLD' and is unavailable for use until the specifications are attained.

WRITTEN UE DATE /! (-77 Q A VE DATE /N-)-77

APPROVED Vo Al /2

PAGE 2 OF 2
e
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METHOD SELECTION

The methods used at CDM/Accu-Labs must be defendable in court. In many cases
this may mean selecting methods that are legally required. (As an example, the
EPA often requires that specific analytical methods be employed). In other cases,
methods will be used which are recommended by reputable organizations such as
ASTM. Literature discussions should also be considered when selecting a method.

Since universal methods applicable in all situations do not exist, persons responsible
for methodology selection must be familiar with legal requirements, the recommenda-
tions of scientific associations, and the appropriate literature. New methods devel -
oped in-house are verified and thoroughly tested by analyzing known standards,

" spiked samples, and duplicate cam;. 2s in a variety of matrices. Records of this
supporting information should be provided to the Qual‘ty Assurance Manager to be
s*nred in the permanent archives.

The v -e of a well -accepted method by itself does not assure reputable results.
Even the most well characterized determinations must be continually monito ed
with regard to their precision and accuracy as described in the Quality Contyol

Section, ;

&
WRITTEN § K\ DATE v///7 2 QA \YE DATE /[-2-77
APPROVED ‘9 AW z/, /79

PAGE OF
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QUALITY CONTROL

The quality cont:ol procedures used at CDM/Accu-Labs are designed to measure
the consistency and quality of the data produced. Appropriate parameters are
routinely recorded and elementary statistical interpretation of this data is then
used to establish the precision and accuracy for each test. Based on these record-
ed parameters, acceptance limits are determined for individual assays in order

to prevent the release of unacceptable data.

The quality control procedures vary considerably between departments, However,
ce-tain features are in common:

1. A specitied number of samples are repeated at random in order to
determine the precision (reproducibility) of the analysis.

2. The accuracy of the methods employed are determined by analyzing
spiked samples, by participating in "round robins", and by analyzing
known check samples such as those provided by NBS or EPA.

3. The results of standards are charted each *ime an assay is perforn «?,
These results must fall within numerically specifi' 4 acceptanze iimits
in order for the assay to be accepted.

. Each department has a quality control procedure specifying such items as the
number of samples to be repeated and the specific acceptance limits (e. g., *2
standard aeviations) appropriate to their type of samples.

wm'r'rmgl“.w DATE 4/,[1 7 QA __VE DATE y4-2-27
APPROVED gﬁ Al u/1/72
PAGE_ 1 OF 1
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ADEQUATE RECORDS

Controlled Documents

All activities affecting quality are described in writing so that any individual pro-
cedur= can be fully described and supported at a later date. Because any changes
in these written documeats must be made in the formaiized manner deseribed
below, they are referred to as "controlled documents', Controlled documents
include, but are not limited to, analytical procedures, descriptions of computer
programs, and equipment specifications and calibration and maintenance pro -
cedures. Every ccntrolled document is issued a unique document n mber and is
released for use by the following procedure:

1. The author of the document initials and dates his work.

2. 'The Technical Director or the appropriate supervisory personnel
review, date, and sign the proceduse,

3. The Quality Assurance Manager reviews the document for completeness
sign. and dates it, and assigns it 2 document number,

Initials indicate approval unless otherwise indicated. Approval of forms is noted
. on a cover sheet and does not require approval of the Technical Director.

. Document numbers for data routing procedures, equipment specifications, and
operational procedures consist of seven digits. The first digit designates the
class of document; the following two digits, the regional laboratorv; the next
digit, the department involved: and the last three digits, the order of submission
to the Quality Assurance Depar iment:

CLASS OF DOCUMENT REGIONAL LABORATORY

1 = Equip. Specifications 80 = CDM/Accu-Labs
2 = Data Routing Procedures
3 = Operational Procedures

WRITTEN‘& A/ DATE u’/L/'r 17 QA UVE DATE ) -2-7/
APPROVED { At /;A/v 9

PAGE 1 oF 3
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DEPARMENT CODE

. 1 = Lab wide
2~ WA
3= FC
4 = RC
5= MS
6 = Cverburden

In addition, a revision letter is assigned in order to indicate revisions. A suffix
"T* indicates a temporary procedure which is still undergoing development.

Document numbers for forms are assigned a prefix F and four digits which des-
ignate the order in which the documents were submitted to the Q. AL Department,

The Quality Assurance department is resyonsible for distributing controlled
documents to the appropriate activity cer.ers,

When a document or form is changed, the documeant number is ¢ ..ered corres-
pondingly with a revision letter suftic. To initiate a change in . controlled
document, a change order form (F8019) is completed, signea by the group leader
dated, and submitted to the Quality Assurance Department, Non-substantive
changes such as the correction of typographical errors do not require a change

. in the revision number, Substantive changes such as changes in procedure
require change in the revision letter, and must be reviewed and initialed by .
the Technical Director or the appropriate supervisory personnel, In either case,

" a copy of the original and revised document is kept by the Quality Assurance

Department in permanent archives.

-

Occasionally, “DM/Accu-Labs deals with contracts in which the required work
is tightly specified in a Scope of Work. Such contracts require additional input
from the Quality Assurance Manager in order to assure that specifications in the
Scope of Work are met. This includes the review of Request for Purchase docu-
ments by the program management and the Quality Assurance Department.

Any deviations from the procedures required in the Scope of Work are referred

to as a variance. The Quality Assurance Manager and Program Manager must
approve any variances which occur,

WRITTEN_(| AW DATE 1/,/27 QA __UE __ DATE y1-2.77

a 7
APPROVED 00' L u/i/22
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Data Retention

Any data recorded manually in the laboratory is written in ink into eloth bound
notebooks or pre-printed forms. Any errore in the laboratory notebooks shonld
be crossed out, not erased or whited out and a short explanation included. The
Quality Assurance Manager assigns a unique number to each notebook and records
which department has whic. notebooks, The notebooks may be retained in a secure
location in each section until they are no longer needed, at which time they are
returned to the Quality Assurance Maaager. The Quality Assurance Manager will
check periodically to see that all notebooks can be accounted for,

An automatic printer or strip chart recorder can be substituted for a hand-written
notebook. However, such tapes should be dated, initialed, and easily traceable
to the correct sample and analysis,

Raw data is normally retained for a miniinum of two years from the completion
of the project; final reports, for a minimum of three years. Data for court cases
is retained until otherwise directed by the General Manager of CDM/Accu-Labs.

writTEN ('Ofa_ pare //M 77~ “"A__\e _ DATE /I-P-77
APPROVED ﬁjﬂ w/ 1/5/2 9
PAGE OF :
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QUALITY ASSURANCE ORGANIZATION

The Quality Assurance Department acts as a monitor for alllQuality related
matters concerning the la oratory, and is independent of all proje.t ac:iiva. s,
The Quality Assurance Manager reports to the General Manager of Accu-Labs and
also conducts meetings with the management and group supervisors to review any
quality related problems. .

The Manager's responsibilities include:

1. Auditing and reviewing on a formal basis the implementation of the quality

assurance program.
2. Maintaining permanent records as described in this document.

3. Reviewing the scope of work of projects that require specially designed
quality assurance specifications.

4. Assigning control numbers to procedures and forms.

5. Educating laboratory personnel in general quality assurance requirements

and in the quality assurance requirements of specific agencies.

6.
The Quality Assurance Department audits ali departments on a regular basis
(annually at a minimum) for compliance to the quality assurance program. The
audit will include a review of record keeping, instrument calibration, personnel
certification, and quality control procedures. The Quality Assurance Manager
prepares a written report of the audit which is discussed with the group super-
visor and other involved management. At this time a copy of this rejort is
filed with the quality assuvrance archives and a scheduvle of corrective action
(1f necessary) is agreed upon.

¢ WRITTENAKW DATE_// //7 V. Q. A.__UE DATE__ [[-2-7 7

PAGE - 1 - . OF

APPROVED DOAW /172

Preparing a monthly written report for management on quality related activities.
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QUALITY CONTROL - RADIOCHEMISTRY

Quality control is accomplished in the Radiochemistry section in the following
manner: -

1.

2,

Precision. The precision of each anaiysis is calculated based on
counting statistics whenever possible, In addition, random samples
are repeated, as sample volume permits, to further establish the
precision,

Accuracy. The accuracy of radiochemical analyses is deterrﬁ‘med
by participation in the EPA's Cross Check Program and by the
analysis of standards with each set of samples,

Concistency., The results of standards are tabulated “vith each
determination. Control limits are set at + 3 standard deviations
(99. 7 confidence limits), Proportional counters are calibrated for
efficiency on a regular basis using certified standard sources.
Background determinations are performed and tabulated on a
regular basis in order to ¢. ¢ck for instrument contamination.

{See instrument calibration and maintenance procedures. )

WR(TTEN l()/ﬁﬁ? DATE 4//7/ QA = DATE //-Q -77

/
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PROCEDURE TO ENSURE QUALITY OF DATA PRODUCED

An evaluation is m~de to document daily laboratory performance
in determining if valid aata are being produced.

First, valid precision and accuracy data should be available
on the method and analyst, Thereafter, systematic daily checks are
done to show that responsible results are being obtained, and that
the methodology is actually measuring what is in the sample. These
ite s are discussed in uetail in this section.

Precision and Accuracy

Precision refers to the reproducibility among replicate obser-
vations; The precision is determin 1 on reference standards which
cover the expected range of concentrations. For colorimetric analyses,
the initial standard curve includes a blank and a series of at least
four standards incompassing the full concentration rarge to be used
for routine sample analyses. Subsequently, three standards are
analyzed in duplicate to verify thc original standard curve. For
other measurements, such as pH, conductivity, turbidity, etc.,
instruments are standardized according to the procedure described
in the methods section.

Accuracy refers to a degree of difference between observed and
known or actual values. Accuracy is determined by the analysis of
known standa.ds and can be reported on a relative or absolute basis,

depending on client preference.

WRITTEN  71) DATE iiofn.  Q.A. T4 DATE ;5/q/2

APPROVED [V W/ /2 e
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Percent recover; at each concentration is expressed as the mean
of the two replicate resvits.

Valid precision and accuracy data on the method are available
to the analyst, and daily checks are made to ensure that valid
data are being generated.

Three (3) sets of duplicate standards are run with each color-
imetric test for a total of 6 standards. In addition to standards
and spikes, reagent blanks are analyzed in duplicate for each
colorimetric test performed. Background data are collected and
plotted on a graph of time vs. test value. These data are entered
in the ippropriate Quality Control data and chuart notebo 'k (F8001,
F8002, F8003). The range and mean are plotted on the graph until
enough background data are recorded to achieve an upper and lower
control limit. Once the limits are determined (+ 2 standard
deviation), the standards run with each analysis must lie between
the upper and lower limits. If they do not, the anzlysis is
stopped and the cause is determined before completing the analysis.
All standards, spiked samples and/or blanks must lie on the charts.

Once the precision and accuracy charts are established, they are
updated with each set of standards run with each analysis. The

limits are recalculated periodically including the recent data.

WRITTEN 11) DATE __p12/45:. _Q.A. __71) DATE p/e¢/s.
apprOVED /] A/ | 100/ 6
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Duplicates of a-tual samples are intermittently dispersed
throughout a series of samples to be analyzed without the analyst's
knowledge. The results for the analysis of those "blind repeats"
are recorded on form F8024.

In addition to analyzing standards, reference s:aples are
analyzed that were fcrmulated by the Environmental Protection
Lgency (unknown to the analyst). This outside sample confirms
the accuracy of the method and analyst. The results of these

analyses are recorded on rorm FR023.

Standard Methods for the Examination of Water and Wastewater,

14th Edition, 1975, pages 26-33.

WRITTEN 11, DATE ig/4/ 7, Q.A. Ty, DATEjp/e/y

APPROVED [/ (-’ 10/0 /7%
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WATER LABORATORY PERSONNEL CERTIFICATION

,.) The supervisor of the laboratory shall certify the analyst as competent

to perform particular analyse-,

2.) . All scientific personnel should undergo an initial training period before
analyzing samples for clients, This training should satisfy the supervisor
of the department, or the project manager, It sheuld basically consist of;

1) The trainee reading the proredure and becoming familiar with the reagents
and equipment used,

2) The trainee preparing and analyzing a set of standards in duplicate urder
the supervisors direction. These should fall within the acceptable set of
limits in the Quality Control Book,

3) The trainee independently preparing a set of known samples along with

blanks and standarus in duplicate without help from the other personnel or
supervisor,

3.) The date, assay, and location of the analysis for certification are logged on
the Personnel Certification form(F8066). The training individual initials the

entry, documenting that sufficient training has been done. The supervisor
injtials th. entry to "certify" the analyst.

') The Group Supervisor is responsible for training bul m -+ as 2ppropriate
delegate the job of training to someone else. (This is ¢ocumented by the
initizls of the trainer on the Persnnnel Cerlification Form)

- —— - - . . —— ———

- Written 2 & Date QA.__VE _ vate of 1879

.Approvcd ; lcé‘ -89
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GELNERAL QA PERSONGEL CERTIFICATION

All scientific personnel should undergo an initial training before sampl-
ing oi analyzing material for clients. Each indiv/ ‘val's training extends
to both field and/or laboratory procedures. The field training should in-
clude correct use of all equipment, proper procedures for field experiments
and instruction for handling storage, shipping, cleaning and preservation
procedures.

The laboratory training should basically consist of: 1) The trainee read-
ing the procedure and becoming familiar with the reagents and equipment
used. 2) The trainee preparing and analyzing a set of standards in dupli-
cate unde: the supervisors direction. These should fall within the accept-
ablea set of limits in the Qualit Control Book. *  The trainee independ-
ently preparing a set of known samples along wit - »lanks and standards
in duplicate without help from the other p: sonnel .r supervisor.

The date, assay, location of analysis and the supervisor's initials are then
logged on the Personnel Certification form, a copyv of whi<h is retained by
the Quality Assurance lianager.

The certification may be renewed according to the supe.visors discretion if

new procedures or equipment are implemented, or cver a ertain period of time.

The Group Supervisors, or a del'~gate appointed specifically by memo, are
personally responsible for the aining of each techni an in his group.

Written (& Pate Z-XZK-77 Q.A. VE Date 7-29-77

Approved J/ & i~/ 7/29/7 2
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QUALITY CONTROL - WATER

Quality Control in the Water Laboratory includes the following:

Replicate Analyses. 10% of all analyses are routinely repeated to
determine precision; control charts are generated from these data.

Spiked Sample Analyses. 10% of all analyses are r~n . ly spiked

to determine recovery and accuracy; control charts » e gener ated
from these data.

Cross Check Samples. Known and unknown samples from USEPA,
and standard samples from NBS are analyzed routinely to determine
analytizal accuracy.

Standards. The instrumental response of a Standard is charted
with each analytical run to determine the comparability with past
performance of the method.

Data Acceptance, Data which falls cutside accept nce limits
(3 sngma,_grconjldence level) will not be reported. Data
which falls between + 2 sigma and +3 sigmd 95% confidence level)
shall be 1mmedxately brought to the attention of the supervisor
and reported at his discretion.

Crntrol Parameters. Unless specifically ordered by the super-
visor, data acceptability will be tested by the results of spiked
sample analyses. For determinations for which this is not feasible,
the results »f Standards will typically be used.

written ( %w . Date _.‘,‘.!_'_13?;_ QA e Date [(-2-"7 7 _

Approvedyl KW 4 // / f5.
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Camp Dresser & McKee has an efficiem and smoothly functioning Quality Assurance
Program in order to ensure that accurate and precise laboratory data are given to

the client. Our Quality Assurance Program was designed to comply with the Criteria
for Nuclear Power Plants, set forth in 10 CFR 50. The Quality Assurance Program
prepared by Camp Dresser & McKee is documented by written policies, procedures,
and instructions. All personnel are responsible for conducting their activities in
compliance with these procedures. The Quality Assurance Manager, who is responsible
for carrying out periodic technical audits, reports directly to the Manager of the

laboratory.

All laboratory analyses are performed utilizing appropriate written procedures which
are referenced to standard methods or to literature citations from respected journals,
At the completion of an analysis or test, the laboratory technician has his data sheet
verified and initialed by his laboratory supervisor. All data are chec%ed and approved
by qualified personnel, Control charts are used to monitor the consistency of analysis.
Data flow is sufficiently well documented so that results presented in a final report can
be traced back to the original citation in the laboratory notebook or worksheet and *o

the receipt of the sample.

All instruments used in analysis have maintenance and calibration schedules which are
rigorously followed. All instrumeris are checked and standardized whenever un analytical
measurement is made. Wherever possible, instruments are calibrated against NBS

Stand 'rds such as NBS Certified Thermometers.

Camp Dresser & McKee has programs for b ind »opeats, duplicate analyses and the
use of standard samples such as NBS Certific:: Chemical Stardards to ensure the

precision and accuracy of the data.

Training procedures are documented in our Quality Assurance Manuals. All program
personnel have scientific backgrounds compatible with their function. Camp Dresser
& McKee has an astive program for the continuing education of its personnel through
college courses, short refresher courses, seriinars and professional meetings. In
this manner, the employees stay abreast of new developments.

The Quality Assurance Manual Documents all sampling techniques, storage and analysis
procedures, as well as instrumeix calibration and maintenance procedures and is
continually maintained. Thuse procedures are not deviated from unless revisions are
approved through proper channe’ Camp Dresser & McKee Quality Assurance

Manual, listing all these procedu . 3, is proprietary; however, at the initiation of a
project, the client can receive a ¢ 'py of a Quality Assurance Manual specifically
designed for the needs of his project.

Camp Dresser & McKee encu i* iges client audits, inspection of ''s facilities and analyses
of its programs.
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RADIOCHEMISTRY SERVICE

Camp Dresser & McKee offers a comprehensive radiochemical analysis service
specializing in analysis of water., soil, ores vegetation and animal matter.

Samples are analyzed in accordance with methods presented in ''Standard Methods for
Examination of Water and Wastewater", 14 Edition, 1975, APHA, AWWA, WPCF; HASL
Procedures Manual . J, H. Harley, Ed., Health and Safety Laboratory, U.S. Atomic
Energy Commission, 1972; 1975 Annual Book of Standards, Water, Atmospheric
Analysis, Part 23, ASTM, American Societ; for Testing Materials, 1971; Handbook of
Analytical Procedures, J. N, Latimer, Et al.,, USAEC, 1970; Interim Radiochemical
Methodology for Drinking Water, USEPA, 1975; and others.

Samples are analyzad for alpha and beta emitting nuclides using internal proportional
counters.

Several features of our radiochemical analysis service are outlined below.

A. Quality Assurance
An active quality assurance program. documented by written policies and precedures
insures that accurate and precise results are obtained.

Quality control is maintained by a program of analyzing standards, blanks, and
repeat determinztions with each set of samples. Accuracy of the results is further assured
by participation in the EPA cross-check program. In this program, the EPA distributes
samples of unknown radioactivity to the participating laboratories who then perforin the
required analysis and send their results to the EPA. The participating labs are then
informed of the correct result for the analysis as well as the results obtained by the other

labs.

The proportional counters used are calibrated for efficiency on a regular basis using
certified standard sources. Background determinations are frequently performed to
check for instrument contamination.

B. Procedure Development

Currently the EPA is engaged in a progiam of establishing =tandardized procedures
for the analysis of various radioisotopes. Laboratories taking art in the EPA cross-
check program are asked to submi “~nies of procedures they use for a specific analysi.
The procedures are reviewed by the EPA and incorporated into a Tentative Reference
Method procedure which is sent back to the participating labs for review and criticism.
We take part in this program to the fullest extent possible.

C. Metection Limite

Detection iimits, given adequate sample, are generally well within the limits
established for drinking water by the EPA, State Health Departments and other agencies.
All analysis are reported with an error term representing the variability of the radioactive
disintegration process at the 95% confidence level, 1.960.
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D, Technical Assistance

We welcome any inquiries concerning analytical problems with which we may be
of assistance. Personnel are willing to discuss any problem in the technical area or
in service sckeduling.

E. Turn Around Time. . . . . .Or why Does It take So Long, But Not Always ?
Completion time for water samples of drinking water quality will generally be two

to three weeks. This is determined by the number of samples and analyses required and

also by the activity of the sample. Certain determinations require, when radioactivity is

present, the measurement of decay rates or ingrowth of daughter products over a period

of time varying from one to three weeks. When this i3 necessary, turn-around time will,

of course, suffer.

F. Sample Preservation and Preparation

Water samples for analysis of radium, thorium, gross alpha & beta, strontium, barium,
lead, and polonium should be filtered at the time of collection, if possible, and acidified
with 40 ml of 8M (1:1) nitric acid per gallon. Acidificat’ n of unfiltered samples may result
in a redistribution of radioactivity between solid and liquid phases. (Some authorities state
that any suspended radioactivity dissolved by such a dilute acid treatment should “e considered
potentially soluble radioactivity and included in the analysis.) Samples for tritium, cesium,
fodine, and potassium should not be treated with nitric acid. All samples are filtered at the
time of analysis. Solid samples, excluding vegetation and tissue, should be dried and crushed
to -100 mesh if possible. A small sample preparation fee may be charged for those which are
not.

G. Sample Size :
The following volumes and weights are required in order to agsure meeting of £PA,
APHA, and State Health Department requirements.,

Determination Volume (ml) Weight (g) for Solids*
Gross Alpha & Beta 50C 0.1

Radium 226, 223, 224 1000 5

Thorium 230 500 5

Strontium 90 1000 5

Lead 210 1000 5

Polonjum 210 250 2

Barium 140 1000

Cesium 137 1000

Tritium 100

*For vegetation samples, we recommend collecting at least 500 grams of sample in order to
assure a representative sample, and also to report better detection limits,

H, Sample Receiving and Disposition
All charges are for samples delivered to the laboratory or shipped to Denver.

Bus serv. e is convenient and effective, Air Freight is preferred for samples sent from
distant location. Samp'es are discarded 30 days after completion of analyses unless we are
notified otherwise.
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6.1.A.10.0 QUALITY CONTROL AND QUALITY ASSURANCE
A. PURPOSE

The role of an analytical laboratory is to provide qualitative and
quantitive data that will assist in decis'on making. This is
especially true in a program in which laboratory measurements are
used .0 determine whether operation of a facility complies with

| applicable regulations.

The quality assurance program is designed to control analytical
data so that it accurately describes the composition of the samples
analyzed. The quality assurance program will cortinuously ensure

the precision and accuracy of the data provided.

B. SCOPE
In order tn properly fu.fill its function, the guality assurance
program will govern persornel training, methods selection, equip-
ment operation, data handling, review of documentation and results,
and auditing of the facility. Furthermore it will contain quality
control procedures which aliow continuous monitoring of the accuracy
and precision of analytical results, and assure the proper function-

ing of laboratory equipment and instruments.
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The Environmental/Radiation Department Manager, who will not perform

RESPONSIBILITIES AND QUALIFICATIONS

laboratory alyses, will be the designated Quality Control Super-

visor.

The qualifications and experience of the laboratory staff are listed

in Appendix 10.0.0.

PROCEDURES

1. Personnel Training
A1l labcratory personnel will be trained by the Environmental
Chemist in all aspects of every analysis in accordance with
the procedure outlined in the Laboratory Training Manual. In-
cluded in the training will be extensive analysis of spiked
samples to demonstrate the accuracy and precision of the in-
dividual's analytical performance from the receipt of the sample
to the final analytical result. Instruction will also be
given in the use and care of routine laboratory equipment and

glassware, and routine instrument maintenance.

Retraining of laboratory personne’ will bz performed regulariy,
particularly in areas of laboratory work infrequently performed

by the individual. Retraining of all individuals will be
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performed whenever an approved modification is made to an
analytical procedure or when it is found that the precision

or accuracy of analytical results can be improved.

During training, and thereafter, the analyst shail have ir
his possession a detailed procedure manual for the parti-ular
analysis being performed. It is the responsibility of the
Envaronmental Chemist to ensure that the analyst rigidly

adheres to the approved procedure at all times.

2. Methods Selection and Use
The methods .sed will be those which have been collahoratively
st.idied and found to provide acceptable results for the type
of work performed vy the laboratorv. In many cases this re-
quires the use of methods which have been approved by the
Environmental Protection Agency or other regulatory agencies.
In cases wnere no specific method is m:=~dated, documented

methods which are in common use will be employed.

Modification of existing methods may be required in order to

accommodate the available equipment or to accommodate a par-

ticular type of sample. In all such cases sufficient documen-
. tation will be obtained through analysis to determine that the

modifications do not affect the accuracy of the result.
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In order to ensure that the procedure manuals for the laboratory
are kept up to date and all revisiong are included in all copies,
the procedure manuals must be controlled documents. A1l copies
must be numbered and assigned to individuals who are responsible
for them. Documentation that revisions have been included in
each copy must be maintained. Upon the terminatior or transfer
of any individual from the laboratory, all procedure manuals
assigned to that individual must be returned to the Environmental
Chemist. Additionally, each copy will be reviewed once a year
to determine that it is complete and up to date. Documentation
of this review will be kept in the individual copy of the pro-

cedure manual and in a separate file.

Equipment Operation

Equipmen* operation will be governed by operators manuals
provided by the equipment manufacturer. Their procedure
manuals are not controlled documents. Where necessary, pro-
cedure manuals for the use of equipment in specific analyses
will be written. These procedure manuals wili be controlled
documents and will .e regulated in the same manner as the

analytical procedure manuals.



4.

Section Name Environmental/Radiation

Policy/Procedire 6.1.A.10.0

Page 5 of 29

Date Issued April 1, 1981
Supersedes A/N,

APPROVED [ / M ’4}// //

Data Handling

Adequate recoras of each analysis sufficient to recreate a
particular result and demonstrate the accuracy shall be main-
tained. Laboratory worksheets, which must be completed, are
provided for each analysis. The labe-atory worksheet provides
documentation of all data, such as sample volumes, instrument
counting times, and calculation of results. Any analytical
instrument print out which is obtained from the analysis shall

be permanently attached to the laboratory worksheet.

Upon completion of the analysis the laboratory worksheet is
submitted to the Environmental Chemist for review. After review
the worksheet is retained on file for a period of not less than

five years.

Separate log books wi.1 be maintained for the quality control
records of each analysis and for each major instrument. These
log books will contain the results of all control samples, back-
ground samples, and spikes. The control charts for each analysis

will also be contained in the log book.

The instrument log books will contain ail calibration and background
determinations and control charts. Additionally, records .r all
malfunctions and corrective actions taken will be maintained

in the log book.
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On a quarterly basis the Quality Control Supervisor and the

5. Review of Analytical Results

Environmental Chemist will review the analytical results on
all samples and the a:sociated spike and cross check samples.
Samples will be reviewed through the use of controi charts and
will take into consideration previous results from the sample
site, expected results, and changes in sampling conditions.
Spike samples and cross check samples will be reviewed for
‘ asccuracy and precision. If unreasonable or inaccurate results
are found, the cause will be investigated and appropriate r¢-
medial action will be taken. Documentation of the cause and

the remedial action will be maintained.

At the time of completion of each analysis, the spike sample
results will be entered on the control charts. If indications
of a problem exist, the analysis of all affected samples will

be repeated.

The Environmental Chemist and the Quality Control Supervisor
shall verify and recompute approximately 25 percent of all

analytical results. Documentation of the recomputation will
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be maintained. If a computer or calculator program has been

used in calculation, the program shall be verified with stardard

test data on a regular basis. Documentation of the , .ogram

and the verification of results wil! be maintained.

Review of Procedures

On a yearly basis, the Quality Control Supervisor and the
Environmental Chemist will review the analytical and operating
procedures for the laboratory. Consideration will be given to
new methodology and to the improvement of the existing pro-
cedures. Revisions to procedures will be issued as required.

Documentation of reviews and revisions will be maintained.

If a new procedure is introduced, it will be documented and
all affected personnel will be instructed in its performance.
The effectiveness of the procedure will be documented through

the ana’ysis of spike samples before use on unknowns.

Auditing of the Laboratory

Internal - A quarterly audit of .ne laboratory facility will
be made by the Quality Control Supervisor. Any deficiencies
found will be identified in writing. The laboratory will

provide written documentation of corrective actions taken in

approveD, ([ C/,i/'é {”f,//[///
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re. .onse to the audits. The auditing criteria will be those
of the NRC Regulatory Guide 4.15 and such other criteris as

are applicable.

External - On a yearly basis an audit will be performed by a
qualified individual not involved in the operation of the
laboratdry. Any deficiencies found by the auditor mu<t* be
identified in writing. The laboratory will provide written
documentation of corrective actions taken in response to the
audit. The auditing criteria will be those of the NRC

Regulatory Guide 4.15 and such other criteria as ar2 applicab]e..

Quality Control Procedures

Quality control procedures provide a means of checking the
accuracy and precision of results ard the proper functiining of
analytical equipment. Quaiity control procedures involve the

use of various coatrol samples and the application of statistical
analyses to analytical results. Not all of the statistical
analyses are necessary for every type of control sample as they
often represerit duplicate means of achieving the same results.

The quality control technigues which are to pe applied to in-
dividual analyses and equipment will be specified in the analytical

procedure manuals and equipment operating manuals.
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Sample analysis will be performed in duplicate on a

Duplicate Analyses

minimum of one sample in every ten samples present in a
sample run. In the eventof less than ten samples being
present in a run a minimum of one duplicate analysis will
be performed. The sample analyzed “n duplicate may be
either a regular sample or a synthetic sample whose actual

value is unkown to the analyst.

Accurate records will be kept for duplicate analyses. All
factors which might affect the analytical performance will
be recorded. Minimum information will include the date,

the analyst, and instruments used.

After a minimum of 20 sets of duplicate data has been ac-
cumulated for a particular analysis, . statistical range
analyses will be performed in which a mean range (R) be-
tween duplicate analyses is calculated from the standard
deviation of the analysis. The formula for this calcula-
tion is §=dzo wncre d, is a function of the replicates

involved and o is the standard deviation.
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The control limits can be calculated by R+30R D R=D,d,0

where 9p is the standard deviation of the D, is a function
of the number of replicates involved. The fuctor dz and
D4 are presented in the following table for different

numbers of replicate samples (eg., duplicate, triplicate):

FACTORS FOR CALCULATING RAMGE CONTROL CHART LIMNES

Number of Central line Control limit
observations factor (d,) factor (D)
2 1.128 3.267
3 1.693 2.575
A 2.059 2.2%2
5 2.326 2.115
6 2.524 2.004

After settin. up range limits, results can be evaluated.

The theoretical distribution is as follows:

Range Percent of results
.ﬁ(i + OR) 84

<(R + 20p) 97.5

“(R + 30p) 100

>(R + 30R) . 0
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An acceptable distribution will either be close to tha
predicted by theory or shifted toward the 9p and ZoR
categories. An unacceptable distribution will be shifted

toward the 2°R‘ 3°R’ and >30R categories.

An "outlier" distribution follows the thecretical distri-

bution, but has a few results in the >30R category. This

indicates acceptable precision with occassional poor re-
° sults. The "outliers" should be examined closely to deter-

mine their source.

b. Spike Sampies

The accuracy of laboratory data can be established by pre-
paring special standard samples containing known concentra-
tions (spikes) of the constituentsof interest and statistically
studying the relation between the resulting analytical values
and the known concentrations. The spikes will be analyzed

in the ratio o/ one sp’ke for every ten samples in a samile
run. In the evort that a sample run contains fewer than ten

samples, no less than one spike will be run.

Accurate records will be kept for spike analyses. All factors

' which might affect the analytical performance will be recorded.



Section Name Enviroamental/Radiation

Policy/Procedure 6.1.A.10.0

Page 12 of 29
Date " <«sued Ap(i] 1, 1981
Supersed /

APPROVED ( ‘ Eg

Minimum information will include the date, the analyst, and

the instruments used.

One of the following types of control chart will be main-

tainer! for the spike samples related to each analytical

procedure.

1. Means Control Chart (See Figure 1)
The means cortrol chart erables one to determine the
amount of L.a, between tne mean and the expected value.
It is assumed that the resulting data wil! resemble a
normal distrihution over Lime. When preparing such a
control chart one assumes the known activity to be the
mean. The allowable standard deviation for the individual
deter ' 1ations is selected and the standard deviation
of the mean is calculated by dividing the standard
deviation of the individual measurements by the square
root of the number of determin:itions (om = o/Vn). Accep-
table results should fall within £ 2om for 95% of the
results. Any bias will be evident as a consistent dis-

placement from the mean.
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Individual Results Control Chart (See Figure 1)

The control chart for indivi&ual results is essentially
the same as thc weans chart except that individual values
are used rather than the mean value. In this chart

the standard deviation of the i:dividual values, rather
than for the mean, is used. The known value is assumed
to be the central value. Both cnarts may be used to
determine analytical trends and to correct problems be-
fore they reach a level which would seriously comp.omise

the analytical recults.,

c. Cross-Check Analyses

Cross-check analyses are of essentiaily two types:

l'

Cross-check samples supplied by an agency such as the
Environmental . cotection Agency to a large number of
laboratorie *o test the ability of individual labora-
tories to perform accurate analyses. The resul. from
individual laboratories are reported to the ager.y which,
n turr, performs a statistical analysis on the results
and repor¢s to each individual laboratory its per-
formance with respect to the known *alues and the per-

formance of the other laboratories.
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This laboratory will participate to the Ereatest extent
possible in such cross-check programs as the Environmental
Protection Agency - Las Vegas Incomparison Program for all

applicable samples.

Split - Sample analyses between two or more laboratories
where one of the participating laboratories supplies the
sample tc be analyzed. The sample may be an unknown, a
synthetic spike r a sample wiose values are known to the
supplying laboratory through prior 2nalysis. The use of
actual samples is the only way for an environmental
laboratory to estimate the accuracy of its results at
trie environmental levels. Programs such as those in
part a, above, because they cannot be carried out at the
low levels four in the envirorment, do not substitule

for a split-sample program.

Th.s laboratory shall have an ongoing spliti sample proyram
with the Tennessee Valley Authority analytical laboratory
and one or more other laboratories. This laboratory will
supply, at least once each year, a split sample for

analysis for each analytical procedure routinely performed.
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This laboratory shall participate to the extunt requested
in analyzing the split samples supplied by the Tennessee
Valley Authority and nther laboratories.

Blank Sample Analysis
Blank samples shall be analyzed with each set of samples.
Blank samples can be used effectively to determine analytical

problems and to correct the analytical results on samples.

A1l blanks analyzed with samples will be process blanks which
shall be deionized water, analyzed in the same manner as an
actual sample. This allows a check on ine contaminants
introduced by the laboratory analysis and chemical reagents.

This also allows £.¢ the correction of sample results.

Additionally, deionized water blanks, to which no reagents
Fave been addad, will be used in instrumental analyses to
check proper in trument function and to detect and correct

for possible contaminants in the deionized water itself.

Radiation Detection Instrumentation Quality Control Procedures

Radioarti.e Standard Check Sources.

The resources chosen as check sources will be traceable to

the National Bureau of Standards and will contain nuclides
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whose type and energy of radiation correspond to the type
of analysis for which the system is being used. The

sources will also closely approximate the geometry of the

sample to be analyzed.

Radioactive Standard Check sources and radioactive solutions,
because of their peotential danger and because improper
handling might destroy their calibration, will be kept in a
locked cabinet when not in use. Their use will be governed
and documented by the relevent procedures in the laboratory

procedrve manual.

Instrument effeciencies will be determined on all instrumenrts
at a frequency which will ensure that analytical results will
not be effected by an instrument drift or malfunction. In
most cases it will be possible to check the instrument ef-
ficiency immediately prior to counting of a sample. In-
strument backgrounds will also be determined on a regular

basis.

A1l efficiency and background determinations will be
documented and entered on instrument control charts.

(See Figures 1 and 2)
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Ins crument Control Charts

The statistical nature of radioactive decay will result in
uncertainties in the determinations of check source and back-
ground count rates. Deviation- from the "true" values that
result tcom instrument malfunctions can be quickly detected
through the use of control charts of the routine check and

background determinations.

A control chart consists of a graph showing time on the
abscissa and count rate, or tota: counts, on the ordinate.
(See Figure 3). Lines drawn parallel to the time axis at
values fcr the "(~ue" count rate and for values of + 2 and
4+ 3 standard deviations. The "true” count rate for a source
is determined by at least 30 countings whose individual
statistics are acceptable or from a single measurement of

at least 10 kours.

When a point goes outside the limits a further check is
necessary to determine whether service may or may not be
required. A series of repeated measurements should be run
and a Chi-square test applied to the results to determine

the need for service.
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Contro? charts will be received on a regular basis (the
time pericd must be determined by the number of analyses
performed in order to obtain a statistically valid base)
to check for possible trends. If trends are present, the

cause will be determined and appropriate action taken.

The detector plateau for all gas discharge and scintiliation

instruments shall be determined on a quarterly basis and

before use after any modification or repair.

Multichannel analysis systems will have a quarterly energy
calibration using either a mulit-isotope source or several

single isotope sources.

10. Sample Handling and Treatment
Once a representative sample is collected and delivered to the
laboratory the laboratory staff is responsible for properly
treating 2nd storing the sample. Often samples collected in an
enviromental survey require treatment because they are not
physically ready for analysis. Treatment of the sample after
it is received depends on the sample itself and the analyses to
be performed on it. Most treatment and handling techniques have
been established and well known fiv many years. Again, certain

precautions must be taken in the radioanalytical laboratory.
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Water Samples

Generaliy, water samples should Be acidified when collected.
Under certain conditions this procedure should be modified;

for example, if total and dissolved fractions are to be
analyzed, the samples should be filtered before acidification.
If the samples are to be stored for any length of time,

carrier or complexing agents should be added to prevent ab-
sorption of trace metals on the storage containers. Ab-
sorption is knhown to occur quite rapidly under some conditions.

See Table 1 for recommended sample volumes and preservation.

Air Filters

The air filter should be handled with care when dust lcading
is observed because particulate matter is easily removed
from the filter, thus invalidating the analysis. Air filters
are often stored in the envelopes; some extremely low level
analyses may require analysis of the envelope in which the

sample was stored as well as the sample itself.

Soil
Soil samples shall be dried, pulverized, and sieved to pass

a 200 mesh (this will vary according to the analyses ‘o be
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performed) sieve before analysis. Further thorough mixing

is required to ensure a homoge:. -ous sample.

d. Other Samples
Perishable samples should be preserved by refrigeration or
freezing. Vegetation and other samples may need to be dried,

pulverized, or ashed before analysis.

Data Handling and Reporting
A system for controlling the passage of samples through the
laboratory is required to assure that the proper analyses are
assigned and completed.
a. As they arrive, samples are recorced in a log book.
At this time, a laboratory number is assigned to the sample;
and all descriptive information concerning the sample,
including sample source, sample type, quartity, collection

time, and sample collector is recorded.

b. An analytical request sheet, which lists the sample number
and descriptive information about the sample, is prepared
for the sample. A1l necessary pretreatments and analyses
to be performed should appear on the sheet. Space is pro-

viced for completion dates.
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C. As results are completed, more information, such as the

name of the analyst who performed the work, his calculations

for the sample, and all pertinent data that would allow

recalculation of results at a later time if necessary, is

noted on the result sheets.

d. As various analyses are performed and results are reviewed
by the analyst, the request sheet is checked off and the re-

sult sheets are attached to the analytical request sheet.

e. After all analyses are completed, the results are sent to
the laboratory supervisor. After the results are reviewed,

they are transferred to a final report form.

f. The analysis request form and result sheets are appropriately
filed for future reference. Results shall be kept for ready

reference.

12. General Procedures
a. Individuals may not enter the laboratory area without first

removing any significant contamination.

b. The adhesive floor mats at the laboratory entrances will

. be replaced as required to assure the removal of dust and

soil from shoes.
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The air filters on the laboratory air inlets will be in-

spected weekly for dust loading and cleaned as required.

A1l chemicals and reagents used in the laboratory will

be of sufficient purity to prevent interference or intro-
duc:‘on of contaminants into the samnles. Reagent
grade chemicals will b~ used except where higher purity
i< required or where reagent grade is not commercially

available.

A1l primary laboratory standards and all radioactive
standard solutions will be traceable to the National Bureau
of Standards except in cases where the National Bureau of

Standards does not provide certification.

The deionized water used in the laboratory will be monitored
through the sample analysis blanks and calibration blanks
analyzed in the normal course of laboratory work. Corrective
action will be taken as required to prevent the introduction of

contaminants.
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RECOMMENDATION FOR SAMPLING AND PRESERVATION
OF SAMPLES ACCORDING TO MEASUREMENT"

Mcasurement

100 Physical Propesties

Color
Conductance
Hardness

Odor

pi

Residue
Filtaiable
Non-
Fibieravle

: Total
Valatile

Setdlcable Matter

Temperature

Turbidity

' 200 Metals

Dissolved

Suspended
Tota)

Vol.
Req.
(i)

100

100

25

100

100

1o
1000
100

g

Holding

Containcr Prescrvative Time
G Cool, 4°C 24 Hrs
PG Cool, 4°C 24 His.
r.G Cool, 4°C 6 Mos

HNO,; to pil <2
G only Cool, 4C 24 Vs,
P.G Det. on site 6 His
rG Cool, 4°C 7 Day
G Cool, 4'C 7 Days
rG Cool, 4°C 7 Days
r.G Cool, 4°C Ldays
rG None Reg 24 Nrs.
PG Det. on site No Holding
rG Cool, 4°C 7 bays
r.G Filter on site 6 Mos.

HNO; o pli <2

Filter on site 6 Mos
r.G HNG, to pH <2 6 Mos
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TABLE 1 (CONT)

Vol
Req. Holding
Measurement (ml) Container Preservative Time
Mercury
Dissolved 100 PG Filter on site 38 Days
HNO; 1o pll <2 (Glass)
13 Days
(ard
Plastic)
Total 100 PG HNO, to pll <2 38 Days
(Gilass)
13 Days
(Had
Plastic)
300 Juorganics, Non-Mctallics
Acidity 100 PG None Reg 24 Hrs
Aikalinity 100 r.G Cool, 4°C 24 Mis.
Bromide 100 ».G Cool, 4'C 24 Mirs.
Chloride 50 P.G None Reg. 7 Days
Chlorine 200 r.G Det. on site Na Holding
Cyanides 500 PG Cool, 4°C 24 Mrs.
NaOH 10 pH 12
Fluoride 300 PG None Req 7 Days
Jodide 100 r.G Cool, 4°C 24 Mis.
Nitrogen
Ammonia 40 P.G Cool 4°C 24 lins
H,S0, 1o pHl <2
Kjeldahl, Total 500 P.G Cool, 4°C 24 Hns.
H,50, 10 pM <2
Nitrate plus Nitrite 100 PG Cool, 4'C 24 Mrs.
H,S0, 10 pli<2
Nitrate 100 rG Cool, 4°C 24 Hrs.

Nitrite 50 G Cool, 4°C 48 Hrs
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TABLE 1 (CONT)

Yol.
Req. Holding
Measurerent (m) Container Preservative Time
Dissolved Oxygen
Probe 300 G only Det. on sitc No Holding
Winkler 300 G only Fix on site 4-£ Hours
FPhosphorus
Ortho-
gmph;.u. 50 PG Filter on site 24 Hrs
issolved Cool, 4°C
Hyd: Jlyzable 50 P.G Cool, 4'C 24 Mrs.
. H,;S0, 10 pli <2
Total 50 r.G Cool, 4°C 24 Hrs.
H,80, 1w pH <2
Total, 0 PG Filter on site 24 His
Diss. ‘ved Cool, 4°C
M,50, 1o pli <2
Silica 50 P only Cool, 4°C 7 Days
Sulfate 50 PG Cool. 4°C 7 Days
Sulfide 500 r.G 2 ml zinc 24 Hrs.
acelate
Sulfite 50 P.G Det. on site No Molding
400 Ospanics
. BOD 1000 rG Cool, 4°C 24 Hrs.
coD 50 PG H,SO, 1o pli<2 7 Days
Oil & Grease 1000 G only Cool, 4°C 24 s
H,S0, or 1ICI 10 pH <2
Organic carbon 25 PG Cool, 4°C 24 Hrs.
H,80, or HC) 10 pH <2
Phenolics 500 G only Cool, 4'C 24 Hos.

H,10, to pH <4
1.0 g CuSO/1]

250 PG Cool, 4°C 24 s
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X+3dp

X +2dp

><|

figure 1 Mecans control chart,
the abscissa is time,

X is mean, 0 = 0/Jn, the ordinate is concentration, and
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v 4+3d

X+2d

X-24d

X-3d

Figure 2 Individual results control chart. X I35 the known concentration (ordinate), o0 is the
standard deviatiorn, and the abscissa is the run number.
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Figure 3

Cont el chart fer measurement of background radiatien.
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The following additional information is provided within the appendices:

1.

Sﬂ&NN

Appendix 10.0.1
Appendix 10.0.2
Appendix 10.0.3
Appendix 10.0.4
Appendix 10.0.5

S*atistical Terminoloy ¢

Significant Figures

Errors Caused by Computational Processes
Radiochemical Statistics and Counting Data

Bibliography
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5. Visits to the laborau by UNC pérsonnel and outside individuals
must be arranged in advance with “e Enviromental Radiation

Department Manager, or in his absence, th  Environmertal Chemist.
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6.1.A.12.0 LABORATORY SAFETY

A.

PURPOSE

Laboratory safety can be effectively implemented only by ensuring
the proper use of the facilities and the personnel conduct in the
laboratory. UNC MMSI has provided at the South Morton office a
well-designed laboratory with the facilities and eqiipment necessary
to perfom the analytical work as required. To ensure the effec-
tive and safe use of these facilities, the laboratory safety pro-
gram encompasses ‘he following areas:

1. Personnel conduct

2. Proper use of equipment and chemicals

3. Training

4. Decontamination of facilities and personnel

5. Personnel monitoring

6. Personnel evacuation

The more specific safety precautions required by particular proce-
dures, chemicals, and equipment will be addressed within the indivi-
dual analytical and equipment operating procedures in which they are

used.

PERSONNEL CONDUCT

1. Persons working in the laboratory shall wear safety glasses and

a lab coat at all times; in addition they shall wear clothing
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and protective equipment dictated by the procedg;e beina pe:;ormed.
No lighted smoking materials shall be brought into or used in
the laboratory.
No person shall bring food or beverages into the laboratory.
No person shall use laboratory chemicals or glassware outside
of the laboratory except when immediate preservation of samples
is required in the field.
Laboratory clothing and protective equipment shall not be re-
moved from or worn outside the laboratory.
Protective equipment shall be maintained in proper condition
for use.
No chemical or sample shall be placed in a container without
first labeling the coi'tainer as to the contents.
No reagent container shall be left without a 1id securely in
place.
A1l persons working in the laboratory shall be fumiliar with
the locatiens and operation of the ey~ wash bottles, eye wash
stand and safety showers.
No apparatus or equipment shall be placed so as to restrict
access to the eye wash stand, safety showers, or exits.
Al) ajsles and doorways shall be kept free of obstructions.
Any person working alone in the laboratory shall do so only
after notifying the Environmental/Radiation Department

Manager or the Environmental Chemist and ascertaining that he
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or another authorized individual will be in the immediate area
and will make periodic checks of the laboratory.

. A11 persons working in the laboratory shall report all accidents
or injuries, no matter how minor, to the Environmental Chemist
immediately.

‘then two or more persons are working in the same laboratory area

they shall wear the protective equipment necessary to protect
them against the hazards of all analyses being performed.

. 15. Two or more incompatible analyses shall not be performed
simultanecusly in the same laboratory area.

16. A1l work involving volatile liquids or flammable liquids shall
be performed in a properiy operating fume hood.

17. A1l work which generates toxir or irritating fumes shall be
performed in a properly operating fume hood or with a fume
isolation system.

18. A1l work involving perchloric acid shall be performed only
in the perchloric acid fume hood which shall be cleaned after
each use.

19. To the extent practical, samples being analyzed outside of fume
hoods shall be covered.

. 20. A1l other persons in the laboratory shall be notified when an
individual intends to use an open flame or an electric heating

device outside of a fume hood.
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C. PROPCR USE OF EQUIPMENT AND CHEMICALS

1. A1l broken glassware shall be discarded in a clearly marked
receptacle.

2. Cracked glassware shall be discaded, and not used in the labora-
tory.

3. Em_.y chemical containers shall be rinsed, and the rinse properly
discarded, before disposal of the container.

4. Equipment shall not be used for a purpose for which it was not

. designed.

5. If an instrument or equipment malfunctions, it shall be turned
off immediately and the Environmental Chemist notified.

6. A1l instruments, equipment, and chemicals shall be properly

stored in their assigned locations when not in use,

D. LABORATORY TRAINING

Laboratory training is required for each individual working in the

laboratory regardless of previous background and experience. The

equipment avaiiable in the laboratory neces itates the use of

particular procedures in order to achieve the best analytical re-

sults. Therefore, the following training rules shall be enforced.

1. An analytical procedure shall have a detailed step by step instruc-
. tion which must be adhered to at all times when an cnalysis is

being performed,
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2. Instruction for the proper use of each 1nstrument will be given

by the Environmental Chemist.

3. The Environmental Chemist sha’l demonstrate to each individual
each analysis that will be performed, including the proper use
of all protective equipment as required.

4, After a procedure is demonstrated, the individual in tra‘ning
shall perform the analysis in the presence of the Environmental
Chemist.

5. The Environmental Chemist shall be present whenever the analysis
is being performed until such time as the individual is able
to perform the analysis in a proper manner.

6. The Environm ntal Chemist will certify in writing the individuals

ability to perferm the procedure without his direct supervision,

DECONTAMINATION OF FACILITIES AND PERSONNEL

The laboratory is subject to two (2) major types of contamination

which must be effectively controlled in order to provide qualiiy

analytical results and to protect the personnel and eouioment within

the laboratory. The types of contamination fall into the following

*"general catorgories.

1. Contamination from material introduced t~ the laboratory from
the outside.

This type of contamination is the more easily handled of the *wo
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and involves means of controlling the entry of contaminants. In the
case of individuals it involves having proper facilities to remove

contaminants before entering into tha laboratory.

Entry of contaminants into the facility by non-human means is con-
trolled by the installation of air filters on all air inlets to
prevent the entry of dust into the laboratory and by the availability
of purified water, free of contaminants. Both the air filters and
the water purificatiun system are checked at frequent intervals to

ensure continued efficiency.

Entry of contaminants by hunan means is in part controlled by the
security and access portion of this manual which allows ent.y of
authorized and trained indivivals. Additionally, the following
rules must be followed by those authorized individuals:

a. Persons entering the laboratory must wear uncontaminated
clothing and shoes.

b. In certain cases where the person has beer working outside
the laboratory and might be highly contaminated (eg. the
person had been collecting water samples and had becoie
covered with mud), use of the decontamination room located
outside of the laboratory and ckanging into clean clothes

will be required.
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Spe.ial adhesive vloor mats are provided at the entrances
to the laboratory to remove loose surface soil from the
soies of shoes.

Individuals who work both inside and outside t-2 laboratory
shal! keep suitable clothing available fer wearing when

werking in the laboratory.

2. Contamination from spills or careless handling of materials

within the laboratory.

To prevent contamination from within the laboratory, the rollowing

precautions must b2 observed:

A11 chemicals, standard solutions, and liquid samples shall
be stored in containers with tightly titting lids.

A11 containers should have clean exteriors and any leakage
should te removed.

A}l solid samples shall be stored in containers with tightly
fitting 1ids or in sealed plastic bags.

A1l spills of chemicals, standard solutions, and solid or
liquid samples ¢hall be cleaned up immediately using prooer
neutralization agents, cleaning solutions, and protective
equipment. The Environmental Chemist shall be notified nf
any spill.

A1l spills of radioactive materials, after prcper clean up

shall be monitored for the appropriate type of radiation.
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If the radiation exceeds background levels, further clean-
ing will be undertaken.

f. Tap water shall not be used for preparation of reagents,
dilution of samples, final rinse of glassware, or in any
other inst2nce where the contaminants present in tap water
might affect an analytical result,

g. Only reagert grade or better chemicals shall be used in the
laboratory, except in the few cases where reagent grade
chemicals are not commonly available.

Additionally, regular cleaning of laboratory work surfaces and equin-

ment shall be undertaken. Monitoring of work surfaces for radio-

active contaminants wiil b2 performed on a reqular basis.

In some cases where an accident has occurred it may be necessary

to decontaminate an individual. 1f the accident poses an immediate
threat to health or safety of the individual, actiuvi shou.d first

be taken to counter that threat cnd decontaminatio~ would become
secondary. If contamination such as by ¢ strong acid, is part of
the threat to health, removal o the contzminants is of primary im-
poitance. The following guidelines are design=d to achieve decon-
tamination; however, the procedures required are highly dependent

on tie circumstances of each individual case.
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to the health or sefety of the individual, the safety showers
and/or eye wach station should be used to remore the contami-
nation. Any affected clothing should be remow.d.

2. In the event of a spill or accident which is no* immediately
threatening but only poses a threat of the spread of contami-
nation to other work areas, the decontamination shower outside
of the laboratory may be used.

. 3. In the event of radioactive contamination of an individual, any
affected clothing should be removed and decortaminated thoroughly
or properly discarded and the individual should shower thoroughly.
The individual should then be monitored by any necessary means
to determine the effectiveness of decontaminatior and the amount,
if any, of material ingested.

In many cases contamination of samples and personnel can occur in

the routine operation of the laboratory through carelessness or

improper handling of materials. The training received, the safety

precautions in each analytical procedure, and design of the labora-
tory facilities should largely eliminate this type of contamination.

There are, however, several rules which can aid significantly in

reducing contamination.

1. Rubber gloves should be worn whenever pract:.cal and should be
thoroughly washed and dried whenever they come in contact

with samples or reagents,
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2. The mui o should not be used to hold objects such as pens and
pencils,

3. Pzns and pencils should not be placed on work surfaces where
samples or reagents might contaminate them.

4 Glassware shall be washed immediately prior to use.

5. Glassware shall not bemoved from room tc room within the labora-
tory except when required by the analysis.

Laboratories 1lso have the potential to spread contamination through

chemicals or fumes outside the laboratory area. The laboratory

design, with proper fume hnods and a separate ventilation system,

effectively controls the non-human spread of contaminants. Sever:l

regulations are required to prevent the possible spread of contami-

nation outside of the la*.ratory by personnel.

1. Laboratory coats shall not be removed from the laboratory or
worn outside of the laboratory.

2. Laboratory chemicals, glassware, and equipment shall not be

removed from the laboratory.

PERSONNEL MONITORING

Due to the nature of the samples and radioactive standards present
in the laboratory, it is necessary to monitor the exposure of all

personnel in the laboratory. It is also necessary to monitor the
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potertiai incestion of radioactive and other materials by iaboratory

personnel. Therafore, the follcwing rules will be enforced.

1. A1l laboratory personrel shall wear TLD badges at all times
when in the laboratory area. These badyes will be read on a
quarterly basis. An indivicual's results and an »valuation of
thei significance will be made availahle to that individual on
request.

2. A!" laboratory personnel shall submitaurine sample for alpha
an. gross beta minus K-40 analysis on a quarterly basis. /An
individual's results and an evaluation of their significance
will pc 1ade aveilable to that individual on request.

3. In the event of @ sushected ingestion of radioactive materials,
the individual shall provide urine samples as required to deter-
mine the extent of the ingestion and exposura.

4. In the event of a suspected ingestion of non-radioactive .terial,
the individual shali be monitored closely until the potential oroblems

are eliminated.

PERSONNEL EVACUATION

It may. at some iime, become necessary to evacuate personnel from the
laboratory area due either to the release of a hazardous or irritating
chemical or tc a fire. In the event of the release of a chemical the

following shall be dene:
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A1l persons shall leave the laboratorv by the nearest exit
closing the doors behind them.

The Environmental Chemist shall ensure that no individual
remains in the lavoratory.

A1l laboratory personnel shall proceed to a designated area

and remain there until released by the Environmental Chemist.

If the nature of the chemical warrants, all electricity to

the laboratory shall be shut off at the circuit breakers.

Thé Environmental Chemist shall initiate and direct the required

clean up procedure.

In the event of a fire, the following shall be done:

1.

If the fire is small and localized, the individual shail
extinguish the fire using a dry chemical or a carbon dioxide
fire extinguishe * Water shall not be used to fight fires.

If the fire is elec.. cal, the affected equipment shall be
turned off if possible. If the eauipment cannot be turned off,
the individual shall turn off the related circuit at the cir-
cuit breaker panel outside the laboratory. The fire may be
extinguished using eiticr a dry chemical or & carbon dioxide
fire extinguisher,

The Environmental Chemist should be notified as soon as practical

after the start of a fire.
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Regardless of the size of the fire, all persons not directly
involved with the laboratory should leave the laboratory area

and proceed to a designatad area. One person should notify the
Environmental Chemist.

The Environmental Chemist shall ascertain that all persons are

out of the laboratory, and shall initiate and direct fire fighting
procedures.

Fire fighting procedures shz1ll be continued on a limited basis
even though the fire cannot be extiagui hed or contained with the
equipment available.

As soon -5 possihle after the start of a fire, fhe Safety Dzpartment

and the Project Manager shall be notified.
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6.1.A.13.0 CARE AND HANDLING OF ZALIBRATED SOURCES

There are two types of calibrated sources available in the laboratory:

electroplated sources and foili-covered sources. The care and handling

of each is similar but there are important differences as outlined in

the following:

1. A1l sources should be handled only by their edges Avoid touching
the active surface.

2. Electroplated sources may be cleaned with a]coﬁo] and very light
wiping with a cotton swab.

3. Foil-covered sources should not be cleaned except with a low pres-
sure stream of air due to the extreme fragility of the foil covering.

4 Al sources shall be checked for ieakage on a quarterly basis using
the folloi'ing procedures:

a. Gently wipe the surface of the source with a two-inch diameter
filter paper moistened wit!, alcohol. (Avoid touching the foil
portion of a foil source.)

b. The filter paper shall then be counted for the appropriate type
of radiation.

¢. If the source shows leakage, it shall be placed in a sealed
plastic bag. The manufacturer shall be ccntacted and the
source returned for disposal by the manufacturer. The manufac-
turer's packaging and shipping instructions will be followed.

d. If no leakage shows, the source shall be considered acceptable.
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e. The source check form shall be filled out each time a leakage
test is per formed.

A1l sources shall be stored in the storage rontainer supplied by

the manufacturer when not in use.

Authorization to use a source must be obtained from either the

Environmertal/Radiation Manager or the Environmental Chenist.

Whenever a source is removed from storage, all information in the

source 1og book must be filled out. (See sample page attached.)

Sources shall not be removed from the laboratory.

Sources shall not be carried on one's parson.



Section Name Environmental/Radiation

Policy/Prccedure _ 6.1.A.13.0

@ Page 3of 4

s Date Issued April 1, 1981
Supersedes . New ]
. ’, 7 ‘;T- b /’/' ,
approvED __ (7 ) )
() ‘)// .

SOURCE LEAKAGE TEST FORM

Source ldentification.
Isotope(s):
Serial No.
Activity

Date leakage test performed: By: LTI

Swipe Filter Information

Instrument Used:

‘ Instrument Backoround: cpm
Instrument Efficiency:
Gross Sample Count: cts
Sample Count Time: minutes
Gross sample cpm (Gross sample counts/counts time): cpm
Net Sample cpm (Gross sample cpm-background cpm): com
Net Sample dpm (Net smaple cpm/instrument efficiency): dpm

Source acceptable, retained in service.

Date Signature

Source unacceptable,

Disposition of source:

Date Signature




Source Indentification
Jsotope(s):
Serial No:
Activity:

Active Diameter:

' Date Used By
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RADIOACTIVE. SOURCE_LOG

Purpose of Use

Date Returned By
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6.1.A.14.0 ORDERING RADIOACTIVE STANDARD SOLUTIONS ~

In accordance with its By-product Materials License, .. e laboratory is
restricted in the quantity of radioactive maierials it may have in
possession. Futhermore, certain minimum info:mation must be obtained
from the supplier in order to ensure effective use of the radivisotopes.
The following steps are, therefore, required in ordering Racioactive

Standard Solutions:

1. Determine the amount of particular isotope currently on hand.

. 2. Subtract the amount on hand from the amount allowed by the license
to determine the maximum amaunt which may be ordered.

3. The quantity desired may then be ordered only from a supplier who
agrees to provide the ~!lowing information with the solution in
the form of 2 calibration certificate:

a. A description of the solution
1. Principal Radionuclide
2. Mass or Volume
3. Chemical Composition
b. Reference time and date
c. Activity per gram of solution (measured)
d. Measurement method
‘ e. Statement of purity
f. Decay information

0. Estimate of error
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Upori receipt of the solution,it should be checked to ensure nroner

labeiing of the contents and stored in the radioisotope storage
cabinet until use.

The certificate of calibration shall be filed in the radiocactive
solution file.

A page shall be opened in the radioisotope solution log book for
recording the receipt of the solution and its dilution. (Sze
procedure for dilution of Radioactive Standard Solution.)

A UNC solution number shall be assianed by the Environmental Ciemist.
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6.1.A.15.0 DILUTION OF RADIOACTIVE STANDARD.SOLUTIONS

A. SAFETY REQUIREMENTS

| 9

™~

- W

A1l dilutions shall be performed in the radiochemistry fume
hood.

Rubber gleves shall be worn at all times.

No pipeting by mouth shall be performed.

A11 glassware shall be kent isnlated until properly decon-
taiiinated.

The empty concentrated solution container shall be properly
discarded as radioactive waste.

A1l necessary reagents shall be prepared and standardized in

advance.

B. QUALITY CONTROL AND QUALITY ASSURANCE

1.
2.
3.

Only reagent grade materials may be used.

Only high purity deionized water may be used.

The following forms should be complete and available before
dilulion:

a. Authorization and instructicn form

b. Certificate of calibration (from supplier)

¢. Diluticn worksheet

The above forms must be filed appropriately upon completion.
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DILUTION OF RADIOACTTYE_STANDARD SOLUTIONS

Virtuilly all radioactive solutions which will be used by the lab-
oratory are supplied in concentrated forms in order to simplify
shipment and enhance iong term stability of the sclution. For use

in the laboiatory, it is necessary to dilute the concentrated

solution to convenient working level. The following procedure shall

be followed in the dilution of Radioactive Standard Solutions:

1. No laboretory personnel may dilute a concentrated Radioactive
Standard Solution without written authorization and instruction
from the Environmental Chemist.

2. A1l glassware shall be class A and shall be thoroughly cleaned
before use.

3. The storage container shall be thoroughly cleaned before use.

4. A1l glassware and utensils used shall be thoroughly decontami-
nated after use.

5. The solution used for dilution shall be compatible with the con-
centrated standard solution.

6. The diluted solution shall be calibrated before use in accordance

with the Standard Solution Calibration procedure.

7. See the attached worksheet for calculation of the dilution re-

quired.
8. The completed worksheet shall be fi]ed‘in the radioactive solu-

tion file and a copy filed in the solution log book.
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WORKSHEET-DILUTION OF KADIOACTIVE STANDARD SOLUTIONS

Standard Solution Identification

Supplier:

Isotope:
Stated Activity: wCi = pCi = dpm

Stated Volume:

Solution Composition:

UNC Solution Ne.:

. Dilution Calculetions:

Concentration Desired: pCi/ml = dpm/m1

Stated Activity in dpm:

Stated Volune: ml

Stated activity in dpm/m (**/Volume in ml): __ s

Yo determine the total volume to which the seo'uti-n sh._uid be
diluted the following equation is solved:

Volume riquired (ml) = Stated activity (dom/ml X Stated Volume (ml)

Concentration desired (dpm/ml)

This volume may not be a convenient volume for dilution and it
should be checked to determine whether a convenient volume may be
used in which case the following formula is used to calculate the
diluted concentrat

Stated Activity (dom/ml) X Stated Velume (ml)

Juted jor (dp = o
Diluted Concentratior {(dpm/ml) BTTeted Volume ToT)

Calculated diluted concentration: dpm/m] = pCi/ml

Date Signature
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6.1.A.16.0 CALIBRATION OF DILUTED RADIOACTIVE STANDARD SOCUTIONS

There are several sources of error in the preparation of diluted stan-
dard solutions which make necessary a very careful calibration of the
solution after preparation. Sample dilution errors are unavoidable even
with the best techniques and equipment. The calibration of the con-
centrated solution is rarely carried to enough figures to allow accu-
rate calculations of the diluted activity. Complete transfer of the
concentrated solution out of its container cannot be assumed. All these
. possible sources of errors necessitate the calibration of the diluted
working solutions which shall be performed according to the following
procedures. The particular = cedures used will depend on the parti-
cular isotope. A listing of isotopes and procedures to be used for
eac!: ‘. attached. At least two different procedures should bu used

for c«.h isotope when possible.

A. PLANCHETTING AND CALIBRATING BY ALPHA PROPORTIONAL COUNTER

1. A minimum of three separate calibration samples should be usea.

2. Clean three 2" planchettes with alcohol to re ove grease and
dirt.

3. Label each planchette.

. 4. Place the planchettes in a desiccator for a minimum of four

hours or overnight.
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Remove from desiccator and weigh. Record the weight on the

calibration worksheet.

Using a Class A pippet, place 1.0 ml of solution on each plan-
chette. Record the volume used on the work sheet.

Dry the solution under the heat lamp. (Polonium should be
allowed to air dry).

When dry place the planchette in a desiccator for a minimum of
four hours or overnight. _

Remove from the desiccaior and weigh. Record the weight on
the worksheet.

Count each sample for a minimum of 12 liours and record the re-
sults on the work sheet.

Determine the instrument efficiency for the weight of sample
on the planchette from the instrunent alpha attenuation graph.
Record on the worksheet.

Calculate the activity in accordance with the instructions on
the worksheet.

Complete the worksheet and file it in the diluted radioactive
solution calibration f le.

Note: Background count time should be the same as sample count

time.
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B. PLANCHETTING AND CALIGRATING BY LOW BACKGROUND BETA COUNTER

10.

1.

A minimum of three sepavate samples should be used.

Clean three 2" planchettes with alcohol to remove grease and dirt.
Label each planchette.

Place the planchette in a des’ccator for a minimum of four hours
or overnight.

Remove from desiccator and weigh. Record .ne weight on the
calibration worksheet.

Using a Class A pipet, place 1.0 ml of solution on each pian-
chette. Record the volume used on the worksheet.

When dry, place the planchettes in a desiccator fci a minimum

of four hours or overnight.

Remuve from the desiccator and weigh. Record the weighr on the
worksheet.

Count eac!: sample for a minimum of 12 hours and record the results
on the workshert.

Determine the instrument efficiency for the weight of sample on
the planchette from the instrument beta atteruation graph.

Record on the worksheet.

Compute the activity in accordance with the instructions on ihe

worksheet.

b
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Complete the worksheet and file it in the diluted radioactive

solutions calibration file.
Note: Background count time should be the same as sample count

time.

ELECTROPLATING AND CALIBRATTION BY AL.’HA SPECTROMETER

A minimum of “hree separate samples should be used.

Label three 1" stainless steel! discs using the carbide pencil.

Assemble the discs intc the electroplating cells.

Clean thoroughly with acetone and cctton swab.

Add 1.0 ml of solution to each plating cell.

Add plating solution to the cell to fill. The following plat-

ing solutions shouid be used.

a. For Thorium - 1% W/V Ammonium Oxalate in deionized water
with 1 ml of 4N Hydrochloric .cid. Plate at 210 mA.

b. For Uranium - 1:1 solution of 1IN HNO, and IN NH,OH. Plate
at 300 ...

The samples should be electroplated for a minimum of six heurs.

Additional electroplating solution should be added as required.

When electroplating is complete add 1 drop phenolphthalein sol-

tion and 1% Nh40H until a red color appears ia the electroplating

cell.
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Attach 211 results to the worksheet and follow the instructions
to complete the solution calibration.
Note: Background count time should be the same as sample count

time.

D. CALIBRATION BY RADON DE-EMANATION  (for Ra 226)

1.

This calibration should be performed with a minimum of three
samples. |

Prepare a radon counting system in accordance with the Ra 226
procedure for each sample,

In a clean beaker containing 5 ml of 3N nitric acid, place 1.0
ml of Ra 226 solution using a class A pipet.

Transfer the sample to a radon bubbler using a minimuw of 7 ml
of distilled water.

Proceed as in the Ra 226 analysis procedure being sure to re-
cord all the times and dates required on the calibration work-
sheet.

When the ingrowth period is complete #nd the de-emanation is
complete, count the Lucas Cell for a minimum of 12 hours and
record the results on the calibrations worksheet.

follow the instructions on the work sheet to complete the cali-

bration.
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E. CALIBRATION BY DEPOSITION FROM ACID SOLUTION ( Polonium and !=ad)

1. This procedure should be performe& with a minimum of three
samples.

2. Prepare nickel discs for each sample by labeling each using the
carbide pencil and spraying the labeled side with shellac.

3. Mount the disc in an electrode holder.

4, Polish the exposed surtace with 0.1 micron gamma alumina
polishing cloth,

5. Prime the disc by suspending in 0.5 HC1 for five minutes.

6. Add 1.0 m1 of the solution to 50 ml of 3.0M HNO; in a 125 ml
Erlenmeyer Flask.

7. Place a magnetic ~tirring bar in the flask and place on a mag-

netic stirring plate.

8. Add 2 ml ov 40% W/V citric acid and 2 m1 of " ‘droxylamine
hydrochloride to the sample solution.

3. Suspend the nickel disc in the solution and allow the sampls
to plate for 1 hour with the stirrer running at a speed low
enough to prevent splashing.

10. Remove the disc from solution and rinse with deionized water.
Allow to dry.

11. Count the sample for a minim ) of 12 hours in the alpha spectro-

. meter and attach the results to the calibratinn worksheet.
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12. Follow the instruction on the calibration worksheet to compiete
the calibration.
Note: In some instances more specialized calibration
procedures may have to be used to correct for
ingrowth. As these instances arise, procedures

shall be written and approved before calibration

begins.
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RECOMMENNED CALIBRATION PROCEDURES

Standard Solution

Th-228
Th-229
Th-230
Th-23Z
Nat U
Depieted U
u-232
Po-208
Po-210
Ra-226
Ra-228
Pb-210
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Calibration Procedures

Ry £

1. Ra-226 calibration by alpha proportional counter requires

additional steps which are not listed in the procedure.

2. Pb-210 calibration may be performed by analysis of the Po-210

whicn will be at equililrium if the solution is greater than

30 days old.
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Calculations: Activity and codnting error at the 95% confidence level.

The following equation will be used to calculate the activity of each

sample.

Where
S’= Sample aross cpm
B = backoround cpm

sample aliquot in ml

<
i

TS = sample count time

-
"

B background count time

m
"

instrument efficiency for the sample of interest

e"xt/Tk = radioactive decay equation

t = time from the midtime of counting of the first sample to the midtime

uf countir~ of the sample of interest.

1’,s = hal{ life of the isotope of interest
A = corstant = log 2.
Noie: The expression e-xt/T15 will only contribute significantly when the half

life of the isotope is short, as in the case of Po-208.
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UNC Lab Soiution No.: dpm/m] + dpm/m1

falculations:
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Sample No. B e T B e e S _____dpm/m]

Calculation:

O i LA T PN W - Rl __dpm/ml 4 MR T A ST - L

Calculation:

4. Calculatien of solution activity from the three samples

The best determination of sample activity uses the following equation:

o) 2
i iloi

*Best = ——-
).i/ai

L}

Khere Xgost the average value of the solulion concentration

x5

"

the individual sample concen'retion

the standard deviation of the individual value.

"

b

The best determination of the standard deviation uses the following cquation:

2y
“Best = (; et')
Calculation:
LD SNt ion B, o e
Calibvated Activity = ____dpn/ml + 0 ___dpn/m

pate and time of calibration

Signature _ bate ___ ey B




Channel of peak of interest: Start channel
Stop channel
Detector Background over peak of interest:

ninutes = cpm.

Sample count over peak of interest:
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cts/ minutes =
hrs. date
2 W date
hrs. date

The midtime of counting of the first sample is arbitrarily t =

3. Calculations, activity and counting error at 95% confidence level.

The following equation will be used to calculate the activity of

each sample:

(=9
=
3
"
™m
-
[g+]

1
-
ot
-

atct

+

where
S = sample gross cpm
B = background cpm
V = sample aliquot in ml
TS = sample count time

TB = background count time in minutes

% = radioactive decay equation

(g
"

1.96/S/T + B/T

EVe'At/T%

time from the midtime of counting of the first sample to the midtime
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of counting of the sample of interest
T;5 = half life of the istope of interast.
A = a constant = 109102

-t/7

Note: The expression e Y

//

will only contribute sianificantlyv when

the half 1ife of the isotope is short, as in the case of Po

208.

UNC Sample Solution No.:

dpm/m1 +

dpm/m1l

talculation:



UNC Lab Solution No.:

Jsotope(s):
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SOLUYION CALIBRATION MORKSHEET

Caliorated fctivitv:

Note: & separate worksheet shall be used for each istope of a multi-isotope

solution.
1. ml used for each sample:
2. Counting Data:
Instrument wsed:

- ———

Sample Ho.:

Detector Used:

Detector Efficiency:

Channcls of peak of interest: start channel __ stop chamnel
Petector Background over peak of interest: cts/ ___minutes =
cpm,
Sample counts over peak of interest: _ °  ets/ minutes __ cpm
Sample No.: Dar =
Petector Used: oyl
Petector Efficiency: AT
Channzls of peak of interest: start channel __ _ stop channe) _
Detector background over peak of interest: ____ _ _ cts __minutes =
v cpm,
B Sample counts over peak of interest: . ¢cts _ minules ®
cpm

Sample No.:

Detector Used:

petector Cfficiency:
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Calculation:

6. Calculation of solution activity from the three samples

The best determination of sample attlivity use the following fornwula:

B Xpqil

X
Best = S e o
’ -
4 1,0'.(.
the averace value of the solution concentration
the individual samdle concentration veiue
the stendard deviation of the individual value

ol X
where Bast

:i
i

noeon

The best determinaticn of the standard deviation uses the fc)lewing forula:

o o 2.-%
Cest (ri 1/s,%)

Calculation:

URC Lab Solution Ko.: -
dpm/ml +

Calibrated activity » _dpn/ml

Bl Bl i B B B O s i st

A Ll ol T BRI SO0 s e
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6.1.A.17.0 STORAGE, USE, AND HANDLING OF RADIGACTIVE STANDARD SOLUTIONS

The radioactive solutions present in the laboratory will be generally
of two types: the concentrated solution as received from the supplier,
and the diluted solutions for laboratory use. The following rules
shall be auaered to at all times:

1. The concentraiad solutions shall be stored in a lTocked cabinet in
their original - ~ntainers until their specific use.

2. When needed, the concentrated solutions will be diluted to working
concentrations by the Environmental Chemist in accordance with the
Radioactive Tolution Dilution Procedure.

3. Laboratory personnel shall not dilute the concentrated solutions
without specific written authorization and instruction from the
Environmental Chemist. (See attachment)

4. Diluted solutions shill be stored in a locked cabinet in Teflon ¢~
polyethylene bottles having a maximum size of one liter.

5. Authorization to use the solutions must be obtained from the Environ-
mental/Radiation Department Manager or the Euvironmental Chemist.

6. The person using a solution must fill out the Radioactive Solution
log book each time a solution is used. (See attached sheet)

7. The solution must be returned to storage immediately after use.

8. Each diluted soluton will have a labeled pipet of the proper size

which shall be used exclusively for dispensing of that solution,
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RADIOACTIVE SOLUTION LOG

UNC Solution No.:

Isotope(s):

Calibrated activity:

FessTeE=arinotion:

Volume
_Purpose Before Use

Volume Volume
. Used  Returned
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is specifically authorized to dilute

the below indentified Radicactive Solution in accordance with the in-
structions given below and in accordance with the Radioactive Solution
Dilution Procedure Manual.

Date ___ Signature

Solution Identifcation:

Supplier:

Isotope:

Stated Activity:

Stated Voume:

Serial of Lot No. (if any):

Solution compotition:

UNC Solution No.:

Dilution Instructions:

Diluted Volume (Volume of Concentrated sample § diluting liguid}:

Dilute with:

Store in:

Labeling of storage containers:

Isotope:

Activity per ml (calculated):

Activity per m1 (from calibration):

pate of calculation:

UNC Solution No.:
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6.1.A.18.0 PREPARATION AND STANDARDIZATION OF REAGEN%%

The analytical procedures used in the laboratory require the use of di-

luted reagents of known concentrations. These reagents must be prepared

from concentrated stock reagents. The specific reagents used in each
analytical proceudre will be listed in the procedure minual. however,
it is helpful to know the concentration units employed ard how to pre-

pare and standardize certain types of reagents.

. A. CONCENTRATION UNITS

1. Percent by weight - The percientage given refers to the solute
(the portion being dissolved). Example: 5 percent aqueous NaCl
solution contains 5 percent, by weight, sodium chloride, the re-
maining 95 percent being water.

2. Percent by volume - Used to express the concentration of a solu-
tion of two liquids.

3. Molarity (M) - Moles of solute per liter of solution.

4. Normality (N) - The number of equivalent weights of solute per
liter of solution.

5. Additive volumes - (a + b), the first number , a, refers to the
voiume of concentrated reagent; the second number, b, refers to
the volume of distilled water required for dilution. Example:

. "1 + 9HCL" denotes 1 volume of concentrated HC1 to 9 volumes
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of water. Additive volumes are sometimes expressed as a: b

rather than a + b.

PREPARATION OF REAGENTS

1.

A1l reagents shall be prepared using reagent grade chemicals and
high purity water.

If a solution of exact normality is to be prepared by dissolving a
weighed amount of a primary stancard or by diluting a stronager
solution, bring it up to exact volume using a Class A volume-
tric flask.

If the concentration of a solution does not need to be exact,

it is easier to mix the concentrated solution or the solid

with measured amounts of water using graduated cylinders.

When preparing acid or alkali solutions add the acid or alkali
to the water, with stirring, in a vessel which can withstand
thermal shock. Dilute to the final volume after cooling to

room temperature.

STANDARDIZATION OF REAGENTS

1.

For the dilution of most solid material, adequate standardi-
zation is obtained by careful weighing of the solid on an anal-

ytical balance anc the use of Class A volumetric alassware in
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in the dilution.

2. For the dilution of acids and bases, whose concentrated forms
are of variable concentration a more complex procedure is
required. A dilute acid and dilute base whose concentrations
are well defined must first be prepared. The unknown acid
may then be standardized by measurement of its ability to
neutralize the known base and the unknown base may be standar-
dized by its ability to neutralize the known acid. The procedure
is as follows.

a. Prepare a quantity of Certified Potassium Hydrogen Phthalate
Acidimetric Standard by lightly crushing and heating in an
oven at 120°C for 1 hour. Allow to cool in a desiccator.

b. Weigh out 20.423 grams of th. Potassium Hydrogen Phthalate
on the analytical balance and record the weight to four
gecimal places. The weight need not be exactly 20.4230
grams .

c. Dilute the acid to 1.0 liter using a Class A volumetric flask
and high purity water.

d. Mix the solution well and transfer to a clean glass bottle.

e. Calculate the Norma'ity of the solution using the following

formula:
0= arams used

2n04.23 g/eaquivalént weight X 1 liter
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In this ca: ¢ the Normalily will be approximately 0.1N

f. Label the bottle with the contents and the concentration.

g. This solutict represents the primary standard for determining the
concentration of basic solutions. The determination of the con-
centration of a base is as follows:

1. Prepare the basic solution as instructed in the procedure
manual. This will result in a solution of the nominal con-
centration specified.

Take a quantitiy of this solution that would be neutralized

by approximately 20 ml of the Potassium Hydrogen Phthalate

Solution and place in a clean beaker.

Standardize a pH meter and place the electrode in the beaker.

Fill a fifty milliliter burette with the Potassium Hydrogen

Phthalate Solution.  (KHP)

Titrate the base to the pH 7.0 endpoint and record the vol-

ume of KHP solut on used.

Calculate the concentration o the base by the following

formula: N
NBase = TKHP

vBase

Label the base appropriately.
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h. To standardize an acid solution a solution of approximately
0.1IN Sod: m Hydroxide is prepared and standardized as abow

This base is now used to standardize the acid solution.
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6.1.A.19.0 EQUIPMENT MALFUNCTION PROCEDURE

This procedure and attached form are for the reporting of malfunction
and necessary repairs in laboratory equipment such as hotplates and
other apparatus whichare used i the performance of analyses but which
do not directly generate analy’.ical data. For those instruments which

generate data the instrument malfunction procedure should be followed.

If an apparatus malfunctions or breaks down it shall immediately be re-
moved from service. A tag shall be attached, indicating that the appa-

ratus has been removed from service and may noi be used.

The attached form must then be filled out and submitted to the Environ-
mental Chemist. The corrective actions taken must be entered on the
form along with the result of those actions. The apparatus must then

be checked for proper function. If function is acceptable,the apparatus

may be returned to service.

Copies of the malfunction report shall be filed in the equipment mal-

function file.
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EQUIPMENT MALFUNCTION REPORT

Equipment

Serial Nc. or Morton Ranch No.

Location of Equipment

Instrument Removed from Service and Tagged Date __

Signature

Description of Malfunction or required repair work:

Date Reported:

Signature:

Corrective Action Taken:

Date

Signature

Systems Checks Perfurmed:

Date

Signature

Date Returned to Service

Signature
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6.1.A.20.0 INSTRUMENT MALFUNCTION PROCEDURE

This procedure is applicable to those laboratory instruments which di-
rectly generate analytical data and whose proper function can be tested

by defined system checks.

In the event of a malfunction of a laboratory instrument, it shall be
removed from service. A tag shall be attached indicating that the

instrument has been removed from service and may not be used.

The attached form must then be filled out and submitted to the Environ-
mental Chemist who will initiate corrective action. Do not attempt
any correctiveactionuntil instructed to do so by the Environmental

Chemist.

The corrective action shall be recorded on the form. If corrective
action is taken by a manufacturer service representative, a copy of his

repair report shail be attached to the malfunction report form.

After corrective action has been taken, relevant system checks must

be performed before the instrument can be returned to service.
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Copies of the systems check should be filed with the malfunction report
in the instrument malfunction file and copies of the malfunction repurt

should be filed with each systems check in the riles for the instrument.
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INSTRUMENT MALFUNCTION REPORT

in trument

Serial No. or Morton Ranch No.

Location of Instrument (Room No.)

Instrument Removed from Service and Tagoed date

Signature

Description of malfuntion:

' Date Reported:

Signature

Corrective Action ‘aken:

Date:

Signature:

Systems Checks Required:

) Date Signature _ ==
2. Date Signature _

3 Date L Signature

4, Date Signature

5 Date Signature

Date Insturment Returned to Service - Sionature
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6.1.A.21.0 SAMPLE PREPARATION # ¢

A. PUPROSE
To provide instructions for preparir; . mples for either instru-

mental or chemical analysis.

B. SCOPE
This procedure details preparation methods for all sample types re-

quiring any treatment. Any other sample type is analyzed as received.

C. RESPONSIBILITIES

It is the responsibility of the Environmental Chemist tu ensure that
this procedure is followed by the analyst and to evaluate the re-

sulting data.

It is the responsibility of the analyst to follow this procedure
and to report any abnormal results or problems to the Environmental

Chemist.

D. RECORD KEEPING

The analyst must enter in the sample preparation log book all weigh-

ings and must initial his entries to indicate that the procedure
. from the manual has been followed without deviation. The analyst

must also enter all required information on the sample worksheet

which shall then be attached to the anaylsis request sheet.
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SAFETY

Safety glasses are required. The jaw crusher and sample grinder
should be in proper working order. A1l loose clothing and jewelry
(such as ties or necklaces) should be removed or restrained to pre-
vent their catching in the equipment. Long hair should be tied back.
Do not place hands in the grinders or open the grinders while

in operation.

QUALITY CONTROL

The balance shall be checked before use and the proper portion of
the worksheet filled out. A1l utensils, containers, and equipment
shall be thoroughly cleaned before and after use. Oven temperatures

shall be recorded in the 1o~ book.

SAMPLE PREPARATION

1. Soil, Sediment, and Rock
a. Place the sample in a tared stainless steel pan. Weigh and
record the sample Wet Weight.
b. Place the pan in a drying oven for roughly 16 hours at ap-
proximately 110%.
c. Turn oven off and allow to cool. Remove the sample and check

to see if it is completely dried. If it is dry, allow the
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sample to cool to room temperature. If the sam.le is not

dry return it to the oven and continue heating until dry;

then cool.

d. Weigh and record the Dry Weight.

e. Grind the sample to approximately 6.5 mesh. Weigh and re-
cord the Ground Dry Weight.

f. Transfer the samp1e.to a crucible or crucibles and place
in a 500°C muffle furnace for rouchly 16 hours.

g. Reduce the furnace temperature to roughly 100°C before
attempting to remove the sample.

h. Remove the sample and al’low to cool to room temperature.
Weigh and record the Ash Weight.

Vegetation

a. Place the sample in a tared stainless steel pan. Weigh and
record the sample Wet Weight.

b. Place the pan in a gravity convection drying oven for
roughly 16 hours at approximately 110°C.

¢. Turn oven off and allow to cool. Remove the sanple and

check to see if it is completely dried. If it is dry,
allow the sample to cool to room temperature, If the sample
is not dry, return it to the oven and continue heating

until dry; then cool.
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e. Transfer the water to a clean, dry container. This
represents the dissolved portion of the sample.

f. Proceed to tn> desired analyses.

H. RELATED OPERATIONS MANUALS

1. Jaw Crusher

~n
.

Pulverizer

Cutting Mill

w

E=4

Sieve Shaker

Forced Air Drying Oven
Gravity Convection Drying Oven
7. Muffle Furnace

8. Filtering Equipment
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SAMPLE PREPARATION WORKSHEET

Laboratory Sample Preparation:
Balance Check:

Balance Used:

Known Weight Used:

Balance Reading:

. Sample Wet Weight:

Sample Dry Weight:

Ground Dry Weight:

Ash Weight:

Comu.ents:

. Analyst:

Date:
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| 38 CALIBRATION OF LUCAS CELLS

A. PURPOSE

To provide an analytical procedure for the calibration of Lucas Cells.

B. SCOPE
App icable to all Lucas Cells.

C. RESPONSIBILITY

. It is ihe responsibility of the Environmental Chemist to ensure
that this procedure is folloeu by the analyst and to evaluate the

analytical results.

It is the responsibility of the analyst to follow this procedure
and to report any abnormal re. 'ts to the Environmental Chemist.
The analyst must sign the labur.tory worksheet in the appropriate

location to indicate that the procedure has been followed without

deviation.

D. REAGENTS
1. Nitric Acid - concentrated, reagent

2. Ra 226 - Standard solution 100 pCi/ml. Traceab.e to National

. Bureau of Standards.
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E. PROCEDURE
1. Add 1 ml of the 100 pCi/ml Ra 226 standard to an aporopricte
sample size for the type of sumple to be analyzed and proceed
with the Ra 226 method for that type of sample.
2. After counting the radon, calculate the scintillation cell

factor.

D. CALCULATION

1. Cell Factors = cpm at equilibrium
pCi of Standard




UncC MmininGg AND MILLING SERVICES, INC.

Section Name Environmental/Radiation
" Policy/Procedure 6.1.A.22.0
-~ Page 1 of 9
Date Issued __ April 1, 1981
Supersedes ~New -
APPROVED e i

' r

6.1.A.22.0 GROSS ALPHA AND GROSS BETA DETERMINATION

A. PURPCSE
To provide an analytical method for the determination of gross alpha

and gross beta activity in environmental samples.

B. SCOPE
This analytical procedure appliies to the analysis of all routine

environmental samples.

C. RESPONSIBILITIES

It is the reponsibility of the Environmental Chemist to en-cure that

this procedure is followed by the anaiyst and to evaluate the results.

It is the responsibiliby of tie analyst to follow this procedure
and to report any abnormal results to the Environmental Chemist.
The analyst must sign the laboratory worksheet in the appropriate
location to indicate that the procedure has been followed without

deviation.

D. SAFETY

. Safety glasses required.
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E. QUALITY CONTRCL

A minimum of one duplicate, one spike and one blank are to be analyzed
with each 10 samples in a sample run. If a sample run cunsists of
fewer thin ten samples, one duplicate, one spike, and one blank

shall he analyzed.

F. PROCEDURE
1. Reagents
a. None
2. Determination for Water
a. Measure the conductivity of the sample.
b. Estimate the solids content of the wate.. For most samples

the conductivity times 0.8 will estimate the approximate

solids content in milligrams of solids per liter of solution.

c. Determine the volume of water that contains less than 150
mg of solids. The selected volume is never to be greater
than 500 ml.

d. If the volume containing 150 mg of solids is very small, an
aliquot of the sample should be diluted sufficiently to give
250-500 m1 volume for analysis.

. e. Measure the selected volume into a beaker,

f. Record the volume of the sample taken end dilution information.

Evaporate the sample to near dryness.
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g. With deionized water, transfer the concentrate to a tared
planchette. Using a rubber policeman, wash the beaker
walls with a few drops of deionized water,

h. Combine the washings with the concentratc in the planchette
and evaporate to near dryness.

i. Allow to cool and place in a desiccator for a minimum of
2 hours. Weigh the planchette.

j. Store the sample in a desiccator until it is to be counted.

k. Count the sample for alpha and/or beta in either a propor-
tional counter (alpha) or a low-background counter (beta or
alpha/beta).

1. Calculations are performed as described in the calculations
section of the manual.

Solid Sample Determination

a. After the sample has been dried and ashed in a muffle fur-
nace, a 1 gram aliquot shall be weighed into a planchette.

b. Distribute the ash evenly and spray lightly with Krylon.

c. Store the sample in a desiccator until it is to be counted.

d. Count the sampie on a low-background counter for alpha and/
or beta activity.

e. Calculations are performed as decc+ibed in the calculations

section of the manual.
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WATER CALCULATIONS

Activity and error at the 957 confidence level.

N
Gross alpha or agross beta (pCi/1) =Y%7%V§7—§“22 h _ligﬁ LA I gﬁgllg
S " S .

where
A = Alpha or beta count rate (cpm)
B = Background count rate (cpm)
TA = Sample count time

TB = Background count time

E = Counting efficiency for alpha or beta corrected for self
absorption
Vs = Volume of sample in liters.

Lower Limit of Detection

Lower Limit of Detection = 4.66 -’B/TB

2.22 EVS

SOLID SAMPLE CAL ‘LATIONS
Activity and error at the 95% confidence level.

Gross alpha or gross beta (pCi/1) = (A - B) ¢+ 1.96 /K7Tq + b/TE‘
(OT0)TET2.22 ~(CY o)) 2.22

Where
A = alpha or beta count rate (cpm)

B = backgiound count rate (cpm)
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TA = Sample count time
: 4 :
‘B = Background count time
C = weight of ash in planchette
D = dry weight (total) divided by ash weight (total)
E = efficiency corrected for self absorption

Lower Limit of Detection

4.66 fB/TB
(C)(D)(E) 2.22

Lower Limit of De*ection (pCi) =
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GROSS ALPHA AND GROSS BETA WORKSHEET FOR WATER

Laboratory Sample No.:

Sample Type:

Estimation of Aliquot Volume:

Conductivity = X 0.8 = ma/iiter

mg/liter &~ 150 ma = liter = calculated aliaquot
Actual aliquot used (Vs) = liter. Diluted to Titer.
Sample Dry Weight:
Planchette plus Sample Weight gram
- Planchette Tare Weight gram
Sample Weight aram mg

Counting Date:

Instrument Used:

Instrument Background (B): cpm alpha, cpm beta

Background counting time (TB): minutes

Gross Sample Activity (A): cpm alpha, cpm beta

Sample counting time (TA): minutes

Instrument efficiency (E): alpha, beta
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Calculation:
Gross alpha or beta = A-B + 1.96 /A,TA+ B/TB
(E)(VS)E.ZZ (t)(VS)2.22
Calculation:
alpha =
beta =
Lower Limit of Detection = 4.66.’B/T8
2.22(E)(VS)
LLD (alpha) =
LLD (beta) =
Result: Gross alpha = pCi/l1 + pCi/1, LLD = _ pCi/l
Gross beta = pCi/1 + pCi/1, LILD = _ _pCiN
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CROSS ALPHA AND GROSS BETA WORKSHEET FOR SOLIDS

Laboratory Sample No.:

Sample Type:

Tatal Dry Weight: ___ grams
Total Ash Weiaght: grams
Aliquot Ash Weight (C): grams

Dry Weight/Ash Weight Ratio:

Counting Data:

Instrument Used:

Instrument background (B): cpm alpha, cpm beta
Background counting time (TB): minutes

Gross Sample activity (A): cpm alpha, cpm beta
Sample counting time (TA): minutes

Instrument efficiency (E): alpha, beta
Calculations:

Gross alpha or beta (pCi) = A - B 1.96 / A/TA + B/T

+

(€)(D)(E)2.22 (€)(D)(E)2.22

alpha =

beta =
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A
Lower Limit of Detection (pCi) = 4667 B/Tg

2.22 (C)(D)(E)

LLD alpha (pCi)

. LLD beta (pCi)
Result
Gross alpha = pCi/g + pCi/g,LLD = ___pCi/g
Gross beta = pCi/g + pCi/g,LLD = pCi/g
Analyst Date
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6.1.A.23.0 PROCEDURE FOR DETERMINING ALPHA AND BETA
ATTENUATION AS A FUNCTION OF RESIDUE

A. PURPOSE
To provide a procedure to correct for the effects of sample residue

on the instrument counting efficiency.

B. SCOPE
The efficiency curve produced may be applied to all routine environ-

mental samples.

C. RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to perform
the procedure without deviation and to generate the necessary

graphs.

D. REFERENCE
L.L. Thatcher, and V. J. Janzer, U. S. G. S., and K. W. Edwards,
Colorado Scheol of Mines. 1977 Techniques of Water - Resources
Investigations of the United States Geological Survey, Chapter A5
Methods for Determinatian of Radioactive Substances in Water and
Fluvial Sediments. U. S. Government Printing Office, Washington

D. C. 20402. Stock Number 024-001-02928-6.
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E, SAFETY

F. QUALITY CONTROL

Class A volumetric equipme it to be used.

mal places.

G. PROCEDURE

1. Reagents

Al1 radioactive solutions to be handled wearing rubber gloves.

Work to be performed in a properly operating radioisotope fume hood

A1l measurments of weight

to be performed on an analytical baiance and recorded to four deci-

a. Calibration Solution A: Dissovive 0.284 g MgSO4-7H20,

0.070 g NaCl, 0.926g CaS0,"2H

4 2

g CaCO3

0, 0.109 g NaHC03, and 0.245

in deionized water. Dilute to 2.00 liters.

b. Calibratic% Solution B: Dissolve 1.350 g Mgsn4-7H20;

3.510 g NaCl, 1.550 g CaS0,+2H,0,

4

0.508 g MgCl

+6H,0 and

2

0.300 CaC13 in deionized water. Dilute to 2.00 liters.

c. Lead 210 standard solution - approximately 500 nCi/ml and

acidified to approximately IN with hydrochlori

of concentrated HNO
flask,

T R I e N R

3

d. Uranium standard solution - Dissolve 0.177 g of

,2H302)2.

2H20 in approximately 500 ml of deionized water. ..'d 15 ml

amd dilute to 100C ml in a voiumetric
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2. Preparation of Beta Calibration Curve
a. Add the following amounts of calibration solutions A & B to
100 m1 Teflon beakers.

Beaker No. A(m)) B(m1) Approx. Residue (g)

1 25 10
2 5 20
3 80 | Y-
‘ 10 40
5 140 50
6 20 60
7 200
8 25 80
9 250 90
10 30 100
11 300 110
12 35 120
13 350 130
14 49 140
15 400 150
16 - - 0
17 - - 0
18 - - 0

—
¥ e
'
i
o
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To each beaker add 1.00 m]l of lead standard solution. To
beakers 18 and 19 add 5 drops concentrated NH40H.

Evaporate all solutions to dryness. When beakers 18 and

19 are dry, raise heat to 350° to volatilize NH4C1.
Quantitatively transfer thu residues in the beakers to

tared planchettes using rubber policemen and a minimum of
deionized water.

Dry the planchettes under infrared heat lamps. Police down
the beaker with a small additional amounts of de-ionized water
and transfer to the planchettes.

Disperse the final liquid slurry in the planchettes as uni-
formly as possible, disrupting large aggregates. Evaporate
to dryness.

Place the planchettes in a desiccator overnight. Weigh the

planchette to determine the weight of residue.

- Count the planchettes in a low background beta counter.

Proceed to the calculation portion of the procedure.

Preparation of Alpha Calibration Curve

The preparation is identical to the beta calibration curve
except that the standard uranium solution is used instead

of the lead solution.
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H. CALCULATIONS

1. Knowing th» standardized activity of the initial solution,
calculate the apparent instrument efficiency for each planchette.
2. Graph, on linear paper, the instrument efficiency versus the

weight of residue.
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6.1.A.24.0 FLUORO.'FTRIC DETERMINATION OF URANIUM IN ENVIROVMENTAL SAMPLES

A.

PURPQOSE
To provide an analytical method for total uranium in environmental
samples where the determination of individual isotope concentration

is not required.

SCOPE
The procedure applies to the analysis of all routine environmental
sample types. Analysis must be limited to low levels of uranium.

Higher activitity levels will require dilution.

RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to ensure that
this procedure is followed by the analyst and to evaluate the

analytical results.

It is the responsibility of the analyst to follow this procedure

and to report any abnormal results to the Environmental Chemist.

RECORD KEEPING

A1l required information shall be entered in the laboratory note-
book and on the Uranium Analysis Worksheet which shall be attached

to the sample analysis request form when complete.



Section Name Epyironmental/Radiation
Policy/Procedure 6.1.A.24.0

Page 2 of 13
Date Issued _ April 1, 1981
Supersedes o New o
I L
APPROVED _ (7 <77 :.*é//
¢ 4

SAFETY
Safety glasses required. Rubber gloves to be worn when handling
any reagents. Didymium _ lassblowers goggles to be worn when the
fusion unit is in operation., Diethyl ether and ethyl acetate to
be used in a properly operating fume hood away from open flame or
electrical sparks. Hydrofluoric acid to be used only when wearing

rubber gloves, rubber apron, safety glasses, and full face shield.

QUALITY CONTROL

One spike sample and one duplicate to be amalyzed with each
ten samples. If fewer than ten samples are to be analyzed in a run,

one spike sample and one duplicate shall be run.

A11 platinum fusion dishes should be treated equally in order to
maintain uniformity. Therefore, all dishes in the set will be used

for each fusion operation.

A1l platinum fusion dishes shall be checked for cleanliness between
each sample run by fusing them with flux. These blank flux pellets are
read in the fluorimeter. If the results show excessive background

the dishes are cleaned and rechecked. Reagent grade chemicals shall

be used for making all reagents. Q
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G. PROCEDURE

1. Reagents:

a.

Aluminum Nitrate (Saturated)- Add aproximately 625 grams

of reagent grace Al(N(5)3-9H20 to 250 milliliters of 7%

v/v nitric acid. Heat gently on a hotplate for one hour,
stirring frequently. Cool to room temperature, allow the
crystals to settle, and decant. Prepare two fluorimeter
blanks by extractina 8 ml of the above reagent with 10 mi

of ethy) acetate. If theblanks yield acceptable background
readings on the fluorimeter, then the reagent may be used
without further cleaning. Higher readings require that

the saturated reagent be extracted three times with 15 ml
portions of diethyl ether in a 500 ml separatory funnel.
Store the extracted solution in a polyethylene bottle over
crystals of uranium free alupinum nitrate.

Aluminum Nitrate (C.2 Molar) - Dissolve 7.5 grams of Al(N03)-
9H20 in deionized water. Add one drop of concentrated nitric
acid and dilute to 100 m1, Test the uranium concentration
as in the saturated aluminum nitrate solution.

Ammonium Hydroxide (1:1) - Dilute 500 ml of concentrated

ammonium hydroxide to 1 liter with deionized water.
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Ammoriium Nitrate Solution (1%) - Dissolve 5 grams of reagent
grade ammonium nitrate in deionized water and dilute to 500 m3.
Diammonium Hydrogen Phosphate Solution - Dissolve 6 grams

o7 reagent grade (NH4)2H°04 in defonized water and dilute

to 500 ml.

Diethyl Ether - Reagent

Ethyl Acetate - Reagént

Flux - Using anhydrous reagent grade chemicals, prepare a
flux consisting of 9% sodium fluoride, 45.57 sodium carbo-
nate, and 45.5% potassium carbonate by weight. Dry mix the
chemicals for approximately 12 hours in a ball mill. Fuse
the resuiting mixture in a platinum dish over a Fisher burner
or in a muffle furnace. Cool the fused flux, grind it in a
mortar and pestle, then pulverize it in a ball mill for

48-72 hours. Store in a desiccator until use.

Methyl - Red Indicator Solution - Dissolve 0.1 grams of
methyl-red indicator in 18.6 ml of 0.02N sodium hydroxide
solution and dilute to 250 ml with deionized water.

Nitric Acid - concentrated, reagent.

Potassium Pyrosulfate Crystals, reagent.

Sodium Hydroxide - Pellets, reagent.
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m. Standard uranium stock solution (100 ng) - Dissolve 0.1782
grams of reagent grade uranyl acetate dihydrate in approxi-
mataly 500 m]l of deionized water. Add 2 ml of concentrated
reagent gradenitric acid and dilute to 1 liter. Store in
polyethylene bottle. From this stock solution, prepare work-
ing standards containing 2.5 ugU/ml, 1.0 ug U/wl, 0.2 ugl/ml,
0.1ugU/ml, and 0.05 ugU/ml.

2. Determination for Water

a. Place 250 ml of each sample in a 400 m] beaker.

b. Prepare wwo blanks by placing 250 ml of deionized water in
each of two 400 ml beakers.

¢. Add to each sample and blank:
1. 3 ml of concentrated nitric acid.
2. 1ml of 0.2 molar aluminum nitrete solution
3. 5 ml of diammonium hydrogen phosphate.

d. Transfer to a hotplate and heat to boiling point. Hold at
boiling point for 10 minutes. Remove samples from hotplate.

e. Add 3 drops methyl-red indicator and neutralize the sample
with 1:1 ammonium hydroxide to the yellow endpoint. (If,
on addition of the indicator, a pink color forms and dis-
appears, the water may contain excessive iodide or bromide

jons. In that event, add ammonium hydroxide, 2 or 3 drops
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at a time; then add a drop of indicator. Repeat until the

indicator instantly exhibits the yellow color.)

Caution: Do not add ammonium hydroxide past the endpoint.
If the solution becomes too basic, no precipi-
tate will form. In this event, the solution pH
should be‘checked. If the pH is 8 or greater add
3 ml of concentrated nitric acid. Add 1 ml of
0.2 molar alumuinum nitrate solution and 5 ml of
diammonium hydrogen phosphate solution. Heat the
solution and neutralize with 1% ammonium hydroxide.

Digest the precipitate on the hotplate for 10-15 minutes.

Allow the precipitate to cool and settle.

Using an aspirator, draw off as much of the supernatant

liquid as possible without disturbing the precipitate.

Transfer the precipitate to a 50 ml centrifuge tube. Rinse

the beaker and stirring rod with 1% ammonium nitrate solution

from a wash bottle, adding the washing to the centrifuge
tube. Centrifuge for about 10 minutes. Discard the liquid,
wash the precipitate with a few ml of 1% ammonium nitrate
solution, centrifuge and discard the liquid.

Add 8 ml of the saturated aluminum nitrate reacent and warm

gently to dissolve the precipitate. If the precipitate does
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not dissolve completely add more aluminum nitrate until
it does.
Transfer the solution to a 50 ml stoppered test tube. Drain
the centrifuge tube as completely as possible but do not wash.
Add 15.0 ml of ethyl acetate and shake the mixture for 1-2
minutes. Vent frequently to relieve the pressure. Allow
15 minutes for the layers to separate. If necessary cent-
rifuge the sample at low speed to separate the layers.
Caution: No not let the samples stand for a long period at
this point. Excessive pressure may build up and
blow the stopper from the tube.
Draw off about 13 ml of the ethyi acetate and filter through
a dry Whatman No. 42 filter paper into a dry test tube;
stopper the tube.
To test each sample for the amount of spike and amount of
sample to use,0.5 ml of the filtered ethyl acetate is trans-
farred to a platinum fusion dish. Place the dish on a
large watchglass. Add water to the watchglass until the
dish is about one-fourth submerged. Ignite the ethyl ace-

tate and let it burn completely.

To each of the dishes add 0.5 grams of the flux mixture.




Section Name Eyironmental/Radiaticr
Folicy/Procedure 6.1.A.24.0

Page 8 of 13

Date Issued April 1, 1981

Supersedes _ _ New

woroven L S/ LY :
2 V/'/r

Place the dishes on the rotating fusion table. Press the
start buiton on the fusion apparatus. Make sure the temper-
ature reaches slightly higher that 605°C and heat the dishes
until the flux is melted (approximately 4 minutes). The
fusion apparatus will automatically reduce the heat and run for
an additional 3 minutes. l!hen fusion is complete allow the
samile to cool for é minutes with the table rotatina.
Place the dishes in a desiccatoi and cool for at least 30
minutes.
Allow the fluorimeter to warm up for at least % hour before
use.
Remove the samples from the fusion dishes. Do not touch
the sample with fingers in order to avoid contamination
with skin 01l which may quench the fluorimeter reading
Read each semple in the fluorimeter and record the result.
A spike size for each sample is selected which will approxi-
mately equal the fluorimeter readings obtained in step s.
Fluorimeter Reading Spike Size

0.05 wgU/ml

0.20 wgt/ml

1.0 ug/U/ml

2.5 uwgl/ml
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If the sample gives a greater reading than above, the
extraction must be diluted with reagent grade ethyl acetate.
The actual uranium concentration of the samples may now be
determined. A typical analysis will consist of two blanks,
two alicuots of each sample unspiked, and two aliquots of
each sample spiked with the appropriate spike from step t.
Transfer to platinum fusiondishes four 0.5 ml aliquots of
each sample and two 0.5 m] aliquots of a blank.

Burn the ethyl acetate as in step m.

To the appropriate sample dishes add the spike. Place the
samples under a heat lamp and dry.

To each fusion dish add at 9.5 grams of flux

Procced as in steps o through s.

The uranium concentrations are then calculated by the method

descrited in the calculations section of this manual.

3. Determination for Soil, Sediment, and Vegetation

b.

Weigh out 1 gram of prepared sample.

Transfer to a 100 m1 Teflon beaker and evavorate twice to
dryness with 15 ml portions of concentrated hydrochloric
acid.

Dry in oven at 100°C for a mipimum of 2 hours to dehydrate

the silica.
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Add two ml of concentrated hydroch]oric acid and 20 ml of

water and heat, covered, for 30 minutes. Decant liquid into
a 50 ml centrifuge tube. Centrifuge at 200G RPM for 5-10
minutes. Decant he supernatant liquid into a 250 m] bottle
and transfer the residue back to the Tefior. beaier.

Add 15 m1 of 48% hydrofluoric acid and 10 m1 of concentrated
hydrochloric acid to the residue and evaporate to dryness

on a hotplate. Remove the fluoride by three successive
evaporations to dryness with 5 ml portions of 6N hydrochloric
acid.

Add 2 m1 of concentrated hydrochloric acid and 20 ml1 of
water. Cover and heat for 30 mintues and then transfer to
the same 50 ml centrifuge tube used in step d. Centrifuge
and decant the supernatant liquid into the bottle containing
the first dissolved po~tion. Transfer the remaining resi-
due to a 15 =i plantinum dish. Dry under a heat lamp.

Azd one more gram of potassium pyrosulfate to the platinum
dish and fuse over a burner. Cool, add 3 ml of concentrated
hydrochloric acid and 2.5 ml of water, and heat until the
residue has dissolved. Combine with the other dissolved

portions.
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h. Dilute to 250 m1 and transfer to 400 ml beaker.

i. Go to step b of the determination for water and proceed
from there,

4. Determiration of Airborne Dust on Glass Fiber Filters

a. Take a representative cutting from the total filter such
that the suspended matter weighs approximately 0.1 gram,
(See the procedure for representative cutting from air-

. filters).
b. Proceed to step a of the soil and sediment sample determi-

nation,

H. CALCULATION OF RESULTS

The calculation of the uranium concentration is made with the
following expression:
y= (A-B)S ek
[y
where
U = concentration of uranium, in micrograms {ug) per unit, in the

sample

>
"

Fluorimeter reading of the sample

L=
n

Fluorimeter reading of the blank

w
"

Micrograms of uranium in the spike



"

grams of uranium,

Extraction volume factor
Volume of ethyl acetate used in extraction
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Fluorimeter reading of the sample ipiked with 5 micro-

The sample size in liters, grams, etc.

Dilution factor, used to correct for the dilution in step u

Volume of ethyl acetate used in fusion
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6.1.A.25.0 RADIOCHEMICAL DETERMINATION OF RADIUM 226

A. PURPOSE
To provide an analytical methud for Radium 226 in environmental

samples.

B. SLPE

This analytical procecure applies to all routine environmental samples.

C. RESPONSIBILITIES

It is the responsibility of the Environment21 Chemist to ensure
that the procedure is followed by the analyst and to evaluate the
analytical results. It is the responsibility of the analyst to
follow tnis procedure and to report any abnormal results to the
Environmental Chemist. The analyst must sign the laboratory work-
sheet in the appropriate lecation to indicate that the procedure

has been followed without deviation.

C. SAFETY
Safety glasses required. When using hydrofluoric acid or hydrogen
peroxide, rubber gloves, rubber apron, safety glasses, and full
face shield shall he worn. Xylene shall be used only in a prooerly
operating fume hood. Any spill of mercury shall be cleaned up inm-

mediately using the mercury spill kit and the “nvironmental Chemist
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g. Lead Carrier Solution (100 mg/ml) - Dissolve 40g of Pb(h03)2
plus a few drops of concentrated nitric acid in 200 ml of
deionized water and diluted to 250ml. Store in a glass bottle.

h. Magnesium Perchlorate - Anhydrous, reagent.

i. Nitric Acid - concentrated, reagent.

j. Nitric Acid (3N) - Mix 1¢8 ml of concentrated nitric acid
in 600 m1 of deionized water and dilute to 1 liter.

k. Sodium Carbonate - powder, reagent.

. 1. Sodium Carbonate (3N) - Dissolve 159g of anhydrous sodium

carbonate in 500m1 of deionized wate: and dilute to 1 liter,

m. Sodium hydroxide - Pellets, reagent.

n. Sufuric Acia - concentrated, reagent.

0. Sulfuric Acid (IN) - Mix 28 ml of concentrated sulfuric acid
in 500 m1 of deionized water and dilute to 1 liter.

p. Toluene - reagent.

2. Apparatus

a. Radon Counting System - An alpha scintillation system capable

of accomidating Lucas cells.

b. Filter Flask - 2 liter volume.

c. Suction Pump
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Radon De-emanation Apparatus - consists of open ended manometer,
gas purification tube and stopcocks. See Attachment 1.
Radon Bubblers - See Attachment 2.
Helium Cylinder - Equipped with a two-stage regulator and a
needle valve.
Pyseal or equivalent - for sealing bubbler joints.
Centrifuge
Lucas Cells - See Attachment 3.
Magnetic stirring hot plates.

Nickel crucibles.

Determination for Water

a.

Transfer two 100m1 aliquots of sample to 2 liter beakers.

Add 1ml of Ra-226 solution to one of the beakers as a recovery
spike. Label the spike beaker accordingly.

Adjust the pH to approximately 1.0 with concentrated nitric
acid, add 10m1 of lead carrier.

Add 351 of concentrated sulfuric acid, and heat to about 70°C
with stiring on the magnetic stirring hot plate.

Remove the sample from the hot plate and allow precipilate to
settle overnight. Decant or aspirate, discard the supernate
and transfer the precipitate to a 50ml centr.iuye tube using

IN sulfuric acid.
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Centrifuge, discard the supernate. Wash the precipitate with
10m1 of water, centrifuge, discard the supernate.

Rinse the walls of the 2 liter beaker with 5m1 of 6M ammonium
acetate. Transfer this solution to the precipitate in the
centrifuge tube. Bring the volume in the tube to about 20ml
with 6M ammonium acetate.

Heat in a water bath with stirring until the precipitate dissolves.
Slowly add 20m1 of 3N sodium carbonate, continue heating, and
stir for 15 minutes. Centrifuge, discard the supernate. lash
the precipitate twice with 10m] of deionized water. Discard
the washing.

Dissolve the carbonate precipitate with 10m1 of 3N nitric acid,
reprecipitate using 30m1 of hot 3N sodium carbonate.

Heat and stir for approximately 15 minutes, centrifuge, discard
the supernate. Wash the precipitate with 10m] of deionized
water. Centrifuge, discard the supernate.

Dissolve the carbonate precipitate with 5ml of 3N nitric acid.
Trarsfer sample to radon bubbler with @ minimum of 7ml of de-
ionized water. The bubbler frit should first be moistened with
a drop of deionized water.

Seal the bubbler with pyseal.
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m. Attach the bubbler to the helium gas line with a piece of
tygon tubing. Adjust the helium regulator valve so that a
very slow stream of gas will flow. Adjust the pressure so
that a froth a few millimeters thick is produced. Purge the
liquid for 10 minutes. Record the end of this time as the
zero ingrowth time.

n. Close the inlet stoncock on the bubbler, remove the gas
connection, and close the outlet stopcock on the bubbler.

9. Store the bubbiler for a minimum of 14 days before collecting
and counting the Radon-222.

p. Proceed to the de-emanation section of this procedure.

Determination for vegetation

a. HWeigh out two 4 g aliquots of vegetation ash into two nickel
crucibles.

NOTE: It may be necessary to use less than 4g of ash in
order to leave sufficient sample for the other re-
quired analyses.

Add Iml of Ra-226 spike solution to one of the crucibles.

Mark this crucible as the recovery spike sample.

b. Dry the samples in an oven for 1 hour at 100°C.
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Add 30g of sodium hydroxide pellets and mix thoroughly with
the ash. Fuse over a burner for 30 minutes and then slowly
add 2.59 of anhydrous sodium carbonate. Heat the clear red
melt for 30 minutes.

Remove the crucible from the flame immediately into a cold
water bath to crack the mixture.

Put the mixture into a 1 liter beaker. If the mixture adheres
to the crucible, fill with deionized water, and boil on a

hot plate. Add the resulting solution to the 1 liter beaker.
Dilute the total volume in the beaker to 300ml with boiling
deionized water. Place the beaker on a preheated hotplate and
boil to disintegrate the fused mixture. Add deionized water
as necessary to keep the volume between 150-200m].

Cool then transfer the mixture to two 100m1 centrifuge tubes.
Centrifuge for 5 - 10 minutes and discard the supernate., Wash
with 50m]l portions of hot deionized water. Centrifuge and dis-
card the supernate.

Add 12m1 of 6M hydrochloric acid to each centrifuge tube to
dissolve the precipitate. Add 12ml of deionized water to each
cent.ifuge tube.

Centrifuge the solution. Pour off the liquid into a clean

250m1 beaker. Discard the solid residue.
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Transfer 10m1 of the solution to a radon bubbler. Measure
the remaining volume of solution with a graduated cylinder.
Record the total volume of sclution (Including the 10ml al-
iquot) on the worksheet.

Proceed to step m of the determination for water.

Determination for Soil, Sediments and Glass Fiber Airfilters.

a.

b.

Heidh 29 of the prepared sample into a 600m1 beaker.

Add 50m1 of concentrated nitric acid to the sample and heat

on a hot plate.

Evaporate to near dryness but do not let the sample completely
dry out.

Add 50m1 of concentrated nitric acid and 30m1 of 307 hydrogen
peroxide. Heat on the hot plate to near dryness.

Transfer the sclution to a 100m1 centrifuge *:be with de-
ionized water. Centrifuge for 5 - 10 minutes.

Pour the solution into a 2 Titer beaker and transfer the residue
to a teflon beaker using deionized water.

Add 25m1 of concentrated hydrofluoric acid {o the teflon beaker
and evaporate to dryness. Repeat.

Add 25m1 of concentrated nitric acid and evaporate to dryness.

Repeat twice.
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i. Cool the residue and add 25m1 of 3N nitric acid to dissolve
the residue. Scrub down the beaker walls with a rubber police-
man. Add more 3N nitric acid as necessary.

j. Transfer the beaker contents to a 100m1 centrifuge tube.
Centrifuge.

k. Transfer the solution to the 2 liter beaker.

1. Wash the residue once with 3N nitric acid, adding the washings
to the 2 liter beaker.

m. Discard any remaining residue.

Determination of Suspended Solids Collected on a2 Membrane Filter

a. Place the sample in a 150m1 borosilicate beaker and wet ash
with repeated additions of concentrated nitric acid in the
presence of 1ml of concentrated sulfuric acid.

b. Transfer the solution and residue to a 15m1 >latinum dish, add
5m1 of 48% hydrofluoric acid and evaporate urtil fumes of
sulfuric acid are given off.

c. Add 1g of potassium pyrosulfate, he.t to volatilize the sulfuric
acid and fuse the pyrosulfatec.

d. Disolve the residue in 3ml of concentrated nitric acid and 8nl
of water. Transfer to a radon bubbler.

e. Transfer to step m of the determination for water.
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7. De-emanation and counting procedure
a. Attach a Lucas cell as shown in Attacnmenc 1. Substitute a
glass tube with a stopcock for the bubbler so that the helium
gas can be turned off and on conveniently.
Open the stopcock on the Lucas cell; close the stopcockon the
helium supply and gradually open the stopcock to the vacuum
source to evacuate to the cell.
NOTE: Too rapid a manipulation of the vacuum ‘stopcock
can either burst the manometer or introduce mercury
into the vacuum syste™.

Close the stopcock to the vacuui.' source and check the manometer
reading over a period of several minutes. If there is no
change in manometer reading after 5 minutes, the system is con-
sidered to be leak free.
Open the stopcock to the helium gas and allow the gas to enter
the Lucas cell until atmospheric pressure is reached.
Return to step b and repeat step b only.
Close the stopcock of the Lucas cell and then supply helium
to return the de-emanation system to atmospheric pressure.
Place the radon bubbler into the system. Before opening any
stopcicks evacuate the de-emanation system. Open the stopcock

of the Lucas cell,
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Close the stopccck to the vacuum and check for leaks as in
step c.

Adjust the helium flow so that a very slow stream of helium
will flow with the needle valve open. Attach the gas line

to the inlet of the bubbler.

Cautiously open the bubbler outlet Stopcock to equalize
pressure and to transfer all or most of the fluid in the inlet
side arm to the bubbler chamber.

Close the outlet stopcock and cautiously open the inlet stop-
cock to flush the remaining fluid from the side area and fritted
disk. Close the inlet stopcock.

Repeat steps j and k.

With the outlet stopcock fully open, cautiously open the inlet
stopcock so that the gas flow produces a froth a few millimeters
thick at the surface of the bubbler liquid. Maintain the flow
rate by adjusting the inlet stopcack of the bubbler.

Continue the de-emanation until the manometer indicates at-
mospheric pressure has been obtained. The total time required
should be 10 - 20 minutes.

In rapid succession, close the stopceck to the Lucas cell,
close the bubbler inlet and outlet stopcac ks, shut off and

disconnect the gas supply.
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Pecord the time and date as the end of ingrowth and the beginning
of decay time.

Store the bubbler for possible future de-emanation of the same
sample.

Place the Lucas cell in a dark area to light adapt.

Four hours after de-emanation,place the Lucas cell in the
scintillation de.ector, wait 10 minutes, and count. Record

the date and time for the counting period.

After counting is complete, remove the Lucas cell and reattach the
cell to the de-emanation system as in Attachment 1.

To remove the radon-222, evacuate the Lucas cell and cautiously
refill with helium as described in steps b and d. Repeat

several times.

For those cells with high activity, a counting check should be
made before the cell is used for another sample.

If counts above background are still registered, the cell (filled
with helium) should be stored 3 to 4 days without use. Then

step u should be performed again before the cell is returned

to service.

A1l Lucas cells should be stored, after cleanup, filled with helium.
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y. Before each use, the background of the particular.Lucas cell
must be determined. If time permits, the background should be
counted for the same length of time as the sample. The minimum
background time should be 50 minutes.

z. Calculate results as shown in the calculation section of this
procedure.

8. Radon Bubbler Cleaning Procedure

a. After thz Ra-226 results have been accepted, and no additional
de-emanations of the sample are required, the bubbler may be
be emptied and cleaned. If Ra-22b is tc be determined,
remove the solution from the bulhler, filter through a
Whatman No. 2 filter paper, and transfer to step b of the Radium
228 procedure.

b. If the sample results show a Ra-226 concertration grea’er than
10pCi, the bubbler should be f 1led with EDTA - sodium car-
bonate decrntamination solution.

c. Place the fillea bubbler in a water bath and raise the temp-
erature to the boiling point. Continue heating for 1 to 2 hours.

d. Cool and empty the bubbler; rinse with deionized water.

e. Fill the bubbler with 0.1IN hydrochloric acid and supply suction
to the gas inlet on the bubbler. Repeat twice.

f. Dry and remove any sealant residue with toluene. Store in a

dust-free area until next use.

R T T T R T
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9. Calculation of Result.
The calculation of the Ra-226 concentration is made using the

following exnression
(s-B)C 1.96 "1s *+ B/Ig (C)

Ra-226 (pCi/unit) = TEyiT(ve)(BYTTAID) * TET(Y)(VoI(BVI(AT(D)

S = Sample cpm

TS= Sample Count Time

B = Background cpm

TB= Background Count Time

C = Factor for the decay of Rn-222 during counting, (see Attachment 4)

E = Efficiency Factor = 9955%%§9154 for a particular Lucas cell.
Y = Chemical Yield = Recovery Spike Counts - Sample Counts
E 3
R S

Recovery Spike Decays

where ER = Efficiency of the recovery spike
Lucas cell.

E. = Efficiency of the sample Lucas cell.

S

VS= Sample Volume (liters/grams)
= i 1 - m.g.i_g_h.t = nle
D = Dry weight ratio factor ash weight 1 for water samples.
Bl= Factor for the ingrowth of Rn-222 from Ra-226 (See Attachment 4)

A = Factor for the decay of Rn-222 (See Attachment 4)
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ATTACIMERT 4

Factors for Decay of Padon-222, Growth of Radon-222 from Padium-226,
and Correcticn of Racdon- LZZ Activity for Decay Turing Counting

Factor for
Correcticn of
Factor for Growth Raden-222
Factor for Decay of Radon-222 from Activity for
of Radon-222 Radium-226 Decay during
& Counting
me : K e o e g
et B=1-¢"*t C=at/(1 e'xt)
Hours Davs Hours Days chrs .
0.0 1.0000 0.000 00 .1.000
0.2 0.9985 0.001 51 1.001
0.4 0.9970 0.003 C1 1.001
0.6 0.995% 0.00% 52 1.002
0.8 0.9940 0.005 02 r 1.003
1 0.9925 0.8343 0.007 52 0.1657 1.004
2 0.9850 0.6960 0.014 99 0.2040 1.008
3 0.9776 0.5807 0.022 40 0.4193 1.011
4 0.8703 0.4844 0.023 75 0.5156 1.015
5 0.9630 0.4041 0.037 05 0.5959 1.016
6 0.9557 0.3372 0.044 29 0.6628 1.023
7 0.9485 0.2813 0.051 48 0.7167 1.027
8 0.9414 0.2347 0.053 61 0.7653 1.031
9 0.9343 0.1958 0.065 69 0.8042 1.034
10 0.9273 0.1633 0.072 72 0.8367 1.038
11 0.9203 0.1363 0.079 69 0.8637 1.042
12 0.1134 0.1137 0.086 62 0.8863 1.046
13 0.9065 0.0948 0.093 49 0.9052 1.050
14 0.8997 €.0791 0.100 31 0.5209 1.054
15 0...29 0.0€60 0.107 67 0.9340 1.058
16 0.8862 0.0551 0.1138 0.9449 1.062
17 0.8795 0.0459 0.1205 0.5541 1.066
18 0.3729 0.0383 0.1271 0.9617 1.069
19 0.8664 0.032 0.1336 0.9680 1.073
20 0.8598 0.0267 0.1402 0.9733 1.077
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ATTACHMENT 4 (Continued)

Factors for Cecay of Radon-222, Growth of Radon-272 from Radium-226,
and Correction of Padon-222 Activity for Decay During Counting
(continued)

Factor for
Correction of
Factor for Giowt! Radon-222
Factor for Docay of Redon-222 from Activity for
of Radon-222 Radium-226 Decay during
: Counting
Time ' %
=™t B=1-¢"t C=at/(1-¢~ )
Hours Pays l Hours Days Hours
. 21 0.2534 0.0223 0.1466 0.9777 1,031
22 0.8470 0.0156 0.1530 0.9814 1.085
23 0.8406 0.0155 0.1594 0.8845 1.089
24 0.8343 0.0129 0.1657 0.9871 1.083
25 0.8280 0.0108 0.1720 0.9892 1.097
26 0.8218 0.0090 0.1782 0.9910 1.101
pd 0.8156 0.0075 0.1844 0.9925 1.105
2y 0.8095 0.0063 0.1905 0.93937 1.109
29 0.8034 0.0052 0.1966 0.8048 1.113
» 30 0.7973 0.0C44 0.2027 0.9356 1.118
¥, M 0.7913 | 0.0035 |0.2087 0.92¢64 1.122
32 0.7854 0.0030 0.2136 0.6970 1.126
23 0.7795 0.0025 0.2205 0.8975 - 1.130
34 0.7736 0.0021 0.2264 0.96738 1.134
35 0.7678 0.0018 0.2322 0.8982 1.138
36 0.7620 0.0015 0.2380 0.6985 1.142
37 0.7563 0.0012 0.2437 0.9288 1.146
38 0.7506 0.0010 0.2494 0.9990 1.150
39 0.7449 0.0009 | 0.255 0.9991 1.154
40 0.7393 0.C097 0.2607 0.9943 1.159
. 41 0.733 0.0006 0.2662 0.9994 1.163
42 0.7283 0.0005 0.2717 0.999" 1.167
43 0.7228 0.000 0.2772 0.9295 1.322
44 0.7173 0.0003 0.2827 0.9997 1.175
45 0.7120 0.0003 0.2850 0.9997 1.179
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ATTACHMENT 4 (Continued)
Factors for Decay of Padon-222, Growth of Radon-222 from Radium-226,
and Correction of Radon-222 Activity for Decay During Counting
(continued)
TassaSATICI R S TRy ek
Correction of
Factor for Growth Radon-222
Factor for Decay of Radon-222 from Activity for
of Radon-222 Radiun-226 Decay during
, Counting
: Time oy o T e e o
') e\t Be1-e"t Caat/(1-e" 'ty
Hours Days | Fours Days Hours
46 0.7066 | 0.0002 | 0.2934 0.5998 1.1€4
47 0.7013 0.0002 0.2587 0.9998 1.138
48 0.6960 0.0002 0.2040 0.95¢8 1,192
49 0.6908 0.0021 0.3092 0.9%39 1.196
50 0.6856 0.0001 0.3144 0.9299 1.201
51 0.6804 0.0001 0.31%6 0.2999 1.205
e 0.6753 0.0001 0.3247 0.9920 1.209
o S 0.6702 0.0001 0.3238 0.9929 1.213
54 0.6652 0.0C01 0.3248 0.9999 1.218
55 0.6602 0.,0C00 0.3398 1.0000 1.222
56 0.6552 0.0000 0.3448 1.6000 1.226
57 0.6503 0.0000 0.3457 1.0C00 1.231
58 - 0.6454 0.00C0 0.3546 1.0C00 1.235
59 0.6405 0.0000 0.3595 1.0000 1.239
60 0.6357 0.0000 0.3643 l 1.0000 1.244




RADIUM 226 WORKSHEET

Laboratory Sample Number:

Sample Type:

_Sample Dry Weight (Solid Samples):
Sample Ash Weight (Solid Samples):

Aliquot Weight or Volume (1/S):

Times and Dates

Zero Ingrowth:

End of Ingrowth:

Start of Decay:

Start of Count:

Count Time:

Factor Calculations

Decay of Rn-222

Start of Count - Start of Decay

Factor from Chart (A) =

"

Ingrowth of Rn-222

End of Ingrowth - Zero Ingrowth

Factor (B]) =

Decay of Rn-222 During Counting

Count Time

hours

"

Factor (C)
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Counting Data
Sample Lucas cell Background (B)
Sample Lucas cell Background time (TB) _______minutes

Spike Lucas cell Background

Spike Lucas cell Background Count Time _______minutes

Sample Counts (S) cpm

Sample Count Time minutes

Sample Lucas cell Efficiency (E)(ER) minutes

‘ Spike Lucas cell Efficiency (ES)

Calculations

= Chemical Yield = Recovery Spike Counts - Sample Counts
3 E
R S

Recovery Spike Decays

D - Dry Weight Ratio Factor = Dry Weight = 1 for Water Samples
Ash Weignt

gom e

Ra-226 (pci/unit) = (S-B)C 1,96 /75 *+ 8/Tp (0}
(E) (VT (V) ;Tm ) * ) (V) (BT) 010

Caiculation:
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Date

Analyst
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6.1.2.26.0 RADIOCHEMICAL DETERMINATION OF RADIUM 228

A.

B.

PURPOSE

To provide an analytical method for Radium 228 in envirormental

samples.

SCOPE

This procedure applies to the analysis of all routine environmental

samples.

RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to ensure
that this procedure is followed by the analyst and to evaluate the

analytical results.

It is the responsibility of the analyst to follow this procedure
and to report any abnormal results to the Environmental Chemist.
The analyst must sign the laboratory worksheet in the appropriate
location to indicate that the procedure has been followed without

deviation.

SAFETY

Safety glasses required. Rubber gloves to be worn when handling

reagents. Ammonium sulfate, ammonium sulfide and acetone to be used
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only in a properly operating fuma hood.

QUALITY CONTROL

One spike sample, one duplicate, and one blank are to be analyzed
with every ten samples in a sample run. If fewer than ten samples
are to be analyzed in a sample run, one spike sample, one duplicate,

ana one blank are to be analyzed. A recoverv spike sample is to

be analyzed with each sample.

PROCEDURE
1. Reagents

a. Acetic acid (glacial) - Reagent grade

b. Ammonium Sulfate Solution (200 mg/ml) - Dissolve 200 g of
ammonium .ulfate in a minimum of water and dilute to 1 liter.

c. Ammonium Sulfide Solution (approx. 2%) - Dilute 4 ml of am-
monium sulfide to 100 ml.

d. Barium carrier solution (15 mg/ml) - Dissolve 28.460 g of
barium chloride di-hydrate in water, and 2 ml of concen-
trated nitric acid and dilute to 1 liter.

e. Binder Solution - Dissolve 1 ml of "Duco" cement or equiva-
lent in 100 m] o acetone.

f. EDTA reagent - Dissolve 20 g of sodium hydroxide in 750 ml
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water, heat, slowly add 93 g of disodium EDTA while
stirring; dilute to 1 liter.

Lead Carrior Sclution (1.5 mg/ml) - Dissovle 2.4 g of lead
nitrate in water, add 2 ml of concentrated nitric acid and
dilute to 1 liter.

Sodium Hydroxide Pellets - Reagent grade

Sodium Hydroxide (10N) - Carefully dissolve 400 g of sodium
hydroxide pellets in a minimum of water, dilute to 1 Vi.er,
Strontium-Yttrium carrier (0.9 mg/ml Sr and 0.9 mg/ml Y) -
Dilute 10 ml of yttrium carrier solution (18 mg/ml1) to 100
ml (Solution A)., Dissolve 434.8 mg of strontium nitrate

in water, dilute to 100 m1 (Solution B). Combine solution

A and B.

Yttrium Carrier Solution (18 mg/ml) - Add 22.85 g of yttrium
oxide to a 250 ml Erlenmeyer Flask containing 20 ml of
water, swirl, place on a hotplate and heat to boiling.

About 30 ml of nitric acid is needed to dissolve the yttrium
oxide. Small additions of water may also be required.

After the yttrium oxide has dissolved, add 70 ml of con-

centrated nitric acid and then dilute to 1 liter.

2. Determination for Water

® e

If Ra 226 analysis was not requested for the sample, per-

form steps a through k of the Ra 226 procedure for water.
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If Ra 226 analysis was requested, perform steps a through

o of the Ra 226 procedure for water and step a of the Ra-
226 procedure for radon bubbler cleanina.

- b. Add 25 ml of EDTA reagent. Heat in a hot water bath and
stir intermitten ly; add additional 12! sodium hvdroxide in
small amounts if the precipitate does rot dissolve readily.

c. Add 1 ml of strontium-yttrium carrier solution. Stir thor-

oughly.
®

precipitate forms.

Add a few drops of 10N sodium hydroxide if any

d. Add 1 mlof ammonium sulfate solution (200 mg/ml)and stir
thoroughly. Add glacial acetic acid dropwise until barium
sulfate precipitates and then add 2 ml excess. Allow the

precipitate to digest in a hot water bath unii1 the precipi-

tate has largely settled. Centrifuge; discard cne super-
natant liquid.

e. Add 20 ml of the EDTA reagent, heat, and stir until the bar-
jum sulfate precipitate dissolves. Repeat steps ¢ and d.
Record the time of the last barium sulfate precipitation.

f. Dissolve the barium sulfate precipitate in 20 ml of EDTA
reagent; then add 1 ml of yttrium carrier solution (18 mg/
ml1) and 1 ml of lead carrier solution (1.5 ma/ml1). If any
precipitate forms, dissolve by adding a few drops of 10N

sodium hydroxide. Transfer to a teflon or polyethylene
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m. Calculate result as described in the calculations section
of this procedure.

Determin.iion for Scil and Sediments

a. Perform steps a through o of the Ra-226 procedure for soil
and sediments.

b. Perform steps a through m of the Ra-228 procedure for water.

Calculation of Results and Counting Error
at the 95% Confidence Level

The following formula is used to calculate the Ra-228 concen-

tration:
Ra (pCi/unit) = (5 - BMt, X !
2.22 Vgke (1 - e T2)y {1 - 3%
+ . 1.9 E/TS;.B]TB X 1
2.22VgEe *1(1 - ™ 2)¥ (1 - ¢"*%3)
where,
S = gross sample count rate in cpm
B = biank count rate including background

TS sample count time in minutes

TB = plank count time in minutes

T1 = elasped time from yttrium hydroxide precipitation to
the beginning of the sample counting period.

T2 = length of the sample counting period in mip;tes












Lower Limit of Detection

FARERT & ¥ acredll
LLD = B/Ty At,

2.22vszye"t

Calculation:

Result
Ra 228 (pCi/ ) =

(1.

e™'12)

LLD(pCi) =

Analyst

Py o
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6.1.A.27.0 DETERMINATION OF PO-210 IN ENVIPONIENTAL SAMPLES'

A. PUPROSE
To provide an analytical method for Polonium 210 in environmental

samples.

B. SCOPE
This procedure applies to the analysis of all routine environmental

samples.

C. RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to ensure that

th: proceudre is followed by the analyst and to evaluate the analy-

tical results.

It is the resporsibility of the analyst to follow this procedure
and to report any abnormal results to the Environmental Chemist.
The analyst must sign the laboratory worksheet in the appropriate
location to indicate that the procedure has been followed without

deviation.

. D. SAFETY

Safety glasses required. Rubber gloves, rubber apron, safety
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glasses, and full face shield to be worn when using hydrofluroic
acid, Hydroxylamine hydrochloride to be diluted in a properly
operating fume hood. Polonium 208 tracer to be '=ed only when

wearing rubber gloves.

E. QUALITY CONTROL

One spike, one duplicate, and one blank sample to be analyzed
with every ten samples in a sample run, If there are fewer than
. ten samples in a sample run, one spike, one duplicate, and one

blank sample are to be analyzed.

If Po-208 is not available as an internal tracer then a recovery

spike sample chall be analyzed with each sample.

F. PROCEDURE
1. Reagents

a. Citric acid (407 W/V) - Dissolve 40 g of reagent grade
citric acid in deionized water and dilute to 100 ml.

b. Hydrofluoric acid (48%) - Concentrated, reagent.

c. Hydroxylamine hydrochloride (507 W/V) - Dissolve 50 g
of reagent grade hydroxylamine hydrochloride in deionized

. water and dilute to 100 ml, Prepare only enough for one

days usa
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d. Lead carrier (50 mg/ml) - Dissolve 20 g of reagent grade

lead nitrate in 100 m1 of 4 N nitric acid and dilute to

250 m1 with 4 N nitric acid.

€. Mitrie acid (16 N) - Concentrated, reagent.

f. Nitric ac’d (4 N) - Mix 250 m1 of concentrated nitric

acid with 600 m] of deionized water and dilute to 1 liter.

g. Po-208 tracer - Standard dilution in 4 N hydrochloric

acid.

h. Sulfuric acid (36 N) - concentrated, reagent.

Apparatus
a. Alpha spertroscopy system

NOTE:

Determination for Water

If Po-208 tracer is not available, the sample and
the recovery spike may be counted in an alpha
proportional counter, although the alpha spectro-

meter is still preferred.

a. Perform steps a through ¢ of the Pb-210 procedure for

water.

b. Plate the polonium from the supernate of sten ¢ accord-

ing to steps a through k of the Pb-210 platina procedure.
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Determination for Vegetation

a. Perform steps a through d of the Pb-210 procedure for
vegetation.

b. Plate the polonium from the resulting supernate accord-
ing to steps a through k of the Pb-210 plating procedure.

Determination for Soil and Sediment

a. Perform steps a through f of the Pb-210 procedure for
soils and sediment.

b. Plate the polonium from the resulting supernate accord-
ing to steps a through k of the Pb-210 plating procedure.

Counting

a. Count in an alpha spectrometer for a minimum of 300
minutes.

Calculation (with Po-208 internal tracer)

Sample activity and counting error at the 95% confidence level.

Po-210 (pCi/v~it) = (-8B 4 196 S/Tg + B/Ty
2.22 AVgD 2.22 RVgD
where:
S = Samule gross c¢pm in the Po-210 energy region
TS = Sample count period in minutes
Bg = Background ~pm in the Po-<10 energy region
TB = Background count period in inutes

= Sample volume

-
w
!
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D = The decay of Po-210 from the date of
date of counting

ATy | oINPT,

D=e
where
t = time and date of counting minus time

tion.

T15 = the half life of Po-210 = 138.4 days.

R = a factor which includes the detector
yield and all other variables of the
by 5.7
VFFH
where

C = Gross tracer 2p= in th Po-208 energy

fe=)
(]
"

F = The standardized concentration of Po-

collection to the

and date of collec-

efficiency, chemical

chemical process.

region

Background cpm in the Po-208 energy region

208 in dpm/m]

standardization to

VF = the volume of Po-208 tracer used in ml

H = The decay of Po-208 from the time of
the time nf sample counting.

N -At:/T,i . e-antIT%

where

t = the time and date of sample counting minus the time and

date of Pc-208 standardization in cuys.

T, = the half life of Po-208 = 1069.45 days.
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Sample aliquot (VS):

Po-208 internal tracer

Activity (F):

Date and Time of Standardization:

Amount used (VF):

Counting Data

Instrument used:

P_cector used:

Po-210 Background cpm (BS):
Po-208 Background cpm (BC):

Background count period (TB):

Po-210 Sample cpm (S):

Po-208 Sample cpm (C):

Sample count period (TS):

Sample counting date and time:
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Decay calculation:
Po-210 Decay = D = "t B
t = counting date - date of collection = days
T% = 138.4 days
Calculation:
Po-208 Decay = H = e-]nZt/T%
t = counting date - standardization date = days
T% = 1069.45 days
Caiculation:

Caluiation of saiple activity and counting error at the 95% confidence level.

Pc-210 (pCl’/um't) = (S .t B) + 1.96 S/TS + B/TB

2.22RVSD 2.22RVSD

Calculation:
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Calculation of Lower Limit of Detection

6 BT

LLD (pCi/unit) = inu_ Nt

2.22 RVSQ

Calculation:

Result

Po-210 pCi/_ STy L AN

| +

_pCi/

LLD pCi/

"
<
o
-
oy

Analyst Datc
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6.1.A.28.0 DETERMINATION OF Pb-210 in ENVIRONMENTAL SAMPLES

A.

PURPOSE

To ~rovide an analytical method for Pb-210 in environmental samples.

SCOPE
The analytical procedure applies to the analysis of all routine

environmental samplazs.

RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to ensure
that this procedure is followed by the analyst and to evaluate the

amaiytical results.

It is the respcnsibility of the analyst to follow this procedure
and report any abnormal results to the Environmental Chemist. The
analyst must sign the laboratory worksheet in the appropriate loca-
tion to indicate that the procedure has been followed without devia-

tion.

SAFETY
Safety glasses required. Rubber gloves, rubber apron, safety

glasses, and full face shield required when using hyrdofluoric

acid. Hydroxylamine hydrochloride to be diluted only in a pro-
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perly operating fume hood. All traces to be handled using rubber

gloves.

QUALITY CONTROL

One spike, one duplicate, and one blank to be analyzed with
every ten samples in a sample run., If there are fewer than
ten samples in a sample run, one spike, one duplicate, and one

blank are to be analyzed,

PROCEDURE

1. Reagents:

a. Ammonuim Acetate (6M) - Dissclve 4629 of ammonuim ace-
tate in 500m1 of deionized water and dilute to one liter.

b. Citric Acid (407 W/V) - Dissolve 40g of reagent grade
citric acid in dionized water and dilute to 100ml,

¢. Hydrochloric Acid (12N) - concentrated, reagent,

d. Hyd-ofluoric Acid (48%) - concentrated. reagent.

e. Hydroxylamine nydrochloride (50% W/V) - Dissolve 50g of
reagent grade ‘ydroxylamine hydrochloride in deionized
water and dilute to 100m1. Prepare only enough for one

days usage.
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Lead carrier (50mg/ml) - Dissolve 20g of reagent grade
lead nitrate in 100 m1 of 4N nitric acid and dilute to
250m1 with 4N nitric acid.

Mitric Acid (16N) - concentrated, reagent.

Nitric Acid (8N) - Mix 250ml of concentrated nitric acid
with 200m)1 of deionized water and dilute to 500ml.

Nitric Acid (4N) - Mix 250ml of concentrated nitric acid
w#ith 600m1 of deionized water and dilute'to 1 liter.
Nitric Acid (3N) - Mix 190ml of concentrated nitric acid
with 700m) of deionized water and dilute to 1 liter.
Po-208 Tracer - Standard dilution in 4N hydrochloric acid.
Potassium Nitrate (0.01M) - Dissolve 1g of reagent grade
potassium nitrate in 500m1 of deionized water and dilute
to 1 liter.

P-tassium Pyrosulfate - Crystals, reagent.

Sodium Carbonate (3N) - Dissolve 159g of anhydrous Na2
€03 in 500m1 of deionized water and dilute to 1 liter,
Sulfuric Acid (36N) - concentrated, reagent.

Sulfuric Acid (dilute) - Dilute 35m1 of concentrated sul-

furic acid in 500m!1 of deionized water and dilute to 1 liter.
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Apparatus

b.

Alpha Spectroscopy System.
Nickel Electrode - 7/8" diameter commerical pure nickel

disc.

Determination for Water

a’

To one liter of sample, add 50ml of concenirated HNO3 and
3ml of 50mg/ml lead carrier solution. If Po-210 is to be
determined, add 1 w1 of Py-208 tracer.

Add 35m1 of concentrated sulfuric acid; heat to 70°C while

stirring; remove from the stirrer and cool overnight.

c. Decant supernate into a clean cne liter beaker. If Po-210

analysis is requested, proceed to step 2 of the Ps-210
procedure,

Transfer the sulfate precipitate to a 50ml centrifuge tube
with dilute sulfuric acid. Centrifuge, decant, and dis-
card the supernate.

Wash the precipitate with 30ml of dilute sulfuric acid

and repeat. Discard the wacshings.

Add 20m) of 6N Ammonium acetate and heat with stirring
until the precipitate dissolves,

Slowly add 20m1 of 3N sodium carbonate and heat with

stirring for 15 minutes, Centrifuge, decant, and dis-
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card the supernate.
Wash the precipitate twice with 10ml of deionized water.

Discard the washings.

Add 10ml of 3N nitiic acid and stir until the precipitate

dissolves.
Add 30ml of hot 3N scd'um carbonate; heat with stirring
vor 15 minutes. Centrifuge, decant, and discard the
supernate.
Add 5 ml of 3N nitric acid: stir until precipitate dis-
solves. Transfer the solution to a plastic deposition
cell with 3N rnitric acid and dilute to about 30ml with
3N nitric acid.
Cap the cell; label and store it for a minimum of 30
days.
After the above ingrowth period, plate the solution
according to the plating of Polonium Section of this
procedure.
After plating the solution, transfer it to a 50ml
volumetric flask and dilute to volume with deionized
water.

Analyze this solution using the Inductively Coupled

Plasma System and determine the lead concentration,

- e ———— ———————

Date Issued __April 1, 1981
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Record the result on the work sheet. This will be used
to determine the chemical recovery.
4, Determination for Vegetation.

a. To one gram of vegetation sample in an 800 ml beaker, add
50 ml of concentrated nitric acid and 3 m1 of 50 mg/ml
lead carrier. Ir Po-210 is to be determined, add 1ml
of Po-208 tracer.

. b. Digest the sample until the greenish-brown fumes of NOZ
are no longer emitted. Continue heating for at least 10
minutes adding concentrated nitric acid as needed toc main-
tain volume.

Note: Heat gently and do not boil the sample. Some
forms of Po-210 are volatile.

c. While the sample is still warm, dilute it with deionized
water to 500m1. Stir the sample while diluting. Filter
through a Whatman #2 filter into a clean 1 liter beaker.

d. Transfer to step a of the Pb-?10 determination for water.

5. Determination for Soil and Sediment.
' a. To 2g of samjle in a teflon beaker, add 3ml of 50m3/ml of
lead carrier. If Po-210 is to be determined add Iml of

. Po-208 tracers.
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b. Add 10ml of 4N nitric acid and 10ml of concen.rated
hydrofluoric acid. Reduce the volume to about 5mil.
Note: Heat gently and never boil the sample during
digestion,
¢. Repeat step b twice.
d. Add 10ml of 4N nitric acid and reduce the volume to
about 5ml.
. e. Repeat step d once.
f. While the sample is still warm, dilute with deionized
water to 500ml! with stirring. Filter through a Whatman #2
filter into a clean 1 liter beaker.
g. Transfer to step b of the Pb-210 determination for water.
6. Determination for a Paper Filter.
a. To the sample, in a glass beaker, add 10ml of nitric acid,
and Iml of sulfuric acid and evaporate to near dryness.
b. Transfer the sample to a platinum crucible with very small
volumes oi nitric acid. Evaporate to dryness under a heat
lamp.

c. Add 5ml1 of hydrofluoric acid and evaporate to dryness under

a heat lamp.
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d. Fuse with 1g of potassium pyrosulfate. Dissolve the
resulting salt with 8N nitric acid and dilute to 1 liter
with de-ionized water.

e. Using an anpropriate aliquot of this solution, proceed to
step 2 of the determination for water.

Determination for Glass Fiber Filter.

a. Place the sample in a teflun beaker and add de-jonized
water to cover.

b. Add Iml of sulfuric acid and 15m1 of hydrofluoric acid.
Hcat until white fumes of hydrofluoric acid appear.

¢c. Add Uml of 8N nitric acid and evaporate to near dryness

d. Repeat step ¢ twice.

e. Transfer the sample to a platinum crucible with very small
volumes of 8N nitric acid. Evaporate to dryness under a
heat lamp.

f. Fuse with 1g of potassium pyrosulfate.

g. Dissolve the resultin_ salt with 8N nitric acid. Trans-
fer the sample to a 50m1 centrifuge tube, centrifuge and
discard any residue.

h. Dilute the supernate to 1 liter with deionized water.
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i. Using an appropriate aliquot of this solution, proceed

to step & of the determination for water.
8. Plating of Polonuim

a. Mount a nickel disc in the holder after writing the
sample information on the back of the disc and spraying
with lacquer.

b. Polish the exposed nickel surface to a mirror finish.

‘ c. Rinse the electrode with deionized water and wipe with a

lir = free tissue.

d. Prime the nickel disc by immersion in 0.5N hydrochloric
acid for five minutes.

e. Add 2ml of 40% citric acid and 2ml of hydroxylamine
hydrochloride to the sample solution,

f. Insert the electrode holder into the sample solution.

g. Stir the solution using a magnetic stirrer (avoid splashing
or vortexing),

h., Plate for one hour,

i. Remove the solution and rinse the nickel disc in deionized
water.

j. Allow the disc to air dry,

. k. Remove the disc from the holder and count in an alpha

spectrometer,
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Background cpm in the Po208 energy region
The standardized concentration of Po208 in
dpm/m1

= The volume, in ml, of Po208 tracer used.
The decay of Po208 from the time of standard-
ization to the time of sample counting.
Hee " HYy _ o= n2t/Ty

where T = The time and date of sample counting minus the

time and date of Po208 standardization in days.
T, = The half-life of Po208 = 1069.45 days.

L
M = The lead recovery determined by the ICP analysis for lead.

P = The ingrowth of P0210 from Pb210

Pg,_e-)‘t/Tgé

vhere t = the time and date of sample plating minus the time

and date of beginning of ingrowth,

the half-11fe of Po210 = 138.4 days.

-
"
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Pb210 Analysis Worksheet.

Laboratory Sample Number:

Sample Type:

Date and time of collection:

Sample aliquot (VS):

. Po208 internal tracer
Activity (F):

Date and time of Standardization:

e e e

Amount used (Vg):

Lead tracer.

Amour't of lead added: mg.

Times and Dates.

Beginning of Ingrowth:

Beginning o Plating:

‘Beginning of Counting:

Counting Data,

Instrument used:

Detector used:

Po210 Background cpm (B ):

Po208 Background cpm (qc):
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Backgrouna count Period (TB);_

Po210 Sample cpm (S): 2

Pc208 Sample cpm (C):

Sample count period (Tg): et L A ol

Lead Analysis: _____mg/liter

Decay and Ingrowth Calculations:
Po210 Decay = D = e ~ In 2 t/Ty
. t = counting date - plating date.
Tls = half-life of Po210 = 138.4 days.

Calculation:

Po208 Decay = H = e ~ In 2 t/T,

t = counting date - standardization date.
T% = the half-1life of Po208 = 1069.45 days.

Calculation:
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Ingrowth = P =1 - e
time of plating - time of beginning of ingrowth

T, = the half-life of Po210 = 138.4 days.

Y
Calculation:

Recovery calculztions

Po208 Recovery = R = © = B¢

———— o ——

VFFH

Calculation:

Lead Recovery = mg/1 Pb x 0,05 1+ lead added in m

calculation:
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Calculation of Sample Activity and counting error at the Y57 confidence

level.
Pb210 (pCi/unit) = _ S-Bg ,  1.96 /S/Ts ¥ BTy
2.22 RVSDMP 2.22 RVSD%P
Calculation:

Calculation of Lower Limit of Detection
: 4,66 v B. 1

LLD S/'B
2.22 RVSDMP
calculation:
Result:
Pb219 pCi/ = pCi; et PG/
LLD pCi = pCi/ =

nalyst Date
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6.1.2.29.0 RADIOCHEMICAL DETERMINATION OF THORIUM IN ENVIRONMENTAL SAMPLES

A.

PURPOSE
To provide an analytical method for the isotopic analysis of alpha

emitting thorium in environmental samples.

SCOPE
This analytical procedure applies to the analysis of all routinc

environmental samples.

RESPONS:BILITIES

It is the responsibility of the Environmental Chemist to ensure
that this procedure is followed by the analyst and to evaluate the

analytical results.

It is the responsibility of the analyst to follow this procedure
and to report any abnormal results to the Envircnmental Chemict.
The analyst must sign the laboratory worksheet in the appropriate
location to indicate that the procedure from the manual has been

followad without deviation.

RECORD KEEPING

A1l required information shall be entered in the analyst's labora-

tory notebook and on the Thorium analysis worksheet which shall be
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Add 10 ml of concentrated nitric acid to the one liter

beaker that contained the sample. Cover, and heat on a
hotplate until the acid refluxes to the top of the beaker
and turns clear. Cool and wash down the sides of the
beaker with about 10 ml of deionized water.

Pour the diluted acid from the one liter beaker into the
250 m1 beaker in such a way as to wash down the sides of
the beaker., Transfer the remaining acid to the 250 ml
beaker with several water washes. Transfer from the 250

ml beaker to the two centrifuge tubes, washing down the
sides of the tubes, and using several water rinses. Swirl
the centrifuge tubes to dissolve the precipitate and dilute
to about 50 ml.

Add concentrated ammonium hydroxide, from a burette to in-
cipient precipitation, dilute to about 80 ml, and add 10 ml
of concentrated ammonium hydroxide slowly with mixing.
Allow to stand one hour and centrifuge at about 1800 rpm.
Decant and discard the supernatant liquid.

Slurry the precipitate and add water to 100 ml. Centrifuge
at about 1800 rpm, decant and discard the wash.

Using a pipet, add 3 ml of concentrated nitric acid to each

centrifuge tube in such a way that the precipitate adhering
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to the sides will dissolve. If the precipitate fails to
dissolve completely with swirling, add 10 drops of 30%
hydrogen peroxide.

Transfer the solution and any precipitate of silica from
the two centrifuge tubes to a sinale 50 m1 polycarbonate
centrifuge tube with deionized water and dilute to about
30 ml.

Add 5 m1 of 48% hydrofluoric acid, mix, and allow to stand

for one hour,.

k. Centrifuge at about 1600 rpm for 5 minutes. Decant and dis-
card the supernatant liquid.

1. Add 5 mi of concentrated nitric acid to the precipitate.
Disperse the precipitate and pour into a 100 ml glass beaker.
Rinse the centrifuge tube with 2 or 3 m1 of deionized weter
and add the washinas to the beaker.

m. To the beaker add 0.3-0.4 g of A1(NO 9H,0 and heat with

3)3
stirring until the precipitate dis.olves.

n. Slowly add concentrated ammonium hydroxide until no further
precipitation occurs. Centrifuge and decant the supernatant
and discard.

‘ 0. Add 5 ml of concentrated nitric acid to the precipitate and

stir until dissolved.
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Add one m1 of ascorbic acid sofution. add one drop of thymol
blue indicator solution. Adjust the pH visually to the
range pH 2.0 - pH 4.0 (golden color) with 507 ammonium
hydroxide and 2N nitric acid.

Transfer the sample to a 125 ml separatory funnel with a
wash solution acjusted to pH 1.5 (adjust 0.1IN nitric acid

to oH 1.5 with ammonium hydroxide using a pH meter). Use
enough wash sclution to end up with a total volume of 15 -
20 ml.

Add 20 ml of 10% TTA in xylene and shake vigorously for 35
minutes. Discard the aqueous layer.

Add 5 ml of 0.2N nitric acid and stir for 5 minutes. Dis-
card the aqueous layer. Repeat.

Transfer the TTA layer to a 50 ml beaker. Rinse the separa-
tory funnel with 3 ml of xylene and add to the beaker.
Allow the TTA/xylene to evanorate to dryness.

Place the sample in a muffle furnace at 550°C for 15-20
minutes. Allow to cool and remove from furnace.

Prepare an electroplating cell.

8dd 10 mi of electroplating solution to the beaker and police

thoroughly with a rubber policeman.
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y. Rinse the beaker and policeman with additional electro-
plating solution. Transfer the rinses to the electro-
plating cell.

2. Add 4-6 drops of 6N hydrochloric acid to the electroplat ing
cell and electroplate for 2 hours at 15-25 volts and 210
milliamps.

aa. When electrop1atingvis complete add one-drop of phenol-

. phthalein indicator to the cell and add 50% ammonium hyd:ox-~
ide until the solution turns red. Turn off the current,
remove the c¢:11 and discard the liquid. Disassemble the
cell and rinse the plating disk with alcohol. Allow to dry.

bb. Flame the plating disk in a Fisher burner until red. Cool.
cc. Count the sample and the recovery spike in the alpha spec-
trometer. If possible use the same detector for both the
sample and the recovery spike.
dd. Calculate as shown in the calculaticn section of the pro-
cedure manual.
3. Determination for Soil, Sediment, and Vegetation

a. Weigh out 1 g of dried and ashed sample f.r each sample and

1 g for each recovery spike.

. Caution: particularly with vegetation, only small amounts

of ashed sample may be available. Make




Section Name Environmental/Radiation

Policy/Procedure 6.1.A.29.0

Page 9 of 13
Date Issued April 1, 1981

Supersedes New =

e~
APPROVED e D 7,
7 y i/

sure that sufficient'sample remains to perform

all required analyses. This may make necessary

the use of aliquots smaller than 1 g.
Transfer sample to a 100 ml Teflon beaker, add 1 ml of Th
230 spike so’ution to the recovery spike, evaporate twice
to dryness with 15 ml1 portions of concentrated hydrochloric
acid.
Dry in an oven at 100°C for 2 hours w dehydrate silica.
Add 2 m1 concentrated hydrochloric acid and 20 ml of water
and heat while covered for 30 minutes. Decant the liquic
into a 50 m] centrifuge tube. Centrifuge at 2000 rpm for
5-10 minutes. D(cant supernatant liquid into a 250 ml hot-
tle and transfer the residue to the Teflon beaker.
Add 15 m1 of 48%hydrofluoric acid and 10 ml of concentrated
hydrochloric acid to the residue and evaporate to dryness on
a hotplate. Remove fluoride by three successive evaporations
to dryness with 5 ml portions of 6N hydrochloric acid.
Add 2 ml of concentrated hydrochloric acid and 29 ml of
water. Cover and heat for 30 minutes and then transfer to
the same 50 m1 centrifuge tube used in <tep d. Centrifuge
and decant supernatant liquid into .ie bottle .ontainingy
the first dissolved portion. Transfer the remaining residue.

Dry under a heat lamp.
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Add one gram of potassium pyrosulfate to the platinum dish
and fuse over a burner. Cool, add 3 ml of concentrated
hydrochloric acid and 2-5 m1 of water, and heat until resi-
due has dissolved. Combine with the other dissolved portions.
Add one ml of 10 ug/ml ircen carvier per gram of sample.
If less than 1 gram of sample was used, add an additional
1 ml of iron carriér for each 100 mg of weioht below one
gram. Proceed with the hyroxide separationof thorium at
step ¢ of the determination for water.
4. Determination of Airborne Dust on Glass Fiber Filters

a. Take a representative portion of the air filter in accor-
dance with the procedure for representative por‘ on of
air filters.
Proceed with step a of the determintation for soils and

sediments.

CALCULATION
The calculation of Th-230 or other alpha emitting thorium concen-

tration is made using the following expression:

(S - B)
2.22(E)(Y) (V)

Th(pCi/unit) =




!

where

"

n

Sample counts per minute = - _

Background counts per minute =

Chemical Yield =
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ISOTOPIC THORIUM WORKSHEET

Laboratory Sample No.:

Sample Type:

Sample Aliquot = Spike Aliquot:

" Tracer Soution No.:

Tracer concentration:

‘ Tracer amount:

Instrument data:

Detector Used:

*Detector background: cpm Background count time: minutes
*Sample Gross cpm: cpm Sample count time: minutes
*Spike Gross cpm: cpm  Spike count time: minutes

* The background, sample, and spike counts used are those for the peak
of interest for the particular isotope being analyzed. See alph:¢

spectrometer procedure manual for details on determining.

Calulation of chemical yield
_spike cpm - sample cpm =

Y
. (dpm spike added)(E)

Calculation of result and counting error are at the 95% confidence level.



Calculation:

o =2t/T -
Note: The expression e normally found in this equatio
1'5 ianored due to th % At 1€ : > £ v
ianored due ne 1ong hal 1ives cne noriu
isotopes.
, T e e - anill / . 2 i ; [ . 1 N
Calculation of Lower Limt of Detection (LLD):
g s By 4.66 v B/T
LLD (pCi/Unit) = B
cv W
EY
S
Calculation
P[‘-’,l”t,
Isotope - pCi/ + pCi/
LLD = pCi/
Analyst ) date
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6.1.A.30.0 DETERMINATION OF CHLORIDE IN WATER SAMPLES

A. PURPOSE
To provide an analytical method for determination of chloride in

water samples.

B. SCOPE
This analytical procedure applies to the analysis of all routine

well water and surface water samples.

C. RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to ensure
that this procedure is followed by the analyst and to evaluate the

analytical results,

It is the responsibility of the analyst to vollow this procedure
and to report any abnormal results to the Environmental Chemist.
The analyst must sign the laboratory worksheet in the appropriate
location to indicate that the procedure has been followed without

deviation.

® D. SAFETY

Safety glasses required. Mercuric nitrate is poisonous, use only

when wearing rubber gloves.
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Mercuric nitrate titrant (0.025 N): Dissolve 4.2820 g

Hg(NO -H20 in 50 m1 of distillea water acidified with 0.5 ml

3)2
conc. HNO3 (sp. gr. 1.42) in a 1 liter volumetric flask and
dilute to the mark with distilled water. Filter if necessary.
Standardize against standard sodium chloride solution (1)

using procedure 6. Adjust to exactly 0.025 N and check. Store
in a dark bottle.

Mercuric nitrate titrant (p.0141 N): Dissolve 2.4200 g Hg
(N03)2-H20 in 25 m1 of distilled water acidified with 0.2% ml
of conc. HNO3 (sp. gr. 1.42) in a 1 liter volumetric flask and
dilute to the mark with distilled water. Filter if necessary.
Standardize against standard sodium chloride solution (1)

using procedure 6. Adjust to exactly 0.014 N and check. Store
in a dark bottle. A 1 ml aliquot is equivalent to 500 ug of
chloride.

Mixed indicator reagent: Dissolve 0.5 g crystalline disphen-
ylcarbazone and 0.05 g bromophenol blue powder in 75 ml 95%
ethanol in a 100 ml volumetric flask and dilute to the mark

with 95% ethanol. Store in brown bottle and discard °* . er

6 months.
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Alphazurine indicator solution: Dissolve 0.005 g of alphazurine
blue-green dye in 95% ethanol or 1so§ropanol in a 100 ml

volumetric and dilute to the mark with 957 ethanol or isopropanol.

- G. DETERMINATION

| R

Place 50 ml of sample in a vessel for titration. If the con-
centration is greater than 20 mg/1 chloride, use 0.141 N mercuric
nitrate titrant ( F.6) in step 6 or dilute. If the concentration
is less than 2.5 mg/1 of chloride, use 0.0141 N mercuric nitrate
titrant (8) in step 6, a 1 m1 or 5 ml microburet, and determine
an indicator blank on 50 ml chloride-free water using procedure
6. If the concentration is less than 0.1 mg/1 of chloride,
concentrate an appropriate volume to 50 ml.

Add 5 to 10 drops of mixed indicator reagent (9), shake or swirl
solution.

If a blue-violet or red color appears, add HNO3 solution (2) drop-
wise until the color changes to yellow.

If a yellow or orange color forms immediately on addition of the
mixed indicator, add NaOH solution (3) dropwise until the color

changes to blue-violet; than add HNO3 solution (2) dropwise until

the color changes to yellow.
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Add 1 ml excess HNOz solution (2).

Titrate with 0.0z5 N mercuric nitrate titrant (7) until a blue-
violet color persists throughout the solution. See 1 for choice
of titrant normality. Alphazurine indicator solution (10) may
be added with the indicator to sharpen the end point. This will
change color shades. Practice runs should be made.

Additional steps to eliminate particular interferences:

a. 1f chromate is present at <100 mg/1 and iron is not present,

add some alphazurine indicator solution (10) and acidify to
pH 3 (indicating paper). End point will then be an olive-
purple color.

If chromate is present at >100 mg/1 and iron is not present,
add 2 ml of fresh hydroquinone solution (5).

If ferric ion is present use volume containing no more than
2.5 mg of ferric ion or ferric ion plus chromate ion. Add

2 m1 fresh hydroquinone solution (5).

If sulfite ion is present, add 0.5 ml of H202 solution (4)

to 50 m1 sample and mix for 1 minute.




CALCULATION-

(A - B)N X 35,450
ml of sample

mg chloride/1 =

where:

A - ml titrant for sample

B = ml titrant for blank

N = normality mercuric nitrate titrant

mg NaC1/1 = mg chloride/1 X 1.65
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6.1.A.31.0 DETERMINATION OF TOTAL CYANIDE IN WATER SAMPLES

A. PURPOSE

To provide an analytical method for cyanide in water samples.

B. SCOPE
This analytical procedure applies to the analysis of all routine

well water and surface water samples.

C. RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to ensure
that this procedure is followed by the analyst and to evaluate

the analytical results.

It is the responsibility of the analyst to follow this procedure
and to report any abnormal results to the Environmental Chemist.
The analyst must sign the laboratory worksheet in the appropriate
location to indicate that the procedure has been followed without

deviation.

D. SAFETY

Safety glasses required. Due to the extreme hazard presented by

the use of cyanide, the procedure will be performed only by
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does not darken the lead acetate test paper. Filter the

solution through a dry filter paper into a dry beaker, and

from the filtrate, measure the sample to be used for analy-
sis. Avoid a large excess of cadmium and a Tong contact
time in order to minimize a loss by complexation or occlu-
sion of cyanide on the precipitated material. Sulfides
should be removed prior to preservation with sodium hydro-
xide.

Fatty acids will distill and form soaps under the alkaline

titration conditions, making the end point almost impossible

to detect. Correct in the following manner:

a. Acidify the sample with acetic acid (1 + 9) to pH 7.0
to 7.0.

Caution: This operation must be performed in the 100d
and the sample left there until it can b made
alkaline again after the extraction has 'een
performed.

b. Extract with iso-octane, hexane, or chloroform (preference
in order named) with a solvent volume equal to 207 of
the sample volume. One extraction is usually adequate
to reduce the fatty acids below the interference level.
Avoid multiple extractions or a long contact time at low

pH in order to keep the loss of HCN at a minimum. When

ion



the extraction i

of the sample to

Figure 2.

inlet tube and provi:

may be a Fisher-Milli

Microburet, 5.0
Spectrophotomet
~ - 13 LA T -~

nm with a 1.0 cm cel

titration).

. - saman e
mzasurements

in

=
a

|

t
L

Figurs 1




10.

11.

12.

13.

Section Name Environmental/Radiation
Policy/Procedure _6.1.A.31.0

Page 5 of 14

Date Issued April 1, 1981
Supersedes New ./
APPROVED £ AT S

R

in 1 liter of of distilled water. Standardize with 0.0192

N AgN03. Dilute to appropriate concentration so that 1 ml =
1 mg CN.

Standard cyanide solution, intermediate: Dilute 50.0 ml of
stock (1 ml = 1 mg CN) to 1000 ml with distilled water (1 ml =
50.0ug).

Standard cyanide solution: Prepare fresh daily by diluting
100.0 m1 of intermediate cyanide solution to 1000 ml with
distilled water and store in a glass stoppered bottle. 1

ml = 5.0ug CN (5.0 mg/1).

Standard silver nitrate solution, 0.0192 N: Prepare by
crushing approximately 5 g AgNO3 crystals and drying to
constant weight at a0°c. Weigh out 3.2647 g of dried AgN03,
dissolve in distilled water, and dilute to 1000 m1 (1 ml =

1 mg CN).

Rhodanine indicator: Dissolve 20 mg of p-dimethyl-amino-
benzalrhodanine in 100 ml of acetone.

Chloramine T solution: Dissolve 1.0 g of white, water solu-
ble Chloramine T in 100 ml of distilled water and refrigerate
until ready to use. Prepare fresh weekly.

Color Reagent - One of the following may be used:

a. Pyridine-Barbituric Acid Reagent: Place 15 g of barbi-

turic acid in a 250 m1 volumetric flask and add just
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enough distilled water to wash the sides of the flask

and wet the barbituric acid. Add 75 ml of pyridine and

mix. Add 15 ml of HCI (sp gr 1.19), mix and cool to

room temperature. Dilute to 250 ml with distilled water

and mix. This reagent is stable for approximately six
months if stored in a cool, dark place.
b. Pyridine-pyrazolone solution:
1. 3-Methyl-1-phenyl-2-pyrazolin-5-one reagent, satu-
‘ rated solution: Add 0.25 g of 3-methyl-1-phenyl-2-
pyrazolin-5-one to 50 ml1 of distilled water, heat
to 60°C with stirring. Cool to room temperature.

2. 3,3'Dimethyl-1’-diphenyl-(4,4°-bi-2 pyrazoline]-5-
5'dione (bispyrazolone): Dissolve 0.01 g of bispyra-
zolone in 10 ml of pyridine.

3. Pour solution (H.13.b.1) through non-acid-washed
filter paper. Collect the filtrate. Through the
same filter paper pour solution (H.13.b.2) collect-
ing the filterate in the same container as filtrate
from (H.13.b.1). Mix until the filtrates are homo-
geneous. The mixed reagent develops a pink color
but this does not affect the color production with

. cyanide if used within 24 hours of preparation.
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14. Magnesium chloride solution: Weight 510 g of MgC12'6H20 in-
to a 100 m1 flask, dissolve and dilute to 1 liter with dis-

tilled water.

I. DETERMINATION

1. Place 500 ml1 of sample or an aliquot diluted to 500 ml in
the 1 liter boiling flask. Add 50 ml of sodium hydroxide
(H.1) to the absorbing tube and dilute if necessary with
distilled water to obtain an adeauate depth of liquid in
the absorber. Connect the boiling flask, condenser, ab-
sorber and trap in the train.

2. Start a slow stream of air entering the bbiling flask by
adjusting the vacuum source. Adjust the vacuum so that
apprcimately one bubble of air per second enters the boil-
ing flask througl the air inlet tube.

Caution: The bubble rate will not remain constant after
the reagents have been added and while heat is
being applied to the flask. It will be necessary
to readjust the air rate occasionally to prevent
the solution in the boiling flask from backing

up into the air inlet tube.
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Dilute to mark with distilled water and mix again.
Allow 8 minutes for color development then read absor-
bance at 578 nm in a 1 cm cell within 15 minutes.
b. Pyridine-pyrazolone method: Add 0.5 ml of chloramine
T (H.12) and mix. After 1 to 2 minutes add 5 ml of
pyridine-pyrazolone solution (H.13.a) and mix. Dilute
to mark with distilled water and mix again. After 40
minutes read absorbénce at 620 nm in a 1 cm cell.
NOTE: HMore than 0.5 ml of Chloramine T will prevent the
color from developing with pyridine-pyrazulone.
Prepare a series of standards by pipeting.suitab1e volumes
of standard solution into 250 m1 volumetric flasks. To each
standard add 50 ml of 1.25 sodium hydroxide and dilute to

250 ml with distilled water. Prepare as follows:

ML of Standard Solution Conc. mgCM
(1.0 = 5 ug CN) per 250 ml
0 BLANK

1.0 5

2.0 10

5.0 25

10.0 50

15.0 60

20.0 100
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It is not imperative that all standards bedistilled in
the same manner as the samples. It is recommenced that
at least two standards (a high and low) be distilled and
compared to similar values on the curve to insure that
the distiilation technique is reliable. If distilled
standards do not agree within + 10% of the undistilled
standards the operator should find the cause of the ap-
parent error before proceeding.

Prepare a standard curve by plotting absorbance of stan-
dard vs. cyanide concentrations.

fo check the efficiency of the samplc distillation add
an increment of cyanide from either the intermediate
standard (H.8) or the working standard (H.9) to iasure

a level of 200 ug/1 or a significani increase in absor-
bance value. Proceed with the analysis as in Procedure
(1.8.1) using the same flask and system from which the

previous sample was distilled.

Alternatively, if the sample contains more than 1 mg of CN

transfer the distillate, or a suitable aliquot diluted to

250 m1, to a 500 ml Erlenmeyer flask. Add 10-12 drops of

the benzalrhodanine indicator.
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CALCULATION

indicator as in the sample.

titration.
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Titrate with standard silver nitrate to the first change in
color from yellow to brownish-pink. Titrate a distilled

water blink using tne same amount of sodium hydroxide and

The analyst should familiarize himself with the end point
of the titration and the amount of indicator to be used
before actually titrating the samples. A 5 or 10 ml micro-

buret may be convenientiy used to obtain a more precise

If the colorimetric procedure is used, calculate the cyanide, in

ug/1, in the original sample as follows:

CN, wg/1 = A x 1,000

where:

A = ug CN read from standard curve

B = ml of original sample for distillation

C = ml taken for coiurimetric analysis
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Using the titrimetric procedure, ca’culate concentrations of CN

as follows:
CN, mg/1 = (A - B)1,000 X 250

ml orig, sample m]l of aliquot titrated
vhere:

A = volume of AgNO3 for titration of sample.

B = volume of AgNO3 for titration of blank.




Section Name Environmental/Radiation
Policy/Procedure _6.1.A.31.0

Page 13 of 14
Date Issued April 1, 1981
Supersedes ,::Nev o

approvED (A ()

adlf

- G o

ALLIKN COHDENSER — 3 — CONMECTING TURING

YTV
p———

AIR INLET TUBE~,

SUCTION
ORE LITER ———
BOILIKG FLASK
GAS ABSORRER
FIGURE 1
a"!'ﬁ’ iS. l'\m LE'\' ’.i‘ tﬁi\[\ 9
CYARIDE DISTILLATIGN APPARATUS



Section Name Environmental/Radiation
Policy/Procedure _6.1.A.31.0 _ _

Page 14 of 14
Date Issucd Aoril 1, 1981
Supersedes _ ,.Ngg 7
APPROVED [ / [Z s sV
e //,;

IN

COOLIIC WATER ‘;ab SCREW CLAMF
0uT ¢

i
g -_._:_%: w

T0 LOW VACE' ¢
SOURCE

INLET TUBE~

= ABSORBLR

\ a)

CORCEXSER

= DISTILLIEG FLASK .

HEATER — |
B
—_—

—

. FIGURE
CYANIDE DISTILLATION APPARATUS



uUnc MINING AND MILLING SERVICES, INC.

Section Name Environmental/Radiation

Policy/Procedure 6.1.A.32.0

Page 1 of 5

Date Issued April 1, 1981

Supersedes New

v

v APPROVED

//’ / 4 4 r/ /
& /)
Lt

6.1.A.32.0 POTENTIOMETRIC DETERMINATION OF FLUORIDE IN WATER

A.

PURPOSE

To provide an analytical method for fluoride in water samples.

SCOPE
This analytical procedure applies to the analysis of all routine

well water and surface water samples.

RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to ensure
that this procedure is followed by the analyst and to evaluate

the analytical results.

It is the responsibility of the analyst to follow this procedure
and to report any abnormal results to the Environmental Chemist.
The analyst must sign the laboratory worksheet in the appropriate
location to indicate that the procedure has been followed without

deviation.

SAFETY

Safety glasses required.
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QUALITY CONTROL

One spike sample, one duplicate, and one bl:ak shall be ana yzed
with each ten samples in an analysis run. If fewer thar ten sam-
ples are to be analyzed in a run, then one spike samnle, one dupli-

cate and one blank shall be analyzed.

INTERFERENCES

Extremes of pH interfere;sampie pH should be between 5 and 9. Poly-

3. and A1+3 interfere by forming complexes

valent cations of Si+4, Fe'
with fluoride. The degree of interference depends upon the con-
centration of fluoride and the pH of the sample. The addition of
a pH 5.0 buffer (described below) containing a strong chelating
agent preferentially complexes aluminum (the most common inter-

ference), silicon and iron and eliminates the pH problem.

APPARATUS

1. Electrometer (pH meter), with expanded mv .cale, or a selective
ion meter.

2. Fluoride Ion Activity Electrode, such as Orion No. 94-09 or
equivalent.

3. Refe.cence electrode, single junction, sleeve-type such as Orion
No. 90-01 or equivalent.

4, Magnetic Mixer, Teflon-coated stirring bar.
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1. Buffer solution, pH 5.0-5.5: 7o approximately 500 mi of dis-
tilled water in a 1 liter beaker cdd 57 ml of glacial acetic
acid, 58 g of sodium chloride and 2 ~ -“ CDTA. Stir to dis-
solve and cool to room tempe. z2ture. Adjust pH of solution to
between 5.0 and 5.5 with 5 N sodium hydroxide (abou* 150 ml
will be required). Transfer solution to a 1 liter volumetric
flask and dilute to the mark with distilled water. For work
with brines, additional NaCl should be added to raise the
chloride level to twice the highest expected level of chlo-
ride in the sample.

2. Sodium fluoride, stock solution: 1.0 ml = 0.1 mg F. Dissolve
0.2210 g of sodium fluoride in distilled water and dilute to
1 liter in a volumetric flask. Store in che~ical-resistant
glass or polyethylene.

3. Sodium fluoride, standard solution: 1.0 ml = 0.01 mg F. Di-
lute 100.0 m1 of sodium fluoride stock solution (H.2) to 1000
m] with distilled water.

4, Sodium hydroxide, 5N: Dissolve 200 g sodium hydroxide in dis-

tilled water, cool and dilute to 1 liter.

_I. CALIBRATION
1. Prepare a series of standards using the fluoride standard
solution (H.3) in the range of 0 to 2.00 mg/1 oy diluting
appropriate volume to 50.0 ml. Th2 following series may be

used.

R R L S AR aLT.



Millimeter of Standard
(1.0 m1 = 0,01 mg/F)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
8.00
10.00

2. Calibration of Electrometer:
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Concentration when Diluted
to 50 m1. mg F/liter

0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.60
2.00

Proceed as described in (I.1).

Using semilogarithmic graph paper,plot the concentration of

fluoride in mg/liter on the log axis vs. the electrode poten-

tial developed in the standard on the linear axis, starting

with the lowest concentration at the bottom of the scale.

Calibration of a selective ion meter: Follow the directions

of the manufacturer for the operation of the instrument.

DETERMINATION

Place 50.0 m1 sample or standard solution and 50.0 ml of buffer

(See Note) in a 150 ml beaker.

Place on a magnetic¢ stirrer and

mix at medium speed, Immerse the electrodes in the solution and
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observe the meter reading while mixing. The electrodes must re-

main in the solution for at least three minutes or until the read-
ing has stabilized. At concentrations under 0.5 mg/liter F, it
may require as long as five minutes to reach a stable meter read-
ing; high concentrations stabilize more quickly. If a pH meter
is used, record the potential measurement for each unknown sample
and convert the potential reading to the Tluoride ion concentra-
tion of the unknown using the standard curve. If a selective ion
meter is used, read the fluoride level in the unknown sample di-
rectly in mg/1 on the fluoride scale.
NOTE: For industrial waste samples, this amount of buffer may not
be adequate. Analyst should check pH first. If highly basic
(>9), add 1 N HC1 to adjust pH to 8.3.
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6.1.A.33.0 COLORIMETRIC DETERMINATION OF FLUORIDE IN WATER

A.

PURPOSE

To provide an analytical method for fluoride in water samples.

SCOPE
This analytical procedure applies to the analysis of all routine

well water and surface water samnles,

RESPONSIBILITIES

It is the responsibility of the Environmental Chemist to ensure
that this procedure is followed by the analyst and to evaluate

the analytical results.
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