
UnC mining AblLLinG SERVECES,InC,,
'

4 D.ckel yo mo2- -

fod
Subsidiary of United Nuclear Corporation P. O. Box 2996 Telephone 307/358-5112
A UnC RESOURCES Company Casper, Wyorning 82602
June 16,1981 'O, C/I?/*

CERTIFIEDMA!LN0.314678)pfg3

-

*tR'equested3%Return R

'^"'/rc3_h 7f
U. S. NUCLEAR REGULATORY COMMISSION ~,
Uranium Recovery Licensing Branch s :'i ,e W
Washington, D. C. 20555 v p y*q 'u'

f D' ]Q
'

-

Attn: Mr. R. A. Scarano I,..
'f.

4|~ y 4 . 5p
j.

D.

3 .

RE: Docket No. 40-8602 ' 1 s p'//S
'

y''/[gN
Source Material License SUA-1356 P

UAmendment No. 2 'f.
License Condition No.9 4-A&B Qi) Ira.

/
-

'

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: ,

1. Water Quality Program
@ * 2. Air Quality Program

( A 3. Vegetation Sampling
4 4. Soil Sampling >

g gf 5. Laboratory Quality Assurance Program -,

4 Camp Dresser & McKee Inc.
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C 6. Laboratory Quality Assurance Program --

93 UNC Mining and Milling Services, Inc.
A 7. Appendi::es

F 8. UNC Map No. 2038, entitled "U.S. NRC SU".1356f Condition 44-B Restricted Area Boundary Map of
4 N Morton Ranch Project," dated June 1, 1981
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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-ionizedwater).

2. R~inse all equipment after washing, with de-ionized water, three

| rinses, then sample water.

- 3. Clean cells for conductivity meter with appropriate brush and

de-ionized water.'

[ 4. If using a pH meter, rinse the electrode and thermometer with

| de-ionized water. If pH 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 a11 sample containers have lids securely in place.
7

Pack all sampling equipment and make sure that all glassware

and fragile materials are protected from breakage. All equip-

ment should be packed to avoid dust contamination.

<

B. SURFACE WATER SITES
o
U 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 sampled.

Tbiswatershouldbepouredout,awayfromactualsamplepoint.

This should be done either on stream or pond bank, or down stream

of sample point.
.

)
3. Fill sample containers. This should be done against the natural

flow of the water. If possible, the sample should be taken at

least six inches below the surface of the water. Care should

be taken to avoid contact of sample container with the bottom

of stream bed.,

|
'

-4. Imediately 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. Obtain read-

ing and record immediately.
.

,

6. Filter and preserve sample if needed, following designated pro-
C')

,

'

cedures."
,
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7. Always take cxtreme care to avoid cross contamination of samples

(i.e. switching container lids, or reusing equipment without

cleaning it properly).

8. Always follow all applicable safety procedures.

9. Mark 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
p,,

'

j V the lid is secure.

11.- Rinse pH prebe and thermometer and other probes with de-ionized~

water. .
,

I

:

~

;

#%,

N)

L
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E. PREPARING SAMPLES FOR SHIPPING

'
1. Check all sample containers for proper information and legibility.

2. Tighten all caps securely.

3. Fill out snipping orders; use one set for each different sample.

4. Place yellow copy inside the shipping box with the sample.

5. Insert green copy into " Packing List Enclosed" envelope and

attach envelope to outside of box.

6. Seal shipping box and attach mailing label to top of box.

-O 7. The white copy of the shipping order is filed in the active

analysis file.

8. Submit pink copy to the Purchasing Department,

F. MONITORING PARAMETERS

Monitoring parameters for water samples are presented in Tables

.1 and 2.

G. SEDIMENT SAMPLES

Sediment samples are collected at surface water sampling sites

after spring run-off and late sumer following a p.eriod of extended

low water flow.

g Sediment samples are collected from up-stream and down-stream of

each site then composited for proper analysis.
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6.1.A.I.6 WATER SAMPLING PROCEDURES

,

A. PREPARATION

1. Sample Containers

a. Wash all sample containers, with caps on, with rad-cleaner

(10%FL-70 detergent /90%de-ionizedwater.)

b'. Rinse all containers in three rinses of de-ionized water.

( (If 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
|

thecontainers.)

c. Cap al.1 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.

c. Rinse three times with de-ionized water.

d. Re-assemble 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.

.

e
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B. SAMPLE COLLECTION

1. Take piezometer reading to 100ths foot accuracy. Record data

in the field notebook.
I

2. Use bailer or pump to collect the water from the well. The

first bailer full, or the first few pump cycles, should be

used to rinse the collection vessel. (Be sure to dump any

waste water at least five feet away from well casing to ore-

ventcontamination.)

3. Collect enough water to fill all sample containers (about
,c\
U 4 gallons). Five gallon Cerry Jugs, cleaned at the same time

as the sample containers, may be used to collect the required
.

amount.

4. Set up and calibrate dissolved oxygen meter. Take D-0 raad-

ing and record in field notebook. If several samples are

to be tested, calibration need be done only once and the meter

may be left on between readings.

5. Make pH and conductivity measurements on the collected water.

6. Calibrate pH meter with buffered standards closest to the
'

expected pH of the sample.

'7 . Fill 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 notebook, as well as the time these readings were taken.

,

e - , -- -., -, . - - ~ . , -
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Rinse pH meter probe and thermometer with de-ionized water after

each reading is taken.

8. 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 readirig in the field notebook.

(~
C. SAMPLE PREPARATION AND PRESERVATION

1. Fill two (2) gallo'n 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.

2. Filter one (1) pint of sample water into a pint container. Preserve

with 2 cl Sulfuric Acid (H SO ). Label the sample container with2 4

the sample location, month, S(H SO ) and date sample was taken;2 4

example: MW-14-1-S.

3. Filter three (3) gallons of sample into separate gallon containers.

. Preserve each with 15 20 ml Hitric Acid (HNO ). Label with sample
3,

location, month, N(HNO ) and date sample was taken.
3

,

.,

.

.
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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 samples are to'be handled at the same time, care must

be taken to prevent cross contamination between samples.a

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 s 'arly labeled.

e. If more than one preservative is used, make sure that the

graduated cylinder used for measuring and dispensing of acids

is cleaned between each type of preservative.

3. Samples which require filtration may not sit in excess of six bc ys

prior to filtration.

4. .Be sure all necessary information for each sample has been recorded

in the field notebook. This includes sample designation number,
o
%,

.

D

. %
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time, date, pH, conductivity, dissolved oxygen, location, and
,

static water level. Any other pertinent info;mation regarding

a sample should be recorded at this time.

5. Sample designation number is standardized in the following manner:

Location Month Preservation
. .

MW-14 1, N or S

In this case the information reflects that this sample was pulled

(, from Monitor Well-14 in January and preserved with Nitric Acid

(HNO ) or Sulfuric Acid (H 50 ).
'

3 2 4

6. Preservation of samples for radiological analysis are tabulated

and presented in Table 1.

7. A list of chemical analyses required on all water samples is

presented in Table 2.

_

e

'';_x.
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TABLE 1
PROCEDURES FOR PRESERVATION .-

0F SAMPLES FOR RADIOLOGICAL ANALYSIS

Vol.
,

Req. llolding
Measurement Filter (ml) Container Preservation Time

'

Gross Alpha Not Filtered 500 P,G liN0 depends upon3
half-life of
the radio-- -

,

ms' nuclide

Dis. Unat Filtered 1000 P.G llN0 6 Months3

Dis. Ra-226 Filtered 1000 P,G llN0 6 Months3

Dis. Th-230 Filtered 500 P.G llN0 6 Months3

Dis. Pb-210 Filtered 1000 P,G llN0 611onths3

Dis. Po-210 Filtered 250 P,G llN0 10 Days3

6 MonthsSus. Unat Not Filtered 1000 P,G ----

Sus. Ra-226 t[otFiltered 1000 P,G 6 Months----

Sus. Pb-210 Filtered 1000 P,G llN0 6 Months3
'

Sus. Po-210 ' Filtered 250 P,G llNO 10 Days3
'

6 MonthsSus. Th-230. Not Filtered 1000 P,G ----

a
,

.

'9

- -
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TABLE 2
CHEMICAL ANALYSIS

REQUIRED ON ALL WATER SAMPLES

2 Gallon Sample - Filtered and Preserved with Nitric Acid.

Aluminum Manganese
Arsenic Mercury
Barium Molybdenum
Cadmium Nickel
Calcium Potassium
Chromium Selenium
Cobalt Silver
Copper Sodium
Iron Vanadium
Lead Zinc

{} Magnesium
,

2 Gallon Sample - Not Filtered. No Preservation.

Bicarbonate Fluoride
Carbonate Sulfate
Baron -TDS
Chloride TSS

,

:
1

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 pH"'

Conductivity Dissolved Oxygen
,

.

L_
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TABLE 2 (C0flTItiUED)

RECONfalENDATION FOlt SA31PLING AND PRESEltVATION
OF SAMPLES ACCOltDING TO AIEASUllEhlENT'"

Vol.
Req. IIolding

Measurement (nj Container'" Preservative Time"'
,

.

100 Physical Properties

Color 50 P.G Cool. 4*C 24 I f rs.

Condustance 100 P,G Cool, 4*C 24 Ilts.*, ,

^

Ilardness 100 P.G Cool 4*C 6 Mos. .'*
-

ilNO, to plI<2

Odor 200 G only Cool, 4*C 24 firs.

pil 25 P,G Det. on site 6 lirs.

Residue

Filterable 100 P.G Cool, 4*C 7 Days
.

. Non-
Filterable 100 P,G Cool. 4*C 7 Days

Total 100 P,0 Cool. 4*C 7 Days
'

Volatile 100 P.G Cool, 4*C 7 Days .

Settleable Matter 1000 P.G None Req. 24 Ifrs.

Temperature 1000 P.G Det. oa site No llolding
.

Turbidity 100 P,G Cool, 4*C 7 Days

200 Metais

Dissolved 200 P.G Filter on site 6 Mos."
IINO to plI<23

Suspended 200 Filter on site 6 Mos.

Total 100 P.G IINO to pil<2 6 Mos.*3
,

xvi

.

c
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TABLE 2 (C0ilTIf10ED) '
S.

Vol.
Req. Ilo! ding

Measurement (ml) Container"' Preservative Time"'

' Mercury
Dissolved 100 P,G Filter on site 38 Days

IINO to plI<2 (Glass)3

13 Days
(!!ard

* Plastic)

IINO to p!!<2 38 DaysTotal 100 P.G 3

(Glass)
13 Days

(llard,

Plastic)

~

300 Inorpnics, twon-Metallies

*

Acidity 100 PG None Req 24 Ifrs.*
.

Alkalinity 100 P.G Cool. 4*C 24 lirs.

Bromide 100 P,G Cool 4*C 24 ists.

Chloride 50 P,G None Req. 7 Days

Chlorine 200 P.G Det. on site No Italdi ,
,

Cyanides 500 P,G Cool. 4*C 24 Ilts.
NaOli to pII 12

Fluoride 300 P.G None Req. 7 Days

lodide 100 P,0 Cool. 4*C 24 lirs. -

*

Nitrogen

Ammonia 400 P.G Cool 4*C 24 lirs.
1150 to pil < 22

Kjeldahl, Total 500 P.G Cool. 4*C 24 I f rs.'''
II SO. to pil <23

Nitrate plus Nitrite 100 PG Cool. 4*C 24 Ifri '''
IIaSO. to pil <2

Nitrate 100 PG Cool. 4*C 24 Ilts.

Nitrite 50 P.G Cool. 4*C 48 lirs.

)J

xvii
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TABLE 2 (CONTINUED)
-

Vol.
Req. Holding

Measurement (ml) Container"' Preservative Time"'

Dissolved Oxygeu
Prote 300 G only Det. on site Nc. Ifolding

Winkler 300 G only Fix on site J-8 Ilours

Phosphorus
'

Ortho-
phosphate, 50 PG Filter on site 24 Ilrs.
Dissolved Cool 4*C

liydrolyzable 50 P,0 Cool. 4*C 24 lirs.'"
11 S0 to plI<223

'' )L

Total 50 PG Cool. 4*C 24 lirs.'*
II SO. to pII < 22

Total, 50 P,0 Filter on site - 24 lirs.'"
Dissolved Cool. 4*C

1150. to plI < 22

Silica 50 P only Cool. 4*C 7 Days

Sulfate 50 P,G Cool, 4*C 7 Days

SulGde 500 P,G 2 ml rinc 24 lirs. s
acetate

Sulnte 50 PG Det. on site No Ifoldin; .

400 Organics*

.

BOD 1000 P,G Cool, 4*C 24 !!rs.

II SO, to plI < 2 7 Days'"COD 50 P,G 2

Oil & Grease 1000 G only Cool. 4*C 24 Ifrs.
IlaSO. or !!Cl to plI <2

Organic carbon 25 P,G Cool, <*C 24 lirs.
II SO. or IICI to plI<22

Phenotics 500 G only Cool 4*C 24 Ilrs.
II PO. to plI<43

1.0 g CuSO./l
n

MBAS 250 PG Cool 4*C 24 Ilts.
.

XViii
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E. PREPARING SAMPLES FOR SHIPPING

1. Check all sample containers for proper information and legibility.

2. Tighten all caps securely.

3. Fill out shipping orders; use one set for each different sample,

4. Place yellow copy inside the shipping box with the sample,

5. Insert green copy into " Packing List Enclosed" envelope and

attach envelope to o'utside of box.

6. Seal shipping box and attach mailing label to top of box.
/

'd 7. The white copy of the shipping order is filed in the active

analysis file.

8. Submit the pink copy to the Purchasing Department.

.

9

4

e

4
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6.1.A.1.7 ODERATION INSTRUCTIONS: PIEZ0F TER

A. PREPARATION

1. Before going into the field, test piezometer batteries. Open

housing lid to allow meter to function. Dip electrode in

water; if meter needle registers, batteries are operational.

B. OPERATION

1. Lower cable into well. When electrode reaches water lever,

meter will register a steady, positive reading.

2. Using a 10 foot engineer'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 n'imber, date, time, and static water
!

I level in tFe field notebook.

!

l

.
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6.1.A.1.8 PNEUMATIC WELL PUMP SYSTEM OPERATING INSTRUCTIONS

A. PREPARATION

1. 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 pump.

2. Clean pump interior and exterior thoroughly with rad-cleaner.

Rinse with.de-ionized water.

("D '
B. OPEMTION

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 to 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, until no less than one gallon has been
,

pumped. Discard water at least five feet from well casing.

7. Collect the required volume of water sample.

8. Once sampling has been completed, disconnect air compressor

() supply line from regulator, tt.en disconnect regulator from air

hose.

_ _ _ . . _ _ _ _ _ _.___ _ _ _ _ _ _ .
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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.

.

*~-

+

.

|

|

|

-hJ
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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.

|-Q B. USE OF BAILER

1. Uncap well.

2. Lower bailer bucket by attached cord until bucket reaches water i

| and ' fills.

3. Raise bailer and dump first bucket of water well away from casing.

4. Refill bailer and use water to rfnse' sample containers; dump

water well avay 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 kcl solution if necessary

using the following steps:

1. Prepare the kcl solution.

2. Remove "0" ring and old membrane. Thoroughly rinse the sensor

with K;l solution (electrolyte).

3. Fill sensor body with electrolyte while gently pumping the diaphramQ
with a blunt object (eraser end of pencil) to remove any air

bubbles.

4. Replace the membrane and "0" ring (check for wrinkles in membrane

or trapped air bubbles).

B. OPERATING PROCEDURES

1. With switch 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.

2. Switch to RED LINE and adjust RED LINE knob until the meter needle

aligns with the red mark at the 31' position.

3. Switch to ZER0 and adjust to zero with zero control knob.

s
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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 15 minutes for optimum probe stabilization.

Repolarize whenever the instrument has been off or the probe has

been disconnected.

C. CALIBRATION

1. Instrument should be placed in the intended operating positionn
k )

(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 ppa,

discard that value and average the remaining two.
!

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

4. Set the Salinity control to zero or the appropriate salinity value,.

of the sample.

5. Switch the desired ppm range and adjust the calibration control

to the average value determined in Step 2. Allow the probe to

remain in the sample for at least two minutes before setting the

O calibration value, and leave in the sarr.i.,e for an additional two
I

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 "0N."

2. Adjust salinity control knob for the correct salinity.

3. When meter has stabilized, switch to the appropriate range

and read D.0.

4. Leave instrument on between readings to avoid the necessity

h of repolarizing the probe.
U

.

4

6

a

W

w
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6.1.A.I.11 OPERATING INSTRUCTIONS: CONDUCTIVITY METER

A. OPERATING PROCEDURE

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 solution initially, and occassionally

thereafter, to remove grease and tenacious deposits. Rinse the

c. ell with a small quantity of the solution to be sampled before

filling for measurement.o
V

2. Turn the switch to the anticipated range of measurement.

3. Hold the "On" button down and slowly rotate the measuring dial

. pointer until the balance indicator is central.

4. head the measuring dial and multiply by the range factor.

! The result is the specific conductivity of the sample.

5. 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 C.

A
L)
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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-

place the "Ever Ready" type PP4 battery remove the undercover

of the instrument by withdrawing six screws. Disconnect the

(l battery wires and slide the battery from beneath its retainer.
.\_ /

.
.'

4

'

.
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6.1.A.2.0 AIRQUALITYPROGRAMiDEQ-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 and Regu-

lations. Futhermore, additional requirements are dictated by

the Morton Ranch Source Material License SUA-1356 issued by the

U. S. Nuclear Regulatory Commission.

B. INSPECTIONS

Inspections will be conducted by the NRC Enforcement' Division

and the DEQ-AQD representative.

'C. 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 lanuary and July of each

year.

D. PERMITSfx

~ UNC Mining and Milling Services, Ir.c., currently operates under'

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

,

- , , - - - - - , < - - - , - - - - - , - . , - - - - - - - - . . , - - - - - -..
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and expanded mining operations, stripping, etc. 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-13S6 issued by the U. S. Nuclear Regulatory Commission.

.

E. MONITORING REQUIREMENTS

The parameters which shall be monitored to satisfy- the air quality

monitoring requirements include supsended particulates, meteorological

. parameters, and radiological concentrations. Data collection is'

accomplished by the 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 oatlined

in the Morton Ranch Source Material License Application as presented

in Appendix 1.G.O.
,

.

.

9'

a

'
e

4

%.)
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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 to the nearest whole num-

ber and recorded in the first column marked " reading" opposite
bv the correct date. The starting time must be recorded in military

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

Meteorological data may be reported in the form of the Morton Ranch
( *

Weather Station meteorological data printout as approved by the
1

| DEQ-AQD. The only other acceptable. means of reporting this data

is ore the AQDHS report forms. The coding requirements are presented

in Table I.
i

.

A,11 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 two quarters,

(]; reported in July; and the last two quarters, reported in January of

,
each year.

_ _ _ - - _ _ . - _ ._ _ - _ _ _ __ __ _. _..___._____..__2__..._ _ _ . . _ _ _
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TABLE 1
CODING - Code the Air Quality AQDHI forins As follows:

ITEM CODE

State 52
{=

Area 0180

Site ASVX1 810

Site ASVX2 811

'

Site ASVX3 813

Site ASVX4 812
'

Weather Station 805
> .

Project J02

Time 8

Year and Month (7-9-0-9) for September, 1979, etc.)

Parameter Codes

Wind Speed 61101
.

Wind Direction 61102
g ..

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 futare reference.
7

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.

|

|

|

|

!

l O
j %)
|

|

,
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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.

.

B. CALIBRATION

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

({} of radiation.
.

.

L

i

i

.
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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 lid from sampler.

3. onnect small filter holder which holds 5.0 micron membrane

filters. This filter holder should be connected with the side

11 { marked inlet toward the air intake. 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-

p11shed by turning the screw by the switch; turning clockwise

increases the pulse rate.

7. Attach the bag by connecting the plastic nippl a . Make sure

the clasp is open on plastic tubing.

8. Secure the lids. -

|

9. Be sure sampler is pulsing before leaving.

|
|

O.

|
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B. STOPPING PROCEDURE

1. Remove the top of sampler.

2. Turn radon sampler to "Off" position.

3. Close clasp on plastic tubing.

4. Remove radon bag.

5. Secure the lid.

6. Record the radon bag pick-up time and cate.

(D''''
C. REPLACING BATTERIES AND FILTERS

1. Batteries need to be replaced quarterly.

2. To replace batteries, remove lid on sampler.

3. Take out battery pack containing four 12-volt batteries.

4. Replace batteries and place back in sampler.

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

6. Check to see that the sampler is pulsing. -

7. Change 5.0 membrane filter in samplers monthly.

,,

s

. . . . - . _ . . _ - - - . - - . - .. _ - .
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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
_

point, at each sample site. These readings are taken at one-minute

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

0v
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.

I

B. ' INSTRUMENT OPERATION

1. Ludlum Scintillometer (Primary Instrument)

| a. Operating instruction for the Ludlum 19 Micro R Meter are
|

|
presented in " Instruction Manual - Model 19 Micro R Meter,"

Appendix 2.5.0.

2. SC-132 Scintillometer (Alternate Instrument)

3. Preparation

1. Check batteries prior to use.
,,

..

|
. . . . , - . - - - . . - , .-- . . ,. . . - . . - - . . - - , . . - . - - . - - - - - - . - . . --
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b. 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.

2. If necessary, replace batteries.

3. Set " Function" switch to 1 sec. or 4 sec.
,

4. Adjust Meter Scale Multiplier control so the meter de-

flection for the background will be on the upper half
.O

of the meter scale.

5. Take readings and record.

c. Additonal Information

1. Due to energy dependent characteristics of the SC-132

Scintillometer survey meter, it is necessary to estab-

lish a cross calibration curve to allow correction of

readings is the actual gama dose readings as illustrated in

Table 2, and Figure 1.

Gama Source with an activity of 1.7276 + 0.0864pCi
_,

. was applied in cross calibration of the SC-132 Scintil-
,

#- lometer vs. the Pressurized Ionization Chamber (PCI).;

O

-

______.___m__m.-___________m__
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2. PressurizedIonizationChamber(Primary Instrument)

a. Preparation

1. Check batteries.

2. 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 contrel and readout housing.

b. Operating Procedure
(m.
b

1. Turn " Mode" switch to battery position.

2. Turn "Electometer" switch to "Zero" and wait~

60 seconds to allow transient charging currsnt

to die out before proceeding.

3. Turn "Electrometer" switch to " Read." After

a 10-second delay, the signal will appear an
I

the chart recorder.

4. 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.

5. Continue to record background gamma dose rate

b 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 " Mode" switch to off position.

d. Additional Information
.

1. PIC should be calibrated annually by the Manu-

facturer.
,

_

C. CALIBRATION

All instruments should be calibrated semi-annually by the

manufacturer.

!
|

l
|

|

C)
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TABLE 2 - CROSS CALIBRATION OF SC-132 vs. PIC WITH CS-137 STANDARD GAMMA SOURCE

SOURCE DISTANCE SC-132 SC-132 PIC
DATE (F1.) CPS uR/hr pR/hr

01.10-79 10 105 1 3.52 13.34 1 0.46 17 1 1.46

01-10-79 9 115 1 3.79 14.61 1 0.48 18 1 1.50

01-10-79 8 125 1 3.95 15.88 1 0.50 20 1 1.58

01-10-79 7 140 1 4.18 17.78 1 0.53 22 1 1.66

i 01-10-79 6 160 1 4.47 20.32 1 0.57 25 1 1.77

01-10-79 5 190 1 4.87 24.13 1 0.62 28 1 1.87

(3 . 01-10-79 4 260 1 5.70 33.02 1 0.72 35 1 2.09

;
1

!

!

|
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! I'IGURE 1 - CROSS-CALIBRATION CURVE
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* FIELD CtnA DOSE SURVEY FIGURE 2

. .

TECHNICNf:
*

,

,

" '
Instruments Date & Time Location to on hr R p r

Pressurized
Ionization .

Chamber
(PIC)

Portable
- Scintillometer

- {v}
L-19

-

,

Portable
Scintilloneter

-

SC-132

RDERK:
,

TECHNICAN:

Pressurized
Ionization

Chamber
(PIC)

Portable
Scintillometer

L-19 ,

.

Portable
Scintillometer

SC-132
*

e
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|. 6.1.A.2.7 MONITORING PROCEDURES

l

A. 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

G quarterly. The Nuclear Regulatory Commission requires seni-annual
. V

reporting of the Hi-Volume air particulate data, Low-Volume air'

sampler operational data air' filter analyt.is data, meteorologicall

data, and Radon 222 data.

L Fugitive dust emissions must be monitored visually whenever strip-

ping and/or mining activities are in progress. If high visible dust

emission tre evident, corrective actions must be undertaken in ac-

cordance with the established Morton Ranch Dust Abatement Program.

v(~'T
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; TABLE 1 |

1981 AIR SAMPLING SCHEDULE )
|
I

i lst Quarter January February March |
l

4 Su 3T 5 Th
10 Sa 9M 11 W l

16-F 15 Su 17 T
<

i 22 Th 21 Sa 23 M I

28 W 27 F 29 Su
|

|

2nd Quarter April May June.p
\.J'

| 4 Sa 4M 3W
! 10 F 10 Su 9T

16 Th 16 Sa 15 M-

22 W 22 F 21 Su
28 T 28 Th 27 Sa

3rd Quarter July August September

3F 2 Su 1T
9 Th 8 Sa 7M

1S W 14 F 13 Su
21 T 20 Th 19 Sa
27 M 26 W 25 F

- .

4th Quarter October November December

1 Th 6F 6 Su
7W 12 Th 12 Sa .

| 13 T 18 W 18 F
(~ 19 M 24 T 24 Th

.
25 Su 30 M 30 W'

, (} 31 Sa
' '"

.
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6.1.A.2.8 TOTAL SUSPENDED 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.

(al
3. Checkoil level gauge on side of vacuum pump for proper

oil level. Add oil if required.

~

4. Insert copper tubing through rubber stopper in flask

prior to starting pump.

5. Allow vacuum pump to operate 10 to 15 seconds, close

valve on right, then turn off pump.

6. Unlatch door and check seal.

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

seal.

8. If door has sealed properly, tightly close valve located

on right hand side of desiccat or.

9. Turn off vauum pump.

10. Record time.
O
L/ 11. Remove filters from desiccator after 24 hours drying time.

12. Weigh filters immediately after removal from desiccator.

_ . _ - _ . _ _ . _ _ _ _ _ _ _ _ _ _ - _ . _ _ . . . _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ .
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b. Weighing Filters

1. Prior to use of balance, check all zero points.*

Zero points include two 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 line of the optical -

scale. Arrest balance.
,-
V 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 of balance.

5. Rotate release lever 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 micronieter

(? dial until reading maric coincides with one line on
Lj

the optical scale.

- 9. Record the tare (dry) weight on plastic bag.

- . - - - - _ . . - _ . . _ _ _ - . .-
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10. Arrest balance.

11. Remove filter from balance pan and transfer to

labeled plastic bag.

c. Set-Up

1. Place filter, rough side up, on bottom half of fil-

ter frame. Put top half of frame over filter and
' hand tighten the round brass nuts.

2. Cover filter and frame with protective cover.

3. Record filter tare weight, sampling date and sampler.

name in field log book and on plastic bag.
<

4. On the back of a recorder chart record tare weight,

sampling date and sampler name.

5. Repeat steps 1 through 4 for each filter used.

d. Filter Pick-up and Replacement

1. Lift m;' saver cover from filter frame in sampler.

| 2. Loosen the four corner wing nuts which secure the

filter frame and remove frame. Imediately place

protective cover over filter and filter frame.

3. Place fresh filter and filter frame in sampler and

secure the frame with the wing nuts.

4. Remove protective cover from fresh filter and lower

(v') sample saver to cover filter. Align filter frame~

with sample saver cover.

, , . __ ._. _ _ _ . _ _ __ _ _ . . _ . _



S;ction Name Envir:nmental/Radiati:n

Policy / Procedure 6.1.A.2.8

4 Of 11Page

Date Issued April 1, 1981
'

Supersedes , New ,

/# /
~ APPROVED

-

/ vy

5. Open recorder door, lift pen from chart and remove

chart.

6. Place new, properly numbered chart in recorder being

careful 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 tne 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 "0N" 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 lid 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.

(v'i
13. Place filter and chart in -properly identified plastic

,

bag.

. _ . _ __ ._ _e _ __ __
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14. Record date, military time, sampler run time (as

recorded by the digital recorder) and any coments

in the field log book.

e. Handling of Used Filters

1. Place filter, with corresponding recorder chaht on

top, in vacuum desiccator following steps a.1 through

a.12 above.

2. Weigh filters, after desic:ation, following steps

b.1 through b.11 above. Tare weight 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 t!uring which sampling
3occurred, the total volume of air sampled (m ), and

the total corrected weight for the month.
.

2. Place all semples 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.,
,
Q ,!

-~
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B. HI-VOLUME AIR SAMPLER CALIBRATION

1. Quarterly In-House Calibration

a. Place clean filter in air sampler and allow to run for

approximately 30 minutes for warm up prior to calibration.

b. Stop motor and remove filter.

c. Place calibration cover over filter holder and secure.
d

d. Place #18 calib,ation plate, seal side down, over open-

ing in calibration cover and attach calibration orifice.

e. Place chart in recorder, lower pen to paper and zero pen.
,,

'J f. Attach manometer to side of air sampler housing. Adjust

measure in center to read zero at fluid level miniscus.,

g. Start air sampler and allow to run a few seconds before

attaching manometer tube to brass niople on orifice.

(Attaching too quickly may cause some manometer fluid

to be sucked into orifice.)

h. 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.

i. Take manometer reading and chart reading and record.

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

readings.

k. Replace #18 plate with #13 plate. Repeat steps 1.d throughc])
1.3

. . . . _
- . . . -
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1. Replace #13 plate with #10 plate. Repeat steps 1.d through

1.j.

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

1.j.

n. Replace 67 plate with #5 plate. Repeat steps 1.d through

1.j.

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

a se:oid time after completion of the first run.

NOTE: Temperature and barometric pressure for calculations
,n

( ') shall be obtained from the Morton Ranch Metero-'~

logical station.

2. Orifice Calibration

Each Hi-Volume calibration . orifice and manometer shall bea.

sent tto the EPA for proper calibration once a year.

C. 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.'

,(V . i7
i

. .__ _ _ ._- . . _ . _ . _ .
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1. Filter Replacement

Each Low-Volume sample.r requires replacement of the 102 mm

diameter circular filter once per week. Two fresh filters

are required at each sample site,

s. 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 "0FF" position.
(-
(i c. 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 c through g for the second sampler at the site.

%.)

.

v w - - - - - + - - - -w,w w -,- g ,w--- ---r- .m e- m
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1. Before leaving sampler site, throw circuit breaker on

power pole to "0N" position. There will be a short time

lag before the sampler starts.

2. Preparing Filbrs for Analysis

a. At the er.d of each quarter, separate the filters for

each sampler by month. Place all filters for each
,

month in a plastic bag labeled with the samtler desig-*

nation number, the month during which samplfng occurred,
3the total volume of air sampled (m ), 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 designation number

and the months during which the samples were collected.
|

c. Submit for analysis.

D. LOW-V0tUME 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.

c. Start sampler and allow to run for approximately 30

T3 minutes, then stop.
L)

2,

- . _ .. .- ,-- . .- , . , . , . , , -, . . . . - , - -
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L d. Install calibration orifice and attach manometer to air

| sampler housing. Do not attach manometer tubing at this
|
l time.

e. Adjust manometer rule io that zero point is in line with
I

| fluid miniscus.
1

f. Start sampler and allow to run several seconds before

attaching menometer tube to brass nipple on side of

calibration orifice. Attach manometer tube after
.

initial start-up surge has passed.
: n

V 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 after each reading.

NOTE: Temperature and barometric pressure:for calcu-

lations shall be obtained from the Morton Ranch

Meteorological Station.

2. Annual Orifice Calibration

a. Each Low-Volume calibration orifice shall be returned
.

to the manufacturer for calibration once per year.
. .

g*

W

r=

v
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E. REPLACING AND SEATING BRUSHES

1. Remove the motor from its housing.

2. Remove brackets and brushes.
>

3. Replace with new brackets and brushes.

4. Reassemble motor and housing.

5. Connect voltage variator to motor.

6. Set voltage dial on ,45 volts for 30 minutes.

7. Turn up voltage dial to 75-90 volts and reseat new brushes for

(~') 10 minutes.
x/

8. Brushes 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.
,

F. CALCULATION OF RESULTS

The parciculate data and calibration data should be computed in

accordance with the EPA and manufacturer's recommended procedures

as presented in Appendix 2.8.0.'

.

%

9

w

g..

.

v

I
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6 1 A.2.9 METEOROLOGICAL STATION CoERATING INSTRUCTIONS

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

4t approximately 60 meters; signal conditioners; programable data

acquisition system; keyboard / printer; cassette tape recorder; and

strip chart recorders for each instrument level.

The daily sumary print-out provides daily average, hourly average, ,

minimum and maximum values for each meteorological parameter. In

addition, the' system 1 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 ( e) 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 Comission Regulatory Guide 1.23, Onsite Meteorological

Programs presented in Appendix 2.9.0

'b_

- . _ - . .- . _ . _ _ . - _ . _ _ _ _ _ _ _
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B. OPERATING PROCEDURES

Detailed instructions are presented in Appendix 2.9.1.
.

C. CALIBRATION PROCEDURE

1. Semi-annual system calibration shall be conducted by Tech-

nical Environmental Enterprises, or an equivalerit service.

2. Daily auto-calibration result shall be reviewed for instru-

ment drift.

/' ~^ 3. Signal conditioners shall be recalibrated quarterly, or moreG
frequently if instrument drift occurs.

:

,

w

G'

,
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6.1.A.2.6 VEGETATION SAMPLING

During the grazing period each year, vegetation samples are collected

and analyzed for radiological parameters. These analytical results are

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

A. PROCEDURESt

.

Vegetation samples are collected three times during the Morton Ranch'

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

sampler sites ASVX1 through ASVX4 using the followiag procedu e:
I

i

i 1. Randomly place a one-foot-square plot within the area of tle

air sampler site.

2. Clip all current above-ground vegetative growth 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 clipping until a minimum of 1 kg of

vegetation has been collected.

5. Rccord field data in field notebook.

6. Allow sample to dry 1 - 2 weeks prior to anaylsis.
,

V

_ __ . . . _ . . _ _ _ . _ _ . . . . _ _ _ _ _ . . _ . . _ . _ . _ _ . _ _ _ _ _ . . _ . - - _ _ _ . _ . _
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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 md then

composited for proper analysis.

O
V

.

|
|
|
|

|
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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 procedures, 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. Adequatelv educated and trained personnel.

2. Properly calibrated and maintained equipment.

3. Tested, _ appropriate, written procedures.

4. Quality control to establish the precision and accuracy of
measurements.

.p)\^~
5. Record keeping which meets evidential standards.

.The quality assurance procedures described in this manual are designed to vncet
these requirements. The following sections provide detailed quality assurarice
procedures to be followed both in the field and in the laboratory.

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.

. foM:---
n/i/n

:,
LU
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GENERAL QA PERSONNEL CERTIFICATION
: -

if

All scientific personnel should undergo an initial training before sampling or
analyzing material for clients. Each individual's training extends to both field
and/or laboratory procedures. The field training should include correct use,,

'

of all equipment, proper procedures fo'r field experiments, and insi action 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 form, a copy of which is r'etained'

by the Quality Assurance Manager.

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

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

personally responsible for the training of each technician in his group,

-
i

i

Written O(:- Date 9 92- 77 Q. A.__ UE ' Date 9-9.9- 77',

Approved 4 0 /7 7 , O N V'

,

V
P ge 1 of 1

i (, . ,)
v

-450-



No.3801005 Rr,v.
.

.

EQUIPMENT CALIBRATION AND MAINTENANCE
.

v
Instruments and other measuring and testing devices used 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
cf equipment affecting quality. A copy of these procedures is kept in the files

* q cf the Quality Assurance Department and in the files of the department using the
V 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/or maintenance-

Instruments requiring calibration or maintenance have a prominently displayed
clicker containing the following informatiotu

1. Date of calibration or maintenance-

WRITTEN (JC DATE //- / - 7 7 Q.A. W DnTE // '277|

| APPROVEDj dk/ l/[//77
v <

t (D PAGE 1 OF 2
'

y..i

.
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I 2. Next due date for calibration or maintenance .
,

kA 3. Initials of agent performing calibration or maintenance

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

1. . All data, charts, and citrves pertaining to calibration or maintenance
procedures,. ,

"

2. Date of calibration or maintenance
-

3. Next due date for calibration or maintenance
. .

4. Initi.als of agent performing calibration or maintenance

5. Initials of agent's supervisor (where applicable)

. 6. Accuracy of equipment prior to and follo ig calibration (where
applicable)'

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

,
,

AJ If calibration schedule is not adequately maintained or accuracy as reported in
specifications cannot be attained for a specific"i5st'rument, that instrument is
labeled " HOLD" and is unavailable for use until the specifications are attained.

.

.

L

e

WRITTEN 06 DATE // ;/-7 7 Q.A. UE' DATE //-1-7 7

APPROVED | [\ (A> t/[/7 7
'U .

.m PAGE 2 OF 2

V
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METHOD SELECTION
,

\J
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 samy.es in a variety of matrices. Records of this

"

- supporting information should be provided to the Quality Assurance Manager to be
stored in the permanent archives.

-

The use of a.well-accepted method by itself does not assure reputable results.
;,

Even the most well characterized determinations must be continually monitoced-

with regard to their precision and accuracy as described in the Quality Control
Section. -

h
'

.

.

.

.

? WRITTEN j M DATE f/[//7 7 Q.A. ()7 DATE //-A '7 7

-APPROVE d AW f/// /~7 7
^

y- ,
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_ QUALITY CONTROL

.v

The quality control 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 procedure.s vary considerably between departments. ,However,
certain features are in common: ,

'

1. A specified 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 det' ermined 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 time an assay is perfornv3.
These results must fall within numerically specified acceptance limits
in order for the assay to be accepted.

.v -

. 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 deviations) appropriate to their type of samples.

.

#.

WRITTEN NW DATE f/,[/[? 7 Q. A. UE' 'fiATE ff 2 / 7y -

-APPROVED 0[\ P i////77
U

'

PAGE 1~ OF 1.
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ADEQUATE RECORDS -

L :.
Controlled Documents

All activities affecting quality are described in writing so that any individual pro-
S, cedure can be fully described and supported at a later date. Because any changes

in these written documents must be made in the formalized manner described
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 controlled document is issued a unique document number 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 procedure.

' '

3. 'fhe Quality Assurance Manager reviews the document for completeness,
signs and dates it, and assigns it a document number.

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

. 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 laboratory; the next
digit, the department involved: and the last three digits, the. order of submission

-

to the Quality Assurance Depa12 ment:

CLASS OF DOCUMENT REGIONAL LABORATORY
.1 = Equip. Specifications 80 = CDM/ Accu-Labs
2 = Data Routing Procedures.

3 = Operational Procedures, , ,

.

WRITTEN j $W DATE 1/,[f f7 7 Q.A. VE DATE //J ~7 7y .

APPROVED Q Mu #[h 7
Gr: i.

.1 (OF 3q PAGE
J

.
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DEPARMENT CODE,

O 1 = tabwide
2 = WA
3 = FC
4 = RC
5 = MS
6 = Overburden

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. A. Department.'

.

The Quality Assurance department is responsible for distributing controlled
documents to the appropriate activity cemers.

When a document or form is changed, the document number is Gered corres-
pondingly with a revision letter suftix. To initiate a change in a controlle~d-

document, a change order form (F8019) is completed, signed by the group leadez
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

n' require change in the revision letter, and must be reviewed and initialed byL
3

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, CDM/ 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.

.
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Data Retention
,

'Any data recorded manually in the laboratory is written in ink into cloth boundc() notebooks or pre-printed forms. Any errors in the laboratory notebooks should
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 whicu 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 Manager. 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-wri.tten-

notebook. However, such tapes should be dated, initialed, and easily traceable
to the correct sample and analysis.

.

.

Raw data is normally retained for a minimum 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.

-

.
,

%

N
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..

I
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QUALITY ASSURANCE ORGANIZATION

'

The Quality Assurance Department acts as a monitor for all Quality related
', matters concerning the laboratory, and is independent of all project ac::ivi 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 form $1 basis the implementation of the fiuality
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. Ass'igning control numbers to procedures and forms.

Aj

5. Educating laboratory personnel in general quality assurance requirements
and in the quality assurance requirements of specific agencies.

6. Preparing a monthly writte'n report for management on quality related activitics.
_

The Quality Assurance Department audits all departments on a regular basis
(annually at a minimum) for compliance to the quality assurance program. N

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 diccussed with the group super-
visor and other involved management. At this time a copy of this report is

filed with the quality assurance archives and a schedule of corrective action

(if necessary) is agreed upon.
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QUALITY CONTROL - RADIOCHEMISTRh(3
U

Quality control is accomplished in the Radiochemistry section in the following
'

manner: - -

1. Precision. The precision of each analysis is calculated based on
counting statistics whenever possible. In addition, random samples

~

are repeated, as sample volume permits, to further establish the-

precision.-

.

2. Accuracy. The accuracy of radiochemical ahalyses is determined
by participation in the EPA's Cross Check Program and by the,

analysis of standards with each set of samples.

3. Consistency. 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 d;.eck for instrument co'ntamination.
(See instrument calibration and maintenance procedures. )

'n
. \ l

-

<
,

.

.
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PROCEDURE TO ENSURE QUALITY OF DATA PRODUCED
s

/~

.

An evaluation is mcde to document daily laboratory performance

in determining if valid data are being produced.

First, valid precision and accuracy data should be availabic

on the method and analyst. Thereaf ter, sys.tematic 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

itius are discussed in octail in this section.
Precision and Accuracy .

Precision ~ refers to the reproducibility among replicate obser-

vations. 10ie precision is determine 1 on reference standards which

I! -cover the expected range of concentrations. For colorimetric analyses,

([]) Lthe initial standard curve includes a blank and a series of at least

four standards incompassing the full concentration range to be used

foruroutine sample analyses. Subsequently, three standards are

analyzed'in duplicate to verify the 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 standards and can be reported on a relative or absolute basis,

depending on client preference.
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.

;_;. Percent recovery at each concentration is expressed as the mean

of the two replicate results.

?~ 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 appropriate Quality Control data and chart noteboik (F8001,

F8002, F800 3) . 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 analysis 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.
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Duplicates of .a-tual samples are intermittently dispersed

throughout a series of samples to be analyzed without the analyst's
,

I
- -knowledge. The results for the -analysis of those " blind repests"

n,

'are recorded on' form F8024.

.In addition to analyzing standards , reference se mpics are
-

:

!analyzed :that were' formulated by the Environmental Protection
.

Agency. (unknown to the analyst) . This outside sample confirms

the accuracy of the method and analyst. The results of these
.

analyses- are reco'rded- on form F8023.
.

.

.

*D ~ .

.[\ / <.-

Standard Methods for the Examination of Water and Wastewater,
.

14 th ' Edition, . '19 75, pages 26- 33.

,

)

A f

.
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WATER LABORATORY PERSONNEL CERTIFICAT,10N,

,

O
'

1, ) 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 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 ur. der

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
initials the entry to " certify" the analyst..

.
-

C,)* The Group Supervisor is responsible for training but muy as appropriate'
.

- delegate the job of training to someone else. (This is documented by the
initials of the trainer on the Personnel Certification Form)

.

.

.

.
.

..

.

. . . . . . . . - - - - -
,_ _ __

.

.
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CE!;ERAL QA PERSO:::;EL CERTIFICATIO ;

All scientific personnel should undergo an init'ial training before samp1-
ing or analyzing n:sterial for clients. Each indiv!'aal's training extends
to both field and/or laboratory procedures. The ffeld trainin; should in-

_

clude correct use of all equipment, proper procedures for field experiments
and instruction for handling storage, shipping, cleaning and preservation
procedures. ,

3-

Ihc laboratory training should basically consist of: 1) The trainee read-'

ing the procedure and becoming f amiliar with the reagents and equipment
used. 2) The trainee preparing and analyzing a set of standards in dupli-
cute under the supervisors direction. These should f all within the accept-
able set of limits in the Quality Control Book. 3) The trainee independ-,

ently preparing a set of known samples along wits blanks and standards
in duplicate without help from the other per sonnel or supervisor.

The date, assay, location of analysis and the supervisor's initials are then
logged on the Personnel Certification form, a copy of whidt is retained by
the Quality Assurance Manager.

. The certification may be renewed according to the supeaisors discretion if
new procedures or equipment are implemented, or cver a ertain period of time..,

,

The Group Supervisors, or a delegate appointed specifically by memo, are
personally responsible for the vaining of each technf an in his group.

.

.

..
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. QUALITY CONTROL - WATER |

;. .

-

\ ~'' Quality ' Control in the Water Laboratory includes the following:

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

2 Spiked Sample Analyses. 10"x of all analyses are rm i ly spiked-

- .to determine recovery and accuracy; control charts e e generated
from these data.-

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

.

,
4. Standards. The in'strumental response of a Standard is charted

with each analytical run'to determine the comparability with past
performance of the method..

5 Data Acceptance. Data which falls cuiside accept: nce limits.

.(13 sigma, 99% confidence level) will not be reported. Data
which falls between 2 sigma and 3 sigmr(95% confidence level)
shall be immediately brought to the attention of the supervisor

;., ,) and reported at his discretion. ..

6. Control Parameters. Unless specifically ordered by the super--

~ visor, data accepta6ility will be tested by the results of spiked
sample analyses. For determinations for which this is not feasible,.

the re.sults of Standards will typically be used. -

.

.

.

.

.
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^~~3 /' CAMP DRESSER & McKEE INC.

onwnorrpentes engneers, scentists, t14h West 48th Avenue
pannert & v.,..- ,J consuttants Wheat Rdge, Colorado 80033

303 422 4469

C- QUALITY ASSURANCE PROGRAM4

Camp Dresser & McKee has an efficient 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.

Alllaboratory 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 checked 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 to
the receipt of the sample.

All instruments used in analysis have maintenance and calibration schedules which are
/l rigorously followed. All instruments are checked and standardized whenever an analytical
~ "' measurement is made. Wherever possible, instruments are calibrated against NBS

Stand'rds such as NBS Certified Thermometers.

Camp Dresser & McKee has programs for hiint! repeats, duplicate analyses and the
use of standard samples such as NBS Certified Chemical Standards 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 active program for the continuing education of its personnel through
college courses, short refresher courses, seninars 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 instrumem calibration and maintenance procedures and is

continually maintained. These procedures are not deviated from unless revisions are

| approved t.hrough proper channelm Camp Dresser & McKee Quality Assurance
| Manual, listing all these procedtwa, is proprietary; however, at the initiation of a
i project, the client can receive a copy of a Quality Assurance Manual specifically

designed for the needs of his project.

! O Camp Dresser & McKee encocages client audits, inspection of its facilities and analyses
L

'# of its programs.

I

e
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RADIOCHEMISTRY SERVICE

Camp Dresser & McKee offers a comprehensive radiochemical analysis service
specializing in analysis of water. soll, 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 analyzed 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 procedures

insures that accurate and precise results are obtained.

b)" Quality control is maintained by a program of analyzing standards, blanks, and
repeat determin tions with each set of samples. Accuracy of the results is further assureds

by participation in the EPA cross-check program. In this program, the EPA distributes
samples of unknown radioactivity to the' participating laboratories who then perform the
required analysis and send their resnits 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 instmment contamination.
l

B. Procedure Development
Currently the EPA is engaged in a program of establishing atandardized procedures

for the analysis of various radioisotopes. Laboratories taking cart in the EPA cross-
check program are asked to submt'. 7 pies of procedures they use for a specific analysin.
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 thia program to the fullest, extent possible.

C. "*tection Limitt,

' 7] Detection ilmits, given adequate sample, are generally well within the limits
b 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,1.96cr.
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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 scheduling.

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 i
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 is 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. Acidificatien 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 be considered
potentially soluble radioactivity and included in the analysis.) Samples for tritium, cesium,
iodine, 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

O to -1oa -e a ir vo inte- A - li -9 e grea r tie ree mer e ch rsedrertae e whics re1 s
not.

G. Sample Size
.

The following volumes and weights are required in order to assure meeting of EPA,
APHA, and State Health Department requirements.

Determination Volume (ml) Weight (g) for Solids *
Gross Alpha & Beta 500 0.1
Radium 226, 223, 224 1000 5

Thorium 230 500 5

'Strontimn 90 1000 S

Lead 210 1000 5
Polonium 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

~O All ch rges are for s mples delivered to the laboratory or shipped to Denver.

.
Bus servhe 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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D Safety

E Quality Control

F Interferences

G Apparatus

. f)v

2
. . . _ .. . _ . . _ . . _ _ . _ . _ . _ _ . , . _ _ _ . _ . _ . _ - _ . . _ . _ . _ , _ , _ _ _ _ . . . _ . _ . . _ _ . . .
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ym,-
,.v H Reagents-

~~

I- Determination

'J Calculations
Y-

'6.1.A.35.0 Colorimetric Determination of Nitrate Nitrogen in Water

A Purpose

B Scope

C - Responsibilities

D Safety

E Quality Control

F Interferences

G Apparatus

H Reagents

I Determination
'

d~]
-

J Calculation

6.1.A.36.0 Determination of Nitrate-Nitrite Nitrogen in Water

A Purpose

B Scope

C Responsibilities

D Safety
|
! E Quality Control

.

' F Interferences

G Apparatus

H Reagents

I Determination

J Calculation'

. }/~),.
v.

? -

L
.
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|(]) 6.1. A. 37. 0 Determination of Nitrite Nitrogen in Water
. s.

A Purpose
~

B Scope

C Responsibilities

D' Safety

E- Quality Control

F Interferences

G Apparatus

H Reagents

I Determination

._
J Calculation

6.1.A.38.0 Gravimetric Determination of Sulfate in Water
.

A . Purpose
.

~v' B- Scope

C Responsibilities

D. . Safety

E Quality Control

F Interferences

G Apparatus

H Reagents

I Determination

J Calculation

6.1.A.39.0 Turbidimetric Determination of Sulfate in Water
8

-A Purpose

B- Scope

( C Responsibilities
.ui-

. . . - - . . . . -. _ , . . . . . . , -- - _... _. ,.~ _ _ . . - . _ _ _ _ _ _ , _ . . _ . _ _ _ _ . _ . _ , . , _ . _ . - - _ _ - . . _ , - - --
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:Q D Safety
,

E Quality Control

F Apparatus

G Reagents , -
--

H- Determination

'I Calculations -

5 6.l'. A.4 0. 0 Determination of Total' Dissolved Solids

-A Put p se

B. Scope
,

C Responsibilities

D Safety
.

E Quality Control

F Interferences
- ( ").

-

' ~ '
.

G - Apparatus

H Determination

I Calculations

6.1.A.41.0 Determination of Total Suspended Solids

A Purpose

B Scope-

C Responsibilities
'

,

- D Safety

E Interferences
.

F Apparatus

G Determination

H Calculations

.fho
|

I
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(() 6.1.A.42.0 Determination of Total Solids
-'

A Purpose

B Scope

3...
C. Responsibilities

D Safety

E Qualitv Control

F. -Interferences

G Apparatus ,

H Determination

I Calculations

6.1.A.43.0 Determination of Trace Metals by Inductively
Coupled Argon Plasma -

A Purpose

()' B Scope

C Responsibilities

D Safety

E Quality Control

F Procedure

G Instrument Initialization

H Determination for Watsr

I Determination for Lubricant.

J Determination for Coolant

K Instrument Shutdown

L Calculation

6.1.A.44.0 Determination of Ammonia Nitrogen in Water
Using an Ion Selective Electrode

-]- A Purposer

B Scope

- - - - . - . . . . . . - . - . _ . . - _ . _ . - . . . _ . . , . . .
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.,x,

). C Responsibilities'
-

D Safety

E Quality Control

F Interferences

G Apparatus

H .- Reagents

I Determination

6.1.A.45.0' Procedures for the Use of Radioactive Materials

A Purpose

B. Scope

C Responsibilities
'

D Procedure
,

'E Radiation Survey and Monitoring Proceduret
'~

F Safety Precautions

G Storage of Radioactive Materials
,

H Posting of Areas in which_ Radioactive Materials-
are Used

I. Personnel Monitoring Devices

J Bioassay Sampies

K Waste Disposal Procedures
L1

L' Emergency Procedures

- M Receipt of Packages Containing Radioactive Materials

6.1. A.4 6. 0 . Laboratory Analytical Procedure References'

A All Radiochemical Procedures

:B Trace Element Analysis

C All other Water Quality Analyses
.,

~(o;
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,ih - 6.1.A.47.0- Instrument Operator's Manuals

A ~ Purpose

B Scope _'

C- Responsibi.lities
,

D Appendices

.
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6.1.A.10.0 QUALITY CONTROL AND QUALITY ASSURANCE

~ A .' PURPOSE-

LThe role of an analytical laboratory is to provide qualitative and

quantitive' data that will assist in decision making. This is

especially true in a program in which laboratory measurements are

used 30 determine whether operation of a facility complies with

applicable regulations.
.g.

, Q) .

*

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 cor.tinuously ensure
f

the precision and accuracy of the data provided.

-B. SCOPE ~

In order to properly fuifill its function, the quality assurance-

'' program will govern personnel 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 allow continuous monitoring of the accuracy

and precision' of analytical results, and assure the proper function-7-

| "3)
ing of laboratory. equipment and instruments.

_ - -. ___ _ . _ _ - . . _ . . . . _ . _ . - . . - . _ _ . _ _ _ _ . - . - _ . _
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C. RESPONSIBILITIES AND QUALIFICATIONS

The Environmental / Radiation Department Manager, who will not perform

laboratory wlyses, will be the designated Quality Control Super-

visor.

2 The qualifications and experience of the laboratory staff are listed

in Appendix 10.0.0.
.

D. PROCEDURES
_

l. Personnel Training

All laberatory 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 be performed regularly,

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 shall have ir

his possession a detailed procedure manual for the particular

analysis being performed. It is the responsibility of the

Environmental Chemist to ensure that the analyst rigidly

adheres to the approved procedure at all times.

2. Methods Selection and Use .

The methods used will be those which have been collaboratively

st.idied and found to provide acceptable results for the type

of work performed by the laboratory. 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 where no specific method is mandated, 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-
'

i.ation 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 por the laboratory
are kept up to date and all revisions are included in all copies,

the procedure manuals must be controlled documents. All 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 termination or transfer

of any individual from the laboratory, all procedure manuals

assigned to that individual must be returned to the Environmental

i Chemist. Additionally, each copy r:ill be reviewed once a year,

to determine that it is complete and up' to date. Documentation
4

of this review will be kept in the individual copy of the pro-

cedure manual and in a separate file.

3. Equipment Operation

Equipment 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 will be controlled
.

documents and will ee regulated in the same manner as the

analytical procedure manuals.
,,

e

.
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4. Data Handling

Adequate records 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 labratory 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 laborato'ry 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 all calibration and background

determinations and control charts. Additionally, records vf allI( <

malfunctions and corrective actions taken will be maintained

in the log book.
,
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5. Review of Analytical Results

On a quarterly basis the Quality Control Supervisor and the

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 contro's 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

securacy 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

- i

.

6
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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 will be maintained.

6. 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.

7. Auditing of the Laboratory

Internal - A quarterly audit of tiie 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

.
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revonse to the audits. The auditing criteria will be those

of the NRC Regulatory Guide 4.15 and such other criterit as

are applicable.

External - On a yearly basis an audit will be performed by a
, ,

qualified individual not involved in the operation of the

laboratory. Any deficiencies found by the auditor muc+ 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 are applicable.

8. Quality Control Procedures

Quality control procedures provide a means of checking the

accuracy and precision of results ar.d the proper functhning of

analytical equipment. Quality control procedures involve the

use of various control 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 represent duplicate means of achieving the same results.

The quality control techniques which are to oe applied to in-

dividual analyses and equipment will be specified in the analytical
'

procedure manuals and equipment operating manuals.-

.
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a. Duplicate Analyses

Sample analysis will be performed in duplicate on a

minimum of one sample in every ten samples present in a

i sample run. In the event of 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, e statistical range

analyoes 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 R=d wntre d is a function of the replicates
2 2

involved and o is the standard deviation.

~

j

.
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The control limits can be calculated by K+3ad=D R= Dud 0y 2

where o is the standard deviation of the Du is a function
R

of the number of replicates involved. The facter d and2

D are presented in the following table for different
4

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

FACTORS FOR CALCULATitlG RAtlGE CONTROL CHART LIflES

Number of Central line Control limit
observations factor (d ,) factor (D,,)

'' 2 1.128 3.267

3 1.693 2.575

4 2.059 2.282

5 2.326 2.115

6 2.534 2.004

After setting up range limits, results can be evaluated.

The theoretical distribution is as follows:

Ranae Percent of results

1(R + o ) 04
R

. 3(E + 2a ) 97.5
R

_g(R + 3a ) 100
R

>(E + 3o ) 0R,

.
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An acceptable distribution will either be close to that

predicted by theory or shif ted toward the o and 2a
R R

categories. An unacceptable distribution will be shifted

toward the 2a , 3a , and >3a categories.g R R

An " outlier" distribution follows the theeretical distri-

bution, but has a few results in the >3a category. This,

R

indicates acceptable precision with occassional poor re-

sults. The " outliers" should be examined closely to deter-

mine their source.
.

*

b. Spike Samples

The accuracy of laboratory data can be established by pre-

paring special standard samples containing known concentra-

tions (spikes) of the constituents of interest and statistically

studying the relation between the resulting analytical values

and the known concentrations. The spikes will be analyzed.

in the ratio of one spike for every ten samples in a sami.le

run. In the ev0rt 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.

.
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Minimum information will include the date, the analyst, and

the instruments used.

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

tained for the spike samples related to each analytical

procedure.

1. Means Control Chart (See Figure 1)

The means control c' hart er, ables one to, determine the

amount of Lias between toe mean and the expected value.
.

It is assumed that the resulting data will resemble a

normal distribution over time. When preparing such a

control chart one assumes the known activity to be the

mean. The allowable standard deviation for the individual

deter aations 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:tions (om = o/6). Accep-

table results should fall within i 2cm for 95% of the

results. Any bias will be evident as a consistent dis-
,

placement from the mean.

.
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2. Individual Results Control Chart (See Figure 1),

,

The. control chart for individual results is essentially

the same as the iceans 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 yhlue is assumed

to be the central value. Both enarts may be used to-

'

determine analytical trends and to correct problems be-
73,

U fore they reach a level which would seriously comp.'omisee

the analytical re ':lts. .

<
.

c. Cross-Check Analyses
' ~ Cross-check analyses are of essentially two types:

' ~ 1. Cross-check samples supplied by an agency such as the

Environmental icotection Agency to a large number of
'

laboratorie: to test the ability of individual labora-
,

. tories to perform accurate analyses. The rescie from*

| _

individual laboratories are reported to the agen':y which,
' in turn, performs a statistical analysis on the results'

' -
.

and reports to each individual laboratory its per-

formance with respect to the known values and the per-

()T formance.of the other laboratories.'

*

.

,.

'______.____m_

I
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This laboratory will participate to the greatest extent

possible in such cross-check programs as the Environmental

Protection Agency - Las Vegas Incomparison Program for all

applicable samples.

2. Split - Sample analyses between two or more laboratories

where one of the participating laboratories supplies the
,

sample to be analyzed. The semple may be an unknown, a

synthetic spike or a sample whose values are known to the

supplying laboratory through prior analysis. The use of
.

,

actual samples is the only way for an environmental

laboratory to estimate the accuracy of its results at

true environmental levels. Programs such as those in

part a, above, because they cannot be carried out at the

low levels fourd in the enviror. ment, do not substitute

for a split-sample program.
.

Th's laboratory shall have an ongoing split sample program

with the Te'inessee 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.
4

.

\ . 8

- -
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This laboratory shall participate to the extent requested

in analyzing the split samples supplied by the Tennessee

Valley Authority and other laboratories.

d. 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.

All 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 one contaninants

introduced by the laboratory analysis and chemical reagents.

This also allows f.,P the correction of sample results.

Additionally, deionized water blanks, to which no reagents

have been added, will be used in instrumental analyses to

check proper inttrument function and to detect and correct

for possible contaminants in the deionized water itself.

. 9. Radiation Detection Instrumentation Quality Control Procedures

a. Radioactive 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 potential 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
.

procedure manual.

Instrument effeciencies will be determined on all instruments

at a fr'equency 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.

.

All efficiency and background determinations will be

documented and entered on instrument control charts.

(See Figures 1 and 2)

.
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b. Instrument Control Charts

The statistical nature of radioactive decay will result in

uncertainties in the determinations of check source and bhck-

ground count rates. Deviations from the "true" values that

result trom 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 totas counts, on the ordinate.

-(See Figure 3). Lines drawn parallel to the time axis at

values fcr the "true" count rate and for values of i 2 and

13 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 hours.
.

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.

.

t
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Control charts will be received on a regular basis (the

time period 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 scintillation

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 and storing the sample. Often samples collected in an

environoental 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 f(" many years. Again, certain

precautions must be taken in the radioanalytical laboratory..

m
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a. Water Samples

Generally, water samples should be acidified when collected.

Under certain conditions this procedure should be roodified;

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 trhce metals on the storage containers. Ab-

sorption is known to occur quite rapidly under some conditions.

See Table 1 for recommended sampl'e volumes and preservation.
_

b. Air Filters

The air filter should be handled with care when dust leading

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.

- c. Soil

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

a 200 mesh (this will vary according to the analyses to 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.
.

11. 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 recorded 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, quantity, 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. All necessary pretreatments and analyses

to be performed should appear on the sheet. Space is pro-

vi Qd 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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c. The air filters on the laboratory air inlets will be in-

spected weekly for dust loading and cleaned as required.

d. All chemicals and reagents used in the laboratory will

be of sufficient purity to prevent interference or intro-

duction of contaminants into the samples. Reagent

grade chemicals will be used except where higher purity
.

is required or where reagent grade is not commercially

available.

e, All 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.

f. 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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TAllLE 1

ItECOMMENDATION FOlt SAMPLING AND PItESEltVATION
OF SAMPLES ACCollDING TO MEASUltEMENT"

Vol.
Req. Iloiding

Measurement (g) Container Preservative Time

.

100 Pl.ysical Prcperties .

Color 50 P,G Cool, 4*C 24 lirs.

+ Cond:sciance 100 P,G Cool, 4*C 24 lirs.'

Ilardness I(X) P,0 Cool. 4*C 6 Mos.
3 to pil < 2IINO

Odor 200 G only Cool. 4*C 24 lirs.

pli 23 P.G Det. on site 6 Ilrs.

Residue

Faticiabic 100 P.G Cool. 4*C 7 Day.

Non-
} iherable 100 P,G Cool 4*C 7 Days

Total 10) P,G Cool, 4*C 7 Days
.

Volatile 103 P.G Cool 4*C 7 Days

Settleable Matter 10m P.G None Req. 24 lirs.

Temperature 1000 P,G Det. on site No llo! ding,

' Turbidity 100 P.G Cool, 4*C 1 ' Days

' 200 Metsis

Dhw!ved 200 P,G Filter on site 6 Mos.
IINO to pil < 23

Suspended 200 Filter on site 6 Mos.-
,

llNO to p11<2 6 Mos.Total 100 P,G 3

/

,
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TABLE I (CONT)
'

Vol.
Req. Ilolding

Measurement (ml) Container Preservative Time

Mercury
Disto! sed 100 P.G Tifter on site 38 Days

llNO,to pil<2 (Glass)
13 Days

(llard
Plastic)

Total 100 P,G llNO, to p!I <2 38 Days
(Glass)

13 Days
Olaid

) tastic)

300 Inorranics. Non-Meta!!ics -

Acidity 100 P.G None Req 24 lirs.

AILatinity 100 PG Cool, 4*C 24 II:s.

IlromLie 100 P.G Cool. 4*C 24 Ilts.

Ch!oride 50 P.O None Req. 7 Days

Chlorine 200 P.G Det. on site No lloiding

Cyanides 500 P,G Cool. 4*C 24 llrs.
NaOli to pli 12

Iluoride 300 PG None Req. 7 Days

lodide 100 P.G Cool 4*C 24 lirs.

Nitrogen

Ammonia 4A P.G Cool 4'C 24 Ilrs.
11,50. to pil < 2

-- Kje)dahl, Total 500 P,G Cool. 4*C 24 Ilts.
' 11,50 to p!! <2

Nitrate plus Nitrite 100 P,0 Ca el, '4'C 24 lirs.
11,50. to pil <2

Nitrate 10G P.G Cool. 4'C 24 lirs.

Nitrite 50 P,G Cool. 4*C 48 Itrs.

,
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Vol.
Req. Ilo1 ding

Merurernent (ml) Conlainer Preservative Time

Dissolved Oxygen
hobe 300 G only Det. on site No lloiding

Winkler 300 0 only Fix on site 4-8 Ilours

Itosphorus
Ortle-
phosphs.te, 50 P,G Pilter ou site 24 Ilrs.
Dissobed Coo!, 4*C

llydr yzable 50 P.G Cool, 4*C 24 Ilts.J
11,50. to plI < 2

Total 50 P.G Cool. 4*C 24 lirs.
II,$0. to pil < 2

Total, 50 P.G Filter on site 24 Ilrs.
Dism 'ved Cool. 4*C

11,50. to plI < 2

Silica 50 P only Cool 4*C 7 Days

Sulfate 50 P.G Cool. 4*C 7 Days

sulfide 500 P.G 2 rn! zine 24 Ifrs.
acetate

Sulfite 50 P.G Det. on site No llo! ding

400 Orfanics

110D IC00 P,G Cool, 4*C 24 Ilrs..

COD 50 PG ll,SO. to pl! < 2 7 Days

Oil & Grease 1000 0 only Cool 4*C 24 Ifrs.
II,$0. or llCI to plI<2

O'rganic carbon 25 PG Cool 4*C 24 lirs.
11,50. or llCl to plI <2

Phenotics 500 0 only Cool. 4*C 24 Ilts.
Il#O.to p!!<4
1.0 g CbSO./l

MilAS 2>0 P,G Cool 4*C 24 Ilts.
I

.

6
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ligure 1 Heans control chart. E is mean, o = c/ 4 , the ordinate is concentration, and
the abscissa is time.

1
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Figure 2 Individual results control chart. X is the known concentration (ordinate), o is the
standard deviatior., and the abscissa is the run number.

_
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Figure 3 Control chart for neasurement of background radiation.
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13. Appendices

The following additional information is provided within the appendices:

1. Appendix 10.0.1 - S'atistical Terminolo9 e

2. Appendix 10.0.2 - Significant Figures

3. Appendix 10.0.3 - Errors Caused by Computational Processes

4. Appendix 10.0.4 - Radiochemical Statistics and Counting Data

5. Appendix 10.0.5 - Bibliography

.

.
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6.1.A.11.0 LABORATORY SECURITY AND CONTROLLED ACCESS

A. PURPOSE

To maintain laboratory safety and security, access to the laboratcry

is restricted to preva.it entry of unauthorized and/or unqualified

personnel. Control of access is necessary to protect the visiting

individual, the laboratory personnel, the laboratory equipment, and

the laboratory environment f' rom any potential hazards. The follow-

O ing steps h'3ve been implemented to maintain laboratory security

and controlled access:

1. The entrances to the laboratory are to be kept Mcked at al!

times.

2. Authorization to enter the laboratory may be obtained only from

the Environmental / Radiation Department Manager or the Environ-

mental Chemist.

3. Authorization will be granted by the Environmental / Radiation

Department. Manager or the Environmental Chemist only if the

individual has a specific need rcquiring his presence in the

laboratory and is qualified to perform the required work.

4. The following individuals are routinely authorized to enter

and work in the laboratory as required, provided tt it the

O Environmentei/Redietion oepertment Memeger is notified in edvence:
-

a. Project Manager

b. Environmental / Radiation personnel
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5. Visits to the laborat.cr y by Uf4C pdrsonnel and outside individuals

must be arranged in advance'with the Environnental Radiation

Department Manager, or in his absence, th: Environmertal Chemist.

k_ '

.

__ _ .-,
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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 PJ1SI has provided at the South Morton office a

well-designed laboratory with the facilities and eqi:1pment necessary
.

to perfom the analytical work as required. To ensure the effec-

(~/
tive and safe use of these facilities, the laboratory safety pro-'

;

<

- gram encompassei the following areas:

1. Personnel conduct
.

2. ~ Proper use of equipment and chemicals

3. Training

. 4. Decontamination of facilities and personnel

' 5. Personnel monitoring
t

6. Personnel evacuation

The more specific safety precautions required by particular proce-"

dures, chemicals, and equipment will be addressed within the indivi-H

dual analytical and equipment operating procedures in which they are-

used.

,

(' ; B. PERSONNEL CONDUCT
u.-

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

a lab coat at all times; in addition they shall wear clothing

.

479-+ g -p-- ,~ w - m- e- - -- w yw,y pg-w-9 yi-----w -- -w--- c- w-,,- e--p*9 --+w--Wy9- y- y
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2. No lighted smoking materials shall be brought into or used in

the laboratory.

3. No person shall bring food or beverages into the laboratory.

4. No person shall use laboratory chemicals or glassware outside

of the laboratory except when immediate preservation of samples

is required in the field.

5. Laboratory clothing and. protective equipment shall not be re-

moved from or worn outside the laboratory.

6. Protective equipment shall be maintained in proper condition

for use.

7. No chemical or sample shall be placed in a container without
.

first labeling the container as to the contents.

8. No reagent container shall be left without a lid securely in

place.

9. All persons working in the laboratory shall be femiliar with

the locatiens and operation of the ey> wash bottles, eye wash

stand and safety showers.

10. No apparatus or equipment shall be placed so as to restrict

access to the eye wash stand, safety showers, or exits.

11. All aisles and doorways shall be kept free of obstructions.

12. 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

u
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or another authorized individual will be in the immediate area

and will make periodic checks of the laboratory.

13. . All persons working in the laboratory shall report all accidents

or injuries, no matter how minor, to the Environmental Chemist

immediately.

14. 'ihen two or more persons are working in the same laboratory area

they shall wear the protective equ!pment necessary to protect

them against the hazards of all analyses be'ing performed.

- 15. Two or more incompatible analyses shall not be performed

simultanecusly in the same laboratory area.

16. All work involving volatile liquids or flammable liquids shall

be performed in a properly operating fume hood.

17. All work which generates toxic or irritating fumes shall be

performed in a properly operating fume hood or with a fume

isolation system.

18. All 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. All 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. PROPER USE OF EQUIPMENT AND CHEMICALS

1. . All broken glassware shall be discarded in a clearly marked

receptacle.

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

tory.

3. Em;.i.y chenical 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. All 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 available in the laboratory necest,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 enalysis is

being performed.

.

..-
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2. Instruction for the proper use of each instrument will be given

by the Environmental Chemist.

3. The Environmental Chemist shall 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 training

shall perform the analysis in the presence of the Environmental

Chemist.

5. The Environmental Chemist shall be p*esent 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 individual's

ability to perform the procedure without his direct supervision.

E. 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 quality

analytical results and to protect the personnel and ecuipment within
,

the laboratory. The types of contamination fall into the following

. " general catorgories.

1. Contamination from material introduced to the laboratory from

the outside.

This type of contamination is the more easily handled of the two
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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 the 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 purification systr.m are checked at frequent intervals to

ensure continued efficiency.

.

Entry of contaminants by human 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 been working outside

the laboratory and might be highly contaminated (eg. the

person had been collecting water samples and had becone

covered with mud), use of the decontamination room located

outside of the laboratory and changing into clean clothes

will be required.
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c. Special adhesive floor mats are provided at the entrances

to the laboratory to remove loose surface soil from the

soles of shoes.

d. Individudls who work both inside and outside the laboratory

shall keep suitable clothing available for wearing when

working in the laboratory.

2. Contamination from spills or careless handling of materials

within the laboratory.
,

To. prevent contamination from within the laboratory, the tollowing

- precautions must ba observed:

a. All chemicals, standard solutions, and liquid samples shall

be stored in containers with tightly fitting lids.

b. All containers should have clean exteriors and any leakage

should t e removed.

c. All solid samples shall be stored in containers with tightly

fitting lids or in sealed plastic bags.-

d. All spills of chemicals, standard solutions, and solid or

liquid samples shall be cleaned up immediately using prooer
_..t

neutralization agents, cleaning solutions, and protective

equipment. The Environmental Chemist shall be notified of

any spill.

e. All spills of radioactive materials, after proper clean up

shall be monitored for the appropriate type of' radiation.

-

Y
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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 instr.nce where the contaminants present in tap water

might' affect an analytical result.

g. Only reagent 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 equip-

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

active contaminants will ba performed on a regular basis. '

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

to decontaminate an individual. If the accident poses an immediate

threat to health or safety of the individual, action shot d first

be taken to counter that threat cnd decontamination would become

secondary. If contamination such as by a strong acid, is part of-

the threat to health, removal of the contaminants is of primary im-

portance. The following guidelines are designed to achieve decon--

tamination; however, the procedures required are highly dependent

on the circumstances of each individual case.

_ _ - _ _ _ - _ _ - _ - - _ _ _ _ _ _
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1. In the event that the contamination poses an immediate threat

to the health or safety of the individual, the safety showers

and/or eye wash station should be used to remore the contami-

nation. Any affected clothing should be removed,

2. In the event of a spill or accident which is. nct 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 decontaminated 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 decontamination 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 practical and should be

thoroughly washed and dried whenever they come in contact

with samples or reagents.
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2. The it.otah should not be used to hold objects such as pens and

pencils.

3. Pans 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 be moved from room tc room within the labora-

tory except vihen required by the analysis.

Laboratories also have the potential to spread contamination through
.~

chemicals or fumes outside the laboratory area. The laboratory

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

effectively controls.the non-human spread of contaminants. Several

regulations are required to prevent the possible spread of contami- '

nation outside of the lat gratory by personnel.

1. Laboratory coats shall not be removed from the lat oratory or

worn outside of the laboratory.

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

removed from the laboratory.

F. 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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potei:tial incestion of radioactive and other materials by laboratory

personnel. Therefore, the following rules will be enforced.

1. _All laboratory personnel shall wear TLD badges at all times

when in the laboratory area. These baayes will be read on a

quarterly basis. An indivicial's results and an evaluation of

their significance will be made available to that individual on

request. .

.

2. AP laboratory personnel shall submit a urine sample for alpha

- and gross beta minus K-40 analysis on a quarterly basis. f.n

individual's results and an evaluation of their significance

will oc caade available to that individual on request.

3. In the event of'a suspected ingestion of radioactive materials,

the individual shall provide urine samples as required to deter-

mine tht: extent of the ingestion and exposure.,

4. In the event of a suspected ingestion of non-radioactive aterial .

- the individual shall be monitored closely until the potential aroblems

are eliminated.

G. PERSONNEL EVACUATION

It may, at some time, become necessary to evacuate personnel from the

laboratory area due either to the release of a hazardous or irritating

chemical or to a fire. In the event of the release of a chemical the'

.

following shall be done:
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1. All persons shall leave the laboratory by the nearest exit

closing the doors behind them.

2. The Environmental Chemist shall ensure that no individual

-' remains in the lacoratory.

3. All laboratory personnel shall proceed to a designated area

and remain there until released by the Environmental Chemist.

4. If the nature of the chemical warrants, all electricity to

a the laboratory shall be shut off at the circuit breakers.

5. The 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 shall

extinguish the fire using a dry chemical or a carbon dioxide

fire extinguishc? Water shall not be used to fight fires.

,

If the fire is elen." cal, the affected equipment shall be2.

. turned off if possible. If the equipment 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 either a dry chemical or u carbon dioxide,

fire extinguisher.

3. The Environmental Chemist should be notified as soon as practical

after the start of a fire.

L_
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4. Regardless of the size of the fire, all persons not directly

involved with the laboratory should leave the laboratory area

and proceed to a designated area. One person should notify the

Environmental Chemist.

5. The Environmental Chemist shall ascertain that all persons are

out ef'the laboratory, and shall initiate and direct fire fighting

procedures.

' 6. Fire fighting procedures shall be continued on a limited basis

even though the fire cannot be exti,guiched or contained with the

equipment available.

7. As soon % possible after the start of a fire, the Safety Department

and the Project Manager shall be notified.

.

.
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J6.'1.A.13.0 CARE AND HANDLING 0F CALIBRATED SOURC S

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

'

electroplated ~ sources and . foil-covered sources. The care and handling

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

the fo'llowing:N

.
ii. :All-sources ~should be handled only by their edges. Avoid touching

.'the active surface.-

1,.sf. 2. Electroplated sources may be cleaned with' alcohol and very light
i )

. iping with a cotton swab.~~' w

' L. Foil-covered sources should not be cleaned except with a low pres-3-

' ; sure. stream of air'due to the extreme fragility of the foil covering.

24. All sources shall be checked for. leakage' on a quarterly basis using

.the following procedures:-

a.. Gently wipe the surface of the source with a two-inch diameter
_

I filter; paper moistened wit! alcohol. (Avoid touching the foil

: -
iportion ~ of - a - foil . source. )

'

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

.
_

of~ radiation.-

' c. If.the source shows leakage, it shall be placed in a sealed
-

plastic bag. The manufacturer shall be contacted 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.

"
/

--
)i 9 , < + , , . . - , - . . , , .,,.-,--.----.-e r. - - - - - 2,,,.-..y--,.w, ,.,-,,y .w., ,----,-ey-,,. ,,- . . # -- -
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e. The source check form shall be fi.lled out each time a leakage

test is performed.

5. All sources shall be stored in the storaae r antainer supplied by

the manufacturer when not in use.

6. Authorization to use a source must be obtained from either the

Environmental / Radiation Manager or the Environmental Chemist.

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

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

8. Sources shall not be removed from the laboratory.

9. Sources shall nat be carried on one's person.

.

.

.

9
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SOURCE LEAKAGE TEST FORM

.

Source Identification

Isotope (s):

SerialrNo.

Activity

Date leakage test performed: By:

Swipe Filter Information

Instrument Used:

Instrument Background: cpm

Instrument Efficiency:

Gross Sample Count: cts

,
Sample Count Time: min'utes

Gross sample cpm (Gross sample counts / counts time): cpm

Net Sample cpm (Gross sample cpm-background cpm): cpm

Net Sample dpm (Net smaple cpm / instrument efficiency): dpm

Source acceptable, retained in service.

Date Signature

.

Source unacceptable,

Disposition of source:

Date Signature

.

e

e

.
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RADI0 ACTIVE SOURCE I.0G
-

Source Indentification

Isotope (s):

Serial No:

Activity:

Active Diameter:

_,
,

~

ily' liate Used By- 1 ' Purpose of Use Date Returned-'-

.

%

&

4

o

,,.

L ;.

e

e

%

-_ _ _ _ ~ . . . .
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6.1'.'A.'14.0ORDERINGRADI0ACTIVESTANDARDSOLUTIONI

.In accordance with its By-product Materials License, t:.e laboratory is

. restricted in the quantity of radioactive materials it may have in

' possession. Futhermore, certain minimum information must be obtained

'from the supplier in order to ensure effective use of the radioisotopes.

The' following steps are, therefore, required in ordering Radioactive

Standard Solutions:

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

-

w '~ 2.- Subtract the amount on hand from the amount allowed by the license
' to' determine the maximum amount which may be ordered.

(3. The quantity' desired may then be ordered only from a supplier who
tu

' agrees to provide the following information with the solution ins.

the form'of a 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

m., e. Statement of purity
J

f. ' Decay information
~

g. Estima'te of error
*

i
i

, .

- + vw - + ,s . ,,r-- - i. ,,,.y,,,y qw4- , , u---,
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4. Upon receipt of the solution,it should be checked to ensure nroner

labeling of the contents and stored in the radioisotope storage

cabinet until use.

5. The certificate of calibration shall be filed in the radioactive

solution file.

6. A page shall be opened in the radioisotope solution log b~ok"foro

recording the receipt of the solution and its dilution. (See

procedure for dilution of Radioactive Standard Solution.)

7. A UNC solution number shall be assigned by the Environmental Chemist.

.

i

i
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6.1.A.15~.'0 DILUTION OF RADI0 ACTIVE STANDARD SOLUTIONS

'A. SAFETY REQUIREMENTS

'

~1. All dilutions shall be performed in the radiochemistry fume

hood.

. 2. ' Rubber 91 oves shall 'be. worn at all times.

3. No pipeting by mouth shall be performed.-

.

14. ~ All glassware shall be kept isolated until properly decon-
e

, () taminat'ed.

. 5; The empty concentrated solution container shall be properly

discarded as radioactive waste.,,

~6. All necessary reagents shall be prepared.and standardized in

'sdvance.

B. QUALITY CONTROL AND QUALITY ASSURANCE

1. ~0nly reagent grade materials may be used.

2. ~ 0nly high purity deionized water may be used.

- 3. The following forms should be complete and available before

' dilution:
~

Authorization and instructicn forma .-

b. Certificate of calibration (from supplier),s
i )
' c. ~Diluticn'worksheet

~ 4. The above forms must be filed appropriately.upon completion.

w~-
-. -- . . - . , , ~ . . - . .
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C. DILUTION OF RADI0 ACTIVE STANDARD SOLUTIONS

Virtually all radioactive solutions which will be used by the lab-

oratory are supplied in concentrated forms in order to simplify

shipment and enhance long term stability of the solution. For use

in the laboratory, 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 laboratory personnel may dilute a concentrated Radioactive

Standard Solution without written authorization and instruction

from the Environmental Chemist.

2. All glassware shall be class A and shall be thoroughly cleaned

before use.

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

4. All 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 filed in the radioactive solu-

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

Standard Solution Identification

Supplier:

Isotope:

Stated Activity: uCi = pCi = dpm

Stated Volume:

Solution Composition:

UNC Solution No.:

Dilution Calcult.tions:

Concentration Desired: pC1/ml = dpm/ml

Stated Activity in dpm:p

!
Stated Vol ue: mly

I Stated activity in dpm/ml (d / Volume ir. ml): _,

To determine the total volume to which the so%tirn sh.uid be
diluted the following equation is solved:

Volume required (ml) = Stated activity (dom /mi X Stated Volume (ml)'

Concentration desired (dpm/ml)

This volume may not be a convenient volume for dilution and it
should 1,e checked to determine whether a convenient volume may be
used in which case the following formula is used to calculate the
diluted concentrat' S

Diluted Concentratice (dpm/ml) = maw Mvhy Wm/ml) X maw Volume M)
Diluted Volume (ml)

Calculated diluted concentration: dpm/ml = pCi/ml ,

Date Signature

+
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6.1.A.16.0' CALIBRATION Or DILUTED RADI0 ACTIVE ST'ANDARD S0 UTIONS

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-H

* rate' calculations of the diluted activity. Complete transfer of the-

concentrated solution out of its container cannot be assumed. All these
. ,..
, .

possib'le sources of errors necessitate the calibration of the diluted

; working solutions which shall be performed according to the following

- ' procedures.. The particular r acedures used will depend on the parti-

cular isotope. f.: listing .of. isotopes and procedures to be used for

i each is attached. At least two different procedures should be used

( for ecr.h. isotope when possible.

* A. PLANCHETTING AND CALIBRATING BY ALPHA PROP 0RTIONAL COUNTER.

.1. A minimum ef .three separate calibration samples should be used.
~

2. . Clean three 2" planchettes with alcohol to remove grease and
~

dirt.

!

3. -Label each planchette.
t

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

hours or overnight.
..

5

- .
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5. Remove from desiccator and weigh. Record the weight on the

.

calibration worksheet.

6. Using a Class A pippet, place 1.0 ml of solution on each plan-

chette. Record the volume used on the work sheet.

7. Dry the solution under the heat lamp. (Polonium should be

allowed to air dry).

18. When dry place the planchette in a desiccator for a minimum of

four hours or overnight.

9. Remove from the desiccator and weigh. Record the weight on
.

the worksheet..

10. Count each sample for a minimum of 12 hours and record the re-

sults on the work sheet.

11. Determine the instrument efficiency for the weight of sample

on the planchette from the instrun.ent alpha attenuation graph.

Record an the worksheet.
*

12. Calculate the activity in accordance with the instructions on

the worksheet.
'

13. 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 CALIBRATING BY LOW BACKGROUND BETA COUNTER

.l. - A' minimum' of three sepa-ate samples should be used.
,

* '
- 12. ; Clean three- 2" planchettes with alcohol to remove grease and dirt.

. 3 .- Label each planchette.

' 4. .: Place -the. planchette in a -desiccator fo'r a minimum of four -hours
w ..

-
.

' or overnight.
. .

5. Remove'from-desiccator and weigh. Record the weight on the

Ecalibrati.on worksheet,
=7.
a p ~

:6.1(Using a Class .A pipet, place 1.0 ml of solution on each plan-Du ,

schette. Record the volume use'd on the'worksheet.<

' 7. 'When' dry, place tthe planchettes in a desiccator for a minimum
'

lof..four. hours or overnight.-

: ~ 2 8.1 Remove from the desiccator and weigh. Record the weighr on the

[~ jworksheet.
~

.9. Count each sample for a minimum of 12 hours and record the results%
,

on the workshect.'

~10. ' Determine the instrument efficiency for the weight of sample on
-;;.

:the planchette from the instrument beta attenuation graph.
~

Record-on the worksheet.

11. Compute-the activity =in accordance with the instructions on the

[P"y worksheet.
wi -

. , . -

-5

4'--a ,z

-

- - - - - ,-..y,- .% . , ,.y ,,,,,%.., ,, gy,, ,,.,,_,n..,,y ,.,.,_.mm.y.,.
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12. 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.

C. ELECTROPLATING AND CALIBRATION BY ALMS SPECTROMETER

1. A minimum of '.hree separate samples should be used.

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

3. Assemble the' discs inte the electroplating cells.

4. Clean thoroughlywith acetone and cctton swab.
.

5. Add 1.0 ml of solution to each plating cell.

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

ing solutions should be used,

a. For Thorium - 1% W/V Ammonium Oxalate in deionized water

with 1 ml of 4N Hydrochloric acid. Plate at 210 mA.

b. For Uranium - 1:1 solution of IN HNO and IN NH 0H. Plate
3 4

at 300 :..'..
.

7. The samples should be electroplated for a minimum of six hours.

Additional electroplating solution should be added as required..

.

8. When electroplating is complete add I drop phenolphthalein sol-

tion and 1% N!i 0H until a red color appears in the electroplatiiag
4

cell.
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9. Turn off current to the cell and remove from electroplating

unit.

10. Save the electroplating solution from each sample in a labeled

beaker.

11. Disassemble the cell and rinse each Jisc with alcohol and allow

to dry.

12. When dry, heat each disc in a burner until red. Allow to cool.

13. Count each s-...ple a minimum of 12 hours in the alpha spectrometer

O and attach the rasults to the worksheet.

14. . Dry the electroplating solution from each cell on a hotplate.

15. Cool the beakers'and add 10 ml of the appropriate electroplating

solution and police the beaker thoroughly.
,

16. Add the solution to prepared electroplating cells.

17. Continue to add electroplating solu;. ion to the beai.ers, police,

and add to the cells until the cells are full.
'

18. Electroplate for six hours at the appropriate amperage.

19. Prepare the electroplated discs and count for the same length

of time as the first set of distc.

20. Attach the results to the worksheet.

21. If a significant number of counts appear in the counting of the

second set of discs, repeat the procedure with a third set of

discs.

t
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22. Attach all 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.

2. Prepare a radon counting system in accordance with the Ra 226

procedure for each sample,

3. In a clean beaker containing 5 ml of 3N nitric acid, place 1.0

ml of Ra 226 solution using a class A pipet.

4. Transfer the sample to a radon bubbler using a minimuni of 7 ml

of distilled water.

5. Proceed as in the Ra 226 analysis procedure being sure to re-

cord all the times and dates required on the calibration work-

sheet.
'

6. When the ingrowth period is complete end the de-enanation is
'

complete, count the Lucas Cell for a minimum of 12 hours and
~

record the results on the calibrations worksheet.

7. 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 Lead)

1. This procedure should be performed 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 surface with 0.1 micron gamma alumina

polishing cloth.

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

6. Add 1.0 ml of the solution to 50 ml of 3.ON HNO in a 125 ml
3

Erlenmeyer Flask.
,

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

netic stirring plate.

8. Add 2 ml of 40% W/V citric acid and 2 ml of '<droxylamine

hydrochloride to the sample solution.

9. -Suspend the nickel disc in the solution and allow the sample

to plate for i 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 minimi . of 12 hours in the alpha spectro-
* meter and attach the results to the calibration worksheet.
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12. Follow the instruction on the calibration worksheet to complete
g

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.

.

i

e

4

4

w

\

/
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F. RECOMMENDED CALIBRATION PROCEDURES

Standard Solution Calibration Procedures

Th-228 A, C.

Th-229 A, C.

Th-230 A, C.

Th-232 A, C.

Nat U A, C.
,.

Depleted U A, C.

U-232 A, C.

Po-208 A, E.

Po-210 A, E.

I
Ra-226 A ,D.

Ra-228 B

2
Pb-210 A , B, E.

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

which will be at equililrium if the solution is greater than

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

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

sample.

+
1.96 / S/TS + B/TBdpm/ml

S - B

eve-At/Th eve y-At/T

Where

S = Sample gross cpm

B = background cpm

V = sample aliquot in ml,

T3 = sample count time
'

TB = background count time

E = instrument efficiency for the sample of interest

-At/Te = radioactive decay equation

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

of countir; of the sample of interest.

T = half life of the isotope of interesty
A = constant = log 2.

will only contribute significantly when the halfNote: The expression e-At/Tg
life of the isotope is short, as in the case of Po-208.

v

-

c



Section Name Environmental / Radiation
.

Policy / Procedure 6.1.A.16.0

Page 11 of 17

Date Issued April 1, 1981

Supersedes New/ j.

APPROVED d' /./ // /

D ' (/ ' ~

UNC Lab Solution No.: dpm/ml + dpm/ml

falculat<ons:

,-

L.,

e

9

.

4

>

I A

__ s

_ . _ _
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G. 50 Lilt 10'! CAL IL4 AT10t PORKsiirET FOR /I Pl!A tJ:D

[OW CACKGROT 3 EETA FR0r0P.110':/t CCC:TERS

UNC Lab Solution fo.. __

1sotcpe(s):

Calculated Activity: ' '

1. Isount used for each spole: ral

7. Calculation of saeple dry'v:eight:

Sampic!o. San;11e fio. Sarapic !:o. __

h Planchette + Sar41e Weig5 ti

- Planchette Tare 1|oight - - -
,,

Sample t!eight

3. Counting Data:

Instrt; ment Used:

Instrument Background: _ cts / minutes = crim

Gross Counts; Sample Io. , cts / minutes = cpm

Cross Counts; Sample fo.
_

cts / ninutes = _ cpm

Gross Counts; Sample 1o.- cts / minutes - (pm

Instrunent Efficiency; Smple f:o.
'

Instru:r.ent Ef ficiency; Sample f:o.

Instrure.ent Efficicncy; Sainle f:o.
__

.

,

Hidtine of Counting; Sample I o.
,_

hrs. _date*

111dtirac of Counting; Sample I:0. hrs. _ date
Midtine of Counting; Sample f:o.- hrs. _date

Hidtime of counting of the first sample is artiltrarily i = 0.
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Sample lio, dpm/ml 1 dpm/ml

Calculation:

Sample No, dpm/ml i dpm/:al

Calculation:

4. Calculation of solution activity frora the three samples

The best determination of sample activity uses the following equation:

* *i/oi i
* Dest = 2

Li/ag

Where x = the average value of the solution concentration
tle> t

x, = the individual sanple conccntrction
og = the standard deviation of the individual value.

The best detettination of the standard deviation uses the following equation:

o IEcst =

Calculation:

U:!Clab Solution !!o.:

Calibrated Activity = dp:n/ml i dra/tal

Date ar.d tire of calibration

Signature Date
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Channel of peak of interest: Start channel

,

'

Stop channel

Detector Background over peak of interest: ct/
tainutes = cpm.

Sample count over peak of interest: cts / minutes =

cpm.

Midtime of counting, UNC Lab Solution No.: hrs. date

Midtime of counting , UNC Lab Solution'No.: hrs. date

Midtime of counting, UNC Lab Solution No.: hrs. date

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

'

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

The following equation will be used to calculate the activity of

each sample:

dpm = S - B 1.96'S/T + B/T
-At/T + eve-At/Tp,eve p

where

S = sample gross cpm

B = background cpm

V = sample aliquot in ml

T = sample count time
S

TB = background count time in minutes

e^! k = radioactive decay equation-

a

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



Section Name Environmental / Radiation

Policy / Procedure 6.1.A.16.0

Page 15 of 17

Date Issued April 1, 1981

Supersedes , New / /

APPROVED / [[

()
'

fY''

of counting of the sample of interest

T = half life of the istope of inter 2st.y

A = a constant = 1og 2
10

will only contribute significantly whenNote: The expression e-At/Ty

the half life of the isotope is short, as in the case of Po

208.

UNC Sample Solution No.: dpm/ml 1,-

dpm/ml

Calculation:

--
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H. 50t UT 10': C AL 1 CRAT I O1 1:D aK5t:E ET '

UNC Late Solution No.-

Isotope (s):'

Calibrated I.ctivitv:

Note: a separate teorksheet shall 11e used for cach istope of a riulti-isotope
solution.

1. ml used for each sc:rple: ml

2. Counting Data:

Instrument used:

Sarnple I:o.-

Detector t! sed:

Detector Efficiency:

Channels of peak of interest: start channel stop channel

Detector Cackground over peak of interest: cts / minutes =

cpm.

Saicple counts over peak of interest: cts / minutes coa

Sample No.:
.

Detector Used:

Detector Efficiency:

Channels of peak of interest: start cLannel stop channel
.,

Detector bacLground over peak of interest: cts riinutcs =
'
.

cpm.
,,

'- Sample counts over peak of interest: cts minutes e

cpm

Sampic No.: _ _ _ ,

Detector Used: ,

.

Detector Efficiency:
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Sampic rio, dpm/ial i dpm/c:1

Calculation:

5. Calculation of solutien activity frco the three sampics

The best deterrr.ination of sarapie attivity use the follouing for ula:

I *i/ci
*Best =

.I 1/o 2g

.herc xCest = the averaga value of the solution concentration
xg == the individual sa mle concentration valuethe standard deviation of the individual valueo g

The best determination of the standard deviation uses the fcilewing fonaala:

"Cest = (r 1/ag )42
g

'

Calculation:

l!!!C lab 50101106 !;o.:
Calibrated cctivity = dpm/mi i dpm/ril

Date and tiac of calibration
DalcSit; nature: _ , _ _ _ _
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6.1.A.17.0 STORAGE, USE, AND llANDLING 0F RADI0 ACTIVE 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 adhered to at all times:

-1. ~ The concentr6ted solutions shall be stored in a locked cabinet in
'

.their original ~ ntainers until their: specific use.

. hen needed, the concentrated solutions will be diluted to workingW2.
,

-( i-
concentrations by.the Environmental Chemist in accordance with the''-

Radioactive Solution 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 shc11 be stored in a locked cabinet in Teflon c-

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 Environmental 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.

y3 8. Each diluted soluton will have a labeled pipet of the proper size
x J-

which shall be used exclusively for dispensing of that solution.

. - - . -. ..
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RADIDACTIVE SOLUTION LOG

UNC Solution No.-

Isotope (s):

Calibrated activity:

* -' -=14heation:

Volume Volume Volume

Date Used By Purpose Before Use Used Returned

.

--..g
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AUTHORIZATION TO DILUTE A CONCENTRATED RADIDACTIVE 50ttlTION

is specifically authorized to dilute
the below indentified Radioactive 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 Youme:

Serial of Lot No. (if any):

Solution compotition:

UNC Solution No.-

Dilution Instructions:

Diluted Volume (Volume of Concentrated sample & diluting liquid):

Dilute with: _
Store in:

Labeling of storage containers:

Isotope:

Activity per ml (calculated):

Activity per ml (from calibration):

Date of ca'culation:

UNC Solution No.-

.
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6.1.A.18.0 PREPARATION AND STANDARDIZATION 0F REAGENTS

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 Jthe procedure nonual, however,

it is helpful to know the concentration units employed and how.to pre-

pare and standardize certain types of reagents.
.

i]) A. CONCENTRATION UNITS

'1. Percent by weight - The percentage 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) - Males 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:
,d\_'

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

rather than a + b.

B. PREPARATION OF REAGENTS

1. All reagents shall be prepared using reagent grade chcmicals and

high purity water.

2. If a solution of exact normality is to be prepared by dissolving a

weighed amount of a primary stancard or 'by diluting a stronger

solution, bring it up to exact volume using a Class A volume-

tric flask.

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

it is easier to mix the concentrated solution or the solid

with mez.sured amounts of water using graduated cylinders.

4. When prcparing 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.-

.

-C. STANDARDIZATION OF REAGENTS

1. For the dilution of most solid material, adequate.standardf-

zation is obtained by careful weighing of the solid on an anal-

ytical balance anc. the use of Class A volumetric glassware 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.

Prepare a quantity of Cer'ified Potassium Hydrogen Phthalateta.

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 tt.a Potassium Hydrogen Phthalate

on the analytical balance and record the weight to four

decimal 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 so?ution well and transfer to a clean glass bottle.

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

formula:
M= grams used

504.23 g/eouivaldnt weight X 1 liter
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In this cate the Normality will be approximately 0.1N

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

g. This solutic, represents the primary standard for determining the

concentration of basic solutions. Tha 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.

2. 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.

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

4. Fill a fifty milliliter burette with the Potassium Hydrogen

Phthalate Solution. (KHP)

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

ume of KHP solut on used.

6. Calculate the concentration o# the base by the following

"KHP XVN KHP=
Base

V
Base

'

7. Label the base appropriately.
_

.

N
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h. To standardize an acid solution a solution.of approximately

0.1N Sod',1m Hydroxide is prepared and standardized as abov(

This base is now used to standardize the acid solution.
.

,--.

's__.-

|
|

7 ""%
-

,.

<

-- ,
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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 which are used in the performance of analyses but which

i .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 not 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.

-

..

A
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EQUIPMENT MALFU!;CTION REPORT

Equipment

Serial No. 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 Perfarmed:

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

J. removed from service. A tag shall be attached indicating that the

-instrument has been removed from service and may not be used.
f)
- 1, , '

The attached form must then be filled out and submitted to the Environ-

mental Chemist who will initiate corrective action. Do not attempt

any corrective action until 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 shall 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 report

should be filed with each systems check in the files for the instrt. ment.

-

,m---

~-

^
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INSTRUMENT KALFUNCTIO'i REPORT

in! trument

Serial No. or Morton Ranch No.

Location of Instrument (Room No.)

Instrument Removed from Service and Tagged date

Signature

Description of malfuntion:

Date Reported:

Signature ,

- Corrective Action "aken:

Date:

Signature:

Systems Checks Required:

1. Date Signature

2. Date Signature

3. Date Signature

4. Date Signature

5. Date Signature

Date Insturment Returned to Service Sinnature

.

.
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6.1.A.21.0 SAMPLE PREPARATION I

A. PUPROSE

iTo provide instructions for preparir,j .cmples for either instru-

mental or ch'emical analysis.

.

'B. SCOPE
,

This procedure details preparation methods for all sample types re-

' quiring any treatment. Any'other sample type 1.s analyzed as received..

.y \
^ '

C. RESPONSIBILITIES _
..

lit is_the responsibility of the Environmental Chemist to ensure that

this procedure is followed by the analyst and t'o evaluate the re-

sulting d'ata.

.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.anayisis request sheet.

- - - .. - . , . . . .
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E. SjFETY

Safety glasses are required. The jaw crusher and sample grinder

should be in proper working order. All 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.

F. QUALITY CONTROL

The balance shall be checked before use and the proper portion of

'the worksheet filled out. All utensils, containers, and equipment

shall be thoroughly cleaned before and after use. Oven temperatures

shall be recorded in the lo- book.

G. 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.

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 samsle 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 sample to a crucible or crucibles and place

in a 500 C muffle furnace for roughly 16 hours.'~

g. Reduce the furnace temperature to roughly 100 C before

atte"1pting to remove the sample.

h. Remose the sample and allow to cool to room temperature.

Weigh and record the Ash Weight.

2. 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.

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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d. Weigh and record the Dry Weight.

e. Grind the sample to approximately 6.5 mesh in the Wiley

Mill or equivalent instrument. Weigh and record the Ground

Dry Weight.

f. Transfer the sample to a crucible or crucibles and place

in a 500 C muffle furnace for approximately 16 hours, un-

til completely ashed.
Ug. Reduce the furnace temperature roughly to 100 C before

attempting to remove the sample.

h. Remove the sample and allow to cool to room temperature.

Weigh and record the Ash Weight.

i. Proceed to the desired analysis.

3. Water for Dissolved Analysis

a. Mount a 0.45 micron filter in the filtration apparatus.

b. Apply vacuum to the system and fill with the water sample.
,

As the liquid level falls, add more sample, until the fil-

tration rate slows significantly.

c. At this point the filter may need to be changed. If so,

change the filter and continue.

d. Save the filters in a labled dish. They represent the sus-

pended portion of the sample.

-
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e. Transfer the water to a clean, dry container. This

represents the dissolved portion of the sample,

f. Proceed to tria desired analyses.

H. RELATED OPERATIONS MANUALS

1. Jaw Crusher

2. Pulverizer-

'^', 3. Cutting Mill

4. Sieve Shaker

5. Forced Air Drying Oven

6. Gravity Convection Drying Oven

7. Muffle Furnace

8. Filtering Equipment

.

S

4

m

h

,- r
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SAf1PLE PREPARATION WORKSHEET

Laboratory Sample Preparation:

Balance Check:

Balance Used:

Known Weight Used: g

Balance Reading: g

_.

Sample Wet Weight: g

Sample Dry Weight: g

Ground Dry Weight: g

-Ash Weight: g
.

Comn. ants :

.

,7 Analyst: Date:
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I. 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. RESPONSIBILITV

It is the responsibility of the Environmental Chemist to ensure

that this procedure is follo:eu 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 Mts to the Environmental Chemist.

The analyst must sign the laborstory worksheet in the appropriate

location to indicate that the procedure has been followed without

deviation.

.

D. REAGENTS

k. Nitric Acid - concentrated, reagent
.

.

2. Ra 226 - Standard solution 100 pCi/ml. Traceabie 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 appropriate

sample size for the type of sample 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
'

i

i

.~

w ws
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' 6.1.A.22.0 GROSS ALPHA'AND GROSS BETA DETERMINATION

A.- PURPOSE

To provide an analytical method for the determination of gross alpha

and gross beta activity in environmental. samples.

B. SCOPE

~

'This analytical procedure applies to the analysis of all routine

environmental samples.
,,

, ;hJ

C. RESPONSIBILITIES

It is'the reponsibility of the Environmental Chemist to ent,ure that

this procedure is followed by the analyst and to evaluate the results.
,

It is the responsibiliby 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

n. Safety. glasses required.
; q,j <

*
s

,

t ww , .,.-,,*y.y, ,. - g- , ,e,-.m>a e .,ap - , .p- - 4,+ -., , ,.,.,,,p ,...en y ,, y,,,,,m. . , _ , , , , , , , . ,
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E. QUALITY CONTROL

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 consists of

fewer than ten samples, one duplicate, one spike, and one blank

shall be aaalyzed.

F. PROCEDURE

1. Reagents

a. None

2. Determination for Water

a. Measure the conductivity of the sample.

b. Estimate the solids content of the watei. 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 ml volume for analysis.

e. Measure the selected volume into a beaker.

f. Record the volume of the sample taken and 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 concentrate 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.

3. 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 sampia on a low-background counter for alpha and/

or beta activity.

e. Calculations are performed as deccribed in the calculations

section of the manual.

'

_ _ . _
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G. WATER CALCULATIONS

Activity and error at the 95% confidence level.

!Gross alpha or gross beta (pCi/l) =( V ) 2.22 (V '). 2 &
'

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

V = Volume of sample in liters.
s

Lower Limit of Detection

Lower Limit of Detection = 4.66 /B/T
B

2.22 EV
3

H. SOLID SAMPLE CAL':LATIONS

'

Activity and error at the 95% confidence level.

(A - B) i 1.96/A/TA*G'ross alpha or gross beta (pCi/1) =
'

- (C)(D)(E)2.22 (C)(D)(E) 2.22

Where

A = alpha or beta count rate (cpm)
'

~

B = background count rate (cpm)

t
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TA = Sample count time

TB = 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 /B/T''' Lower Limit of Detection (pCi) = B

(C)(D)(E) 2,22

.

\

w
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GROSS ALPHA AND GROSS BETA WORKSHEET FOR !!ATER

Laboratory Sample No.:

Sample Type:

Estimation of Aliquot Volume:

Conductivity = X 0.8 = mg/ liter

mg/ liter - - 150 mg = liter = calculated aliquot

Actual aliquot used (V ) = liter. Diluted'to l i te'.' .
s

Sample Dry Weight:

Planchette plus Sample Weight gram

- Planchette Tare Height gram.

Sample Weight gram mg=

Counting Date:

Instrument Used:

Instrument Background (B): cpm alpha, cpm beta

Background counting time (T ): minutes
B

Gross Sample Activity (A): cpm alpha, cpm beta

Sample counting time (T ): minutes
A

Instrument efficiency (E): alpha, beta
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Calculation:
A-B 1.96 /Gross alpha or beta = , A.'T + B/TA B

(E)(V )2.22 (C (Y )2.223 s

Calculation:

alpha =

beta =

Lower limit of Detection 4.66/B/T=
B

2.22(E)(V )s

LLD (alpha) =-

LLD (beta) =

Result: Gross alpha = pCi/l i pCi/1, LLD = pCi/1-

G ross beta pCi/l i pCi/1, LI.D = pCi/1.=

Analyst Date
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CROSS ALPHA AND GROSS BETA WORKSHEET FOR SOLIDS

Laboratory Sample No.:

Sample Type:

Total Dry Weight: ,_ grams

Total Ash Weight: 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 (T ): minutes
B

Gross Sample activity (A): cpm alpha, cpm beta

Sample counting time (T ): minutes
A

Instrument efficiency (E): alpha, beta

Calculations:

.

Gross alpha,or beta (pCi) = A - B 1.96 / A/TA + B/Tu

. (C)(D)(E)2.22 (C)(D)(E)2.22
'

alpha =

_

beta =

L
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4.66 TB/TLower Limit of Detection (pCi) = B

2.22(C)(D)(E)

LLD alpha (pCi)

/

,

LLD beta (pCi)

Result

Gross alpha =~ pCi/g i pCi/g,LLD = pCi/g

Gross beta pCi/g i pCi/g,LLD = pCi/g=

.

Analyst Date

- x
/
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6.1.A.23.0PROCEDUREFORDETERMINING'ALPHAANDBETd
ATTEUUATION AS A FUNCTION OF RESIDUE

~ ; PURPOSE'A

To provide a procedure to correct for the effects of sample residue

on th5 instrument counting efficiency.

.

B. SCOPE

The efficiency curve producid may be applied to, all routine environ-

7j mental samples.
L/

C. RESPONSIBILITIES-

.It is the responsibility of the Environmental Chemist to perform

the_ procedure without deviation and to generate the necessary

' graphs.

D. REFERENCg~

L.L.-Thatcher, and V. J. Janzer, U. S. G. S., and K. W. Edwards,
~

Colorado-School of Mines. 1977 Techniques of Water - Resources

Investigations of the United States Geological Survey, Chapter AS

Methods 'fo* Determination of Radioactive Substances in Water and

[ Fluvial Sediments. ' U. S. Government Printing Office, Washington

'k ) - D. C. 20402. . Stock Number 024-001-02928-6.

. . . - . .- .. .. . . . . .. .- .-. - .. - - -
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E. SAFETY

All radioactive solutions to be handled wearing rubber gloves.

Work to be performed in a properly operating radioisotope fume hood

F. QUALITY CONTROL

Class A volumetric equipme it to be used. All measurments of weight

to be performed on an analytical balance and recorded to four deci-

,_
mal places.

G. PROCEDURE

1. Reagents

a. Calibration Solution A: Dissovlve 0.284 g MgS0 7H 0,
4 2

0.070 g Nacl, 0.0269 CaSO 2H 0, 0.109 g NaHC0 , and 0.245
4 2 3

g CaC0 in deionized water. Dilute to 2.00 liters.
3

b. Calibraticn Solution B: Dissolve 1.350 g MgSO .7H 0;-

4 2

3.510 g Nacl, 1.550 g CaSO .2H 0, 0.508 g MgC1 6H O and
4 2 2 2

0.300 CaCl in dei ni ed water. Dilute to 2.00 liters.
3

c. Lead 210 standard solution - approximately 500 pri/ml and

acidified to approximately IN with hydrochlori .

'2 3 2)2'd. Uranium standard solution - Dissolve 0.177 9 of II 0
.

2H 0 in approximately 500 ml of deionized water. ..id 15 ml
2

of concentrated llN0 amd dilute to 1000 ml in a voiumetric
3

flask.

1-
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2. Preparation of Beta Calibration Curve

a. Add the following amounts of calibration solutions A & B to

100 ml Teflon beakers.

Beaker No. A(ml) B(ml) Approx. Residue (g)

1 25 10

2 5 20

3 80 30

4 10 40
m-

5 140 50

6 20 60

7 200 7,

8 25 80

9 250 90

10 30 100

11 300 110

12 35 120

13 350 130,

14 40 140
,

'

15 400 150,

016 - -

- 17 0- -

18 - - 0
,

19 - - 0
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b. To each beaker add 1.00 ml of lead standard solution. To

beakers 18 and 19 add 5 drops concentrated NH 0H.
4

c. Evaporate all solutions to dryness. When beakers 18 and

19 are dry, raise heat to 350 to volatilize NH Cl.
4

d. Quantitatively transfer the residues in the beakers to
'

tared planchettes using rubber policemen and a minimum of

deionized water.

e. 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.

f. Disperse the final liquid slurry in the planchettes as uni-

formly as possible, disrupting large aggregates. Evaporate

to dryness.

g. Place the planchettes in a desiccator overnight. Weigh the

planchette to determine the weight of residue.
.

h. Count the planchettes in a low background beta counter.

i. Proceed to the calculation portion of the procedure.

3. Preparation of Alpha Calibration Curve

a. The preparation is identical to the beta calibration curve

except that the standard uranium solution is used instead

of the lead solution.
.

. %

u
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H. CALCULATIONS

1. Knowing ti.e 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,

c

/
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~6.1. A.24.0 FLUOR 0.'ETRIC DETERMINATION OF URANIUM IN ENVIRONMENTAL SAMPLES

A. -PURPOSE

'

~To provide an analytical method for total uranium in environmental

! samples where the determination of individual isotope concentration

~is not required.
-

~
,

B. SCOPE

.The procedure _ applies to the analysis of all routine environmental
, ..

- ()? sample types. ' Analysis must be limited to low levels of uranium.

Higher activitit'y levels will require dilution.

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.

D. RECORD-KEEPING

- All 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.

, . - - . _ - ._.. __ ._ _ . . - . _ .__ ,_.. _ _ ~ . _. _ .. . _ . _
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E. SAFETY

Safety glasses rea,uired. Rubber gloves to be worn when handling

any reagents. Didymium glassblowers goggles to be worn when the

f usion 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.

F. QUALITY CONTROL

One spike sample and one duplicate to be analyzed 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.

All 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.

All 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. f;p,g'
4

.



Section flame Environmental / Radiation
i

Policy / Procedure 6.1.A.24.0

C Page 3 of 13
~

Date Issued April 1, 1981
,

Supersedes - f.Ilew f,

bAPPROVED
v' /

G. PROCEDURE

1. Reagents:

a. Aluminum flitrate (Saturated)- Add aproximately 625 grams

of reagent grade Al(fiO )3'9N 0 to 250 milliliters of 7%3 2

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 extracting 8 ml of the above reagent with 10 ml

of ethyl acetate. If the blanks 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 mi separatory funnel.

Store the extracted solution in a polyethylene bottle over

crystals of uranium free aluninum nitrate.
,

b. Aluminum Nitrate (0.2 Molar) - Dissolve 7.5 grams of Al(t10 )'
3

9H 0 in deionized water. Add one drop of concentrated nitric
2

acid and dilute to 100 ml. Test the uranium concentration

as in the saturated aluminum nitrate solution.

c. Ammonium Hydroxide (1:1) - Dilute 500 ml of concentrated

ammonium hydroxide to 1 liter with deionized water.

-
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d. Ammonium Nitrate Solution (1%) - Dissolve 5 grams of reagent

grade ammonium nitrate in deionized water and dilute to 500 ml.

e. Diammonium Hydrogen Phosphate Solution - Dissolve 6 grams

of reagent grade (NH )2HP0 in deionized water and dilute4 4

to 500 ml.

f. Diethyl Ether - Reagent

9 Ethyl Acetate - Reagent

h. Flux - Using anhydrous reagent grade ~ chemicals, prepare a

flux consisting of 9% sodium fluoride, 45.5% sodium carbo-

nate, and 45.5% potassium carbonate by weight. Dry mix the

chemicals for approximately 12 hours in a ball mill. Fuse

the resulting 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.

i. flethyl - 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.
,

_

j. Nitric Acid - concentrated, reagent.'

k. Potassium Pyrosulfate Crystals, reagent.

1. Sodium Hydroxide - Pellets, reagent.

.
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m. Standard uranium stock solution (100 pg) - Dissolve 0.1782

grams of reagent grade uranyl acetate dihydrate in approxi-

mately 500 ml of deionized water. Add 2 ml of concentrated

reagent grade nitric acid and dilute to 1 liter. Store in

polyethylene bottle. From this stock solution, prepare work-

ing standards containing 2.5 pgU/ml, 1.0 pg U/ul, 0.2 pgU/ml,

0.1pgU/ml, and 0.05 pgU/ml.

2. Determination for Water

a. Place 250 ml of each sample in a 400 ml beaker.

b. Prepare two blanks by placing 250 ml of aeionized water in

each of two 400 ml beakers.

c. Add to each sample and blank:

1. 3 ml of concentrated nitric acid.

2. I ml of 0.2 molar aluminum nitrate 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

ions. In that event, add anmonium 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 odd

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.

f. Digest the precipitate on the hotplate for 10-15 minutes.

Allow the precipitate to cool and settle.

g. Using an aspirator, draw off as much of the supernatant

liquid as possible without disturbing the precipitate.

h. 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.

i. Add 8 ml of the saturated aluminum nitrate reagent 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.

j. Transfer the solution to a 50 mi stoppered test tube. Drain

the centrifuge tube as completely as possible but do not wash.

k. 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: Do not let the samples stand for a long period at

this point. Excessive pressure may build up and

blow the stopper from the tube.

1. Draw off about 13 ml of the ethyi acetate and filter through

a dry Whatman fio. 42 filter paper into a dry test tube;

stopper the tube.

m. 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-

f erred 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.

n. To each of the dishes add 0.5 grams of the flux mixture.

L _
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o. Place the dishes on the rotating fusion table. Press the

start button on-the fusion apparatus. flake 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. When fusion is complete allow the

sample to cool for 8 minutes with the table rotating.

p. Place the dishes in a desiccator and cool for at least 30

minutes.

q. Allow the fluorimeter to warm up for at least is hour before

use.

r. Remove the samples from the fusion dishes. Do not touch

the sample with fingers in order to avoid contamination

with skin oil which may quench the fluorimeter reading

s. Read each sample in the fluorimeter and record the result.

t. 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 pgU/ml

0.20 pgU/ml

1.0 pg/U/ml

2.5 pgU/ml
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u. If the sample gives a greater reading than above, the

extraction must be diluted with reagent grade ethyl acetate.

v. The actual uranium concentration of the samples may now be

determined. A typical analysis will consist of two blanks,

two aliquots of each sample unspiked, and two aliquots of

each sample spiked with the appropriate spike from step t.

Transfer to platinum fusion dishes four 0.5 ml aliquots of

each sample and two 0.5 ml aliquots of a blank.

w. Burn the ethyl acetate as in step m.

x. To the appropriate sample dishes add the spike. Place the

samples under a heat lamp and dry,

y. To each fusion dish add at 0.5 grams of flux

z. Proceed as in steps o through s.

aa. The uranium concentrations are then calculated by the method

descrihed in the calculations section of this manual.
.

3. Determination for Soil, Sediment, and Vegotation

a. Weigh out 1 gram of prepared sample,

b. Transfer to a 100 ml Teflon beaker and evaporate twice to

dryness with 15 ml portions of concentrated hydrochloric

acid.

c. Dry in oven at 100 C for a minimum of 2 hours to dehydrate

the silica.
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d. Add two ml of concentrated hydrochloric acid and 20 ml of

water and heat, covered, for 30 minutes. Decant liquid into

a 50 ml centrifuge tube. Centrifuge at 2000 RPM for 5-10

minutes. Decant he supernatant liquid into a 250 ml bottle

and transfer the residue back to the Teflon beaker.

e. Add 15 ml of 485 hydrofluoric acid and 10 ml 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.

f. Add 2 ml of concentrated hydrochloric acid and 20 ml 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 portion. Transfer the remaining resi-

due to a 15 ml plantinum dish. Dry under a heat lamp.

g. Add 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.

u_
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h. Dilute to 250 ml 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 c6tting 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:

(A - B)SU= ,F'AD
(D - A)V3

where

U = concentration of uranium, in micrograms (ug) per unit, in the

sample

A = Fluorimeter reading of the sample

B = Fluorimeter reading of the blank

S = Micrograms of uranium in the spike

l
_ _ _
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D = Fluorimeter reading of the sample .tpiked with 5 micro-

grams of uranium.

V = The sample size in liters, grams, etc.
3

F = Dilution factor, used to correct for the dilution in step u
D

EA = Extraction volume factor
V lume of ethyl acetate used in extraction

EA= Volume of ethyl acetate used in fusion

,

.

i
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Laboratory Sample fMicr: _

Sampic Type-

Aliquot U nd for Analysis: =Y

' '

HI of ethyl acetate used for extractien:

Spite em.ma.t determination:

Ethyl acetate aliquot: fluorir10ter reading:
_

~ Spike Oceunt i, set =$

Dilutier. required: Amount of othyl acetate used

to dilute: ral

AIluorimeter reading of ru:nic: r

0Iluortracter reading of blant: =

Fluorirxter rec,diric of spiled sample: =0

[lilution factor: =F
D

Extrectien factor: .
E,,,

.

( A - r,) S 7* Uranicr tenccntratienCalculation: U= D A.

(D-A)V S

.
.

_

Analysis ecsult:
Og Analyst: __

Date:

.. - _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - - - _ _ _ _ _
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6.1.A.25.0''RNDIOCHEMICAL DETERMINATION OF RADIUM 226
'

|A. PURPOSE
-

'

To' provide an analytical' method for Radium 226 in environmental
'

-

h samples.

v

-+

B. SLOPE

I
~

j This analytical _pr6cedure applies to all routine environmental samples.
L

*

:, - _ ,

k$ "
C. .' RESPONSIBILITIES

b .
It is_the responsibility of the Environmental 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 this procedure and to report any abnormal results to the
~

Environmental Chemist.' The analyst must sign the laboratory work-

sheet in the appropriate location to indicate that the procedure
<

'

has been followsd without deviation.

>

D.: SAFETY.
W
l:~ ' Safety glasses required. When using hydrofluoric acid or hydrogen

peroxide, rubber gloves, rubber apron, safety glasses, and full
.

A face shield shall he worn. _ Xylene shall be used only in a properly
A p

operating fume hood. Any spill of mercury shall be cleaned up in-
,

environmental Chemistmediately using the mercury spill kit and the

p

_
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notified. The high pressure helium tanks shall be secured at all times

and shall be used only with a suitable two stage regulator.

E. QUALITY CONTROL

A spike sample, a duplicate sample, and a blank shall be analyzed with
-

every ten samples in a sample run. If fewer than ten samples are analyzed

in a single run, a spike sample, a duplicate sample, and a blank shall be
'analyzed.

A recovery spike sample shall be analyzed for each sample.

F. PROCEDURE

1. Reagents

a. Ammonium Acetate (6 Molar) - Dissolve 462g of ammonium acetate

in 500 ml of deionozed water and diluted to 1 liter.

b. Ascarite - 8 to 20 mesh,

c. EDTA - Sodium Carbonate Decontaminating Solution - Dissolve

109 of tetrasodium EDTA and 10g of sodium carbonate in deionized

water and dilute to 1 liter.

d. Hydrochloric Acid (6N) - Mix 1 volume of concentrated reagent

hydrochloric acid with 1 volume of deionized water.
'

e. Hydrofluoric Acid (48") - reagent.

f. Ilydrogen Peroxide (30~) - reagent.

l
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g. Lead Carrier Solution (100 mg/ml) - Dissolve 40g of Pb(h0 )23

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 ld8 nl of concentrated nitric acid

-in 600 ml of deionized water and dilute to 1 liter.

k. Sodium Carbonate - powder, reagent.

1. Sodium Carbonate (3N) - Dissolve 1599 of anhydrous sodium

carbonate in 500ml of deionized wate; and dilute to 1 liter,

m. Sodium hydroxide - Pellets, reagent.

n. Sufuric Acid - concentrated, reagent.

o. Sulfuric Acid (lN) - Mix 28 ml of concentrated sulfuric acid

in 500 ml 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
,

* h
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d. Radon De-emanation Apparatus - consists of open ended manometer,

gas purification tube and stopcocks. See Attachment 1.

e. Radon Bubblers - See Attachment 2.

f. Helium Cylinder - Equipped with a two-stage regulator and a
'

needle valve.

g. Pyseal or equivalent - for sealing bubbler joints.

h. Centrifuge

i. Lucas Cells - See Attachment 3.

j. ifagnetic stirring hot plates.

k. flickel crucibles.

3. Determination for Water

a. Transfer two 100ml aliquots of sample to 2 liter beakers.

Add Iml of Ra-226 solution to one of the beakers as a recovery

spike. Label the spike beaker accordingly.

b. Adjust the pH to approximately 1.0 with concentrated nitric

acid, add 10ml of lead carrier.

c. Add 35ml of concentrated sulfuric acid, and heat to about 70 C

with stiring on the magnetic stirring hot plate.

d. Remove the sample from the hot plate and allow precipitate to

settle overnight. Decant or aspirate, discard the supernate

and transfer the precipitate to a 50ml centr'.iu3e tube using

~ IN sulfuric acid.
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e. Centrifuge, discard the supernate. Wash the precipitate with

10ml of water, centrifuge, discard the supernate.

f. Rinse the walls of the 2 liter beaker with 5al of 6H 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.

9 Heat in a water bath with stirring until the precipitate dissolves.

h. Slowly add 20ml of 3N sodium carbonate, continue heating, and

stir for 15 minutes. Centrifuge, discard the supernate. Wash

the precipitate twice with 10ml of deionized water. Discard

the washing.

i. Dissolve the carbonate precipitate with 10ml of 3N nitric acid,

reprecipitate using 30ml of hot 3N sodium carbonate.

j. Heat and stir for approximately 15 minutes, centrifuge, discard

the supernate. Wash the precipitate with 10ml of deionized

water. Centrifuge, discard the supernate.
.

k. Dissolve the carbonate precipitate with Sml of 3N nitric acid.

Transfer sample to radon bubbler with a minimum of 7m1 of de-

ionized water. The bubbler frit should first be moistened with

a drop of deionized water.

1. Seal the bubbler with pyseal.

-- 1
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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 p oduced. Purge the
~

liquid for 10 minutes. Record the end of this time as the

zero ingrowth time.

n. Close the inlet stopcock on the bubbler, remove the gas

connection, and close the outlet stopcock on tihe bubbler.

c. Store the bubbler for a minimum of 14 days before collecting

and counting the Radon-222.

p. Proceed to the de-emanation section of this procedure.

4. Determination for vegetation

a. Weigh out two 4 g aliquots of vegetation ash into two nickel

crucibles.

NOTE: It may be necessary to use less than 49 of ash in

order to leave sufficient sample for the other re-

quired analyses.

Add 1ml 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.
.



Section flame Environmental /R;nliiLtior.

Policy / Procedure J .l.A.25.0
t

'

Page 7 of 23 ~ ~

-

'IC
,

_. Date Issued April 1, 1981'

'

Supersedes -_ flaw ,

_ _
,

> APPROVED bh /
.O

'

//
c. 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.
-

d. Remove the crucible from the flame immediately into a cold

water bath to crack the mixture.

e. 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,

f. Dilute the total volume in the beaker to 300ml with boiling

deionized water. Place the beaker on a preh'eated hotplate and

boil to disintegrate the fused mixture. Add deionized water

as necessary to keep the volume between 150-200ml.

g. Cool then transfer the mixture to two 100ml centrifuge tubes.

h. Centrifuge for 5 - 10 minutes and discard the supernate. Wash

with 50ml portions of hot deionized water. Centrifuge and dis-
.

card the supernate.

i. Add 12ml of 6M hydrochloric acid to each centrifuge tube to

dissolve the precipitate. Add 12m1 of deionized water to each

centrifuge tube.

j. Centrifuge the solution. Pour off the liquid into a clean

250ml beaker. Discard the solid residue.
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k. Transfer 10ml of the solution to a radon bubbler. Measure

the remaining volume of solution with a graduated cylinder.

Record the total volume of solution (Including the 10ml al-

iguot) on the worksheet.
-

1. Proceed to step m of the determination for water.

5. Determination for Soil, Sediments and Glass Fiber Airfilters,

'

a. Weigh 29 of the prepared sample into a 600ml beaker.

b. Add 50ml of concentrated nitric acid to the sample and heat

on a hot plate.

c. Evaporate to near dryness but do not let the sample completely

dry out,

d. Add 50ml of concentrated nitric acid and 30ml of 30% hydrogen

peroxide. Heat on the hot plate to near dryness.
>

e. Transfer the solution to a 100ml centrifuge tube with de-

ionized water. Centrifuge for 5 - 10 minutes.

f. Pour the solution into a 2 liter beaker and transfer the residue

to a teflon beaker using deionized water.

g. Add 25ml of concentrated hydrofluoric acid to the teflon beaker

and evaporate to dryness. Repeat.,

h. Add 25ml of concentrated nitric acid and evaporate to dryness.

Repeat twice.

-
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i. Cool the residue and add 25ml 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 100ml 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.

6. Determination of Suspended Solids Collected on a Membrane Filter

a. Place the sample in a 150ml borosilicate beaker and wet ash I

with repeated additions of concentrated nitric acid in the

presence of Iml of concentrated sulfuric acid.

b. Transfer the solution and residue to a 15ml .11atinum dish, add

Sml of 48% hydrofluoric acid and evaporate urtil fumes of

sulfuric acid are given off.
,

c. Add 19 of potassium pyrosulfate, heat to volatilize the sulfuric

acid and fuse the pyrosulfate.

d. Disolve the residue in 3ml of concentrated nitric acid and 8ml

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.
-

b. Open the stopcock on the Lucas cell; close the stopcock on 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 aanometer or introduce mercury

into the vacuum systt..'.

c. 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.

d. Open the : stopcock to the helium gas and allow the gas to enter

the Lucas cell until atmospheric pressure is reached.

e. Return to step b and repeat step b only.

Close the stoccock of the Lucas cell and then supply helium1 .

to return the de-emanation system to atmospheric pressure.

g. Place the radon bubbler into the system. Before opening any

stopc(cks evacuate the de-emanation system. Open the stopcdek

of the Lucas cell.
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h. Close the stopccck to the vacuum and check for leaks as in

step c.

i. 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.

j. 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.

k. 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.

1. Repeat steps j and k.

m. 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 stopcock of the bubbler.
.

n. Continue the de-emanation until the manometer indicates at-

mospheric pressure has been obtained. The total time required

should be 10 - 20 minutes.

o. In rapid succession, close the stopccck to the Lucas cell,

close the bubbler inlet and outlet stopccc ks, shut off and

disconnect the gas supply.

)
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p. P.ecord the time and date as the end of ingrowth and the beginning

of decay time.

q. Store the bubbler for possible future de-emanation of the same

sample.
~

r. Place the Lucas cell in a dark area to light adapt.

s. Four hours after de-emanation, place the Lucas cell in the

scintillation detector, wait 10 minutes, and count. Record

the date and time for the counting period.

t. After counting is complete, remove the Lucas cell and reattach the

cell to the de-emanation system as in Attachment 1.

u. To remove the radon-222, evacuate the Lucas cell and cautiously

refill with helium as described in steps b and d. Repeat

several times,

v. For those cells with high activity, a counting check should be

made before the cell is used for another sample.

w. 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.

x. All Lucas cells should be stored, after cleanup, filled with helium.

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ . __



r

Section Name Environmental / Radiatio:

Policy / Procedure 6.1.A.25.0

Page 13 of 23
C

,

Date Issued April 1, 1981_

Supersedes _ f; _NeWL /

# APPP,0VED h
~

j /'
"

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 the 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-226 is to be determined,

remove the solution from the bulbler, 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 concer.tration greater than

10pCi, the bubbler should be f-lled with EDTA - sodium car-

bonate decontamination solution.
,

c. Place the filled 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 0.1N 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.

b
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9. Calculation of Result ;

The calculation of the Ra-226 concentration is made using the

following exnression

(C)#"/TS + B/iB(S-B)C 1.96
Ra-226 (pCi/ unit) = (E)(y )(V )(B )(A)(D) * (E)(y)(V )(B )(A)(D)l I.

3 3

S = Sample cpm

T = Sample Count Time
3

B = Background cpm

T = Background Count Time
B

C = Factor for the decay of Rn-222 during counting, (see Attachment 4)
min.E = Efficiency Factor = coun for a particular Lucas cell. .

Y = Chemical Yield = Recovery Spike Counts - Sample Counts
E E
R 3

Recovery Spike Decays

where E = Efficiency of the recovery spike
R Lucas cell.

E = Efficiency of the sample Lucas cell.
3

V = Sample Volume (liters / grams)
3

D = Dry weight ratio factor = [je = 1 for water samples.
el

lB = Factor for the ingrowth of Rn-222 from Ra-226 (See Attachment 4)

A = Factor for the decay of Rn-222 (See Attachment 4)

i

L _
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ATTACIDiENT 4

Factors for: Decay of -Padon-222, Growth of Radon-?22 from Radium-226,
and Correction of Radon-222_ Activity. for-Decay During Counting

_

Factor for
Correction of

Factor for Growth Raden-222
- Factor for Decay of Radon-222 ~from Activity for

of Radon-222 Radium-226 Decay during
Counting

Time
A=e-At B= 1 -e- A t C= At/ ( 1 -e- A t)

.

. Hours Hou rs Days Hours L,.
-

Days
- -

- - - -- - _ . __ --j v ..g_

-0.0 1.0000 0.000 00 .1.000
0.2 0.9985 0.001 51 1.001
0.4 0.9970' O.003 01 1.001
0.6 0.9955 0.004 52 1.002
0.8 '0.9940- 0.005 02 1.003

1- 0.9925 0.8343 0.007 52 0.1657 1.004
2 0.9850 0.6960 0.014 99 0.3040 1.0 03
-3 0.9776- 0.5807 0.022 40 0.4193 1.011
4 0.9703 0.4844 0.029 75 0.5156 1.015

'S. 0.9630 0.4041 0.037 05 0.5959 1.019

6 0.9557 0.3372 0.044 29 0.6628 1.023
7_ 0.9485 0.2813 0.051 48 0.7187 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. 04 6
13 0.9065 0.0948 0.093 49 0.9052 1.0 50
14 0.8997 0.0791 0.100 31 0.9209 1 . 0 54
15 0.Es29 0.0660 0.107 07 0.9340 1.058

16- -0.8862 0.0551 0.1138 0.9449 1.062 |

17 0.8795 0.0459 0.1205 0.9541 1.066
18 0.3729 0.0383 0.1271 0.9617 1.069
19 0.8664 0.0320 0.1336 0.9680 1.073 !

20 0.8598 0.0267 0.1402 0.9733 1.077.

;
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/.TTACliMENT 4 (Continued)

Factors for Cecay of Radon-222, Grmth of Radon-222 from Radium-226,
and Correction of Padon-222 Activity for Dacay Ouring Counting

(continued)
- --- . --

_ ____ __ _ , . = _ , . _ . - _

Factor for
Correction of

factor for Growth Radon-222Factor for Dacay of Redon-222- from Activity for
of Radon-222 Ra di um-226 Decay during

Time Coun ting

A= c- A t g= 1_g- A t
C= At/(1-e At).

Hours Days | Hours Days Hours- - - -
__ - - - . . _ _ . . - .

21 0.8534 0.0223 0.1466 0.9777 1.03122 0.8470 0.0186 0.1530 0.9814 1.085~

23 0.8406 0.0155 0.1594 0.9345 1.03924 0.8343 0.0129 .0.1657 0.9871 1.09325 0.8280 0.0108 0.1720 0.9892 1.097

26 0.8218 0.0090 0.1782 0.9910 1.10127 0.8156 0.0075 0.1844 0.9925 1.10520 0.8095 0.0053 0.1905 0.9937 1.109
,

29 0.8034 0.0052 0.1966 0.9948 1.11330 0.7973 0.0044 0.2027 0.9956 1.118
'

~

31 0.7913 0.0036 0.2037 0.9964 1.122.

.32 0.7854 0.0030 0.2146 0.9970 1.12633 0.7795 0.0025 0.2205 0.9975- 1.13034 0.7736 0.0021 0.2264 0.9979 1.13435 0.7678 0.0018 0.2322 0.9982 1.138

36 0.7620 0.0015 0.2380 0.9985- 1.14237 0.7553 0.0012 0.2437 0.9988 1.14638. 0.7506 0.0010 0.2494 0.9990 1.15039 0.7449 0.0009. 0.2551 0.9991 1.15440 0.7393 0.0007 0.2607 0.9993 1.159

41 0.7338 0.0006 0.2662 0.9994 1.16342 0.7283 0.0005 0.2717 0.9995 1.16743 0.7228 0.0004 0.2772 0.9995 1.17144 0.7173 0.0003 0.2827 0.9997 1.17545 0.7120 0.0003 0.2830 0.9997 1.179
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ATTACle!ENT 4 (Continued)

.

Factors for Decay of Raden-222, Growth of Radon-222 from Radium-226,
and Correction of Radon-222 Activity for Occay During Counting

(continued)
.

_ _ _ _ , = . . - - -

Factor for
Correction of

Factor for Growth Radon-222
Factor for Decay of Padon-222 frc:a Activi ty for

of Radon-222 Radi ta-226 Decay during
Counting

A=e-At 8el - e- A t C=A t/ (1-e- At)

Hours Days | lburs Oays Hours
'

46 0.7066 0.0002 0.2934 0.9998 1.184
-

47 0.7013 0.0002 0.2957 0.9998 1.188
48 0.6960 0.0002 0.3040 0.9993 1.192
49 0.6908 '0.0001 0.3092 0.9999 1.196
50 0.6856 0.0001 0.3144 0.9999 1.201

51 0.6S04 0.0001 0.3196 0.9999 1.205
. 52 0.6753 0.0001 0.3247 0.9999 1.209

_ 53 0.6702 0:0001 0.3298 0.9999 1.213
54 0.6652 0.0001 0.3348 0.9999 1.218
55 0.6602 0.0C00 0.3398 1.0000 1.222

-

56 0.6552 0.0000 0.3448 1.0000 1.226
57 0.6503 0.0000 0.3497 1.0000 1.231
58 - 0.6454 0.00C0 0.3546 1.0000 1.235
59 0.6405 0.0000 0.3595 1.0000 1.239
60 0.6357 0.0000 0.3643 1.0000 1.244,

.

e

& 4
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RADIUM 226 UORKSHEET

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 = hours

Factor from Chart (A) =
i

Ingrowth of P,n-222

End of Ingrowth - Zero Ingrowth = hours i

IFactor (B ) =

Decay of Rn-222 During Counting

Count Time = hours

Factor (C) =
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; Counting;DataI ' <
~ ~

~ , .

4| Sample lucas cell 1 Background (B). . cpml i
^

-

7 Sample)Lucasfcel Background time (T ) minutes
B

~
~ * . Spike?Lucas cell / Background: cpm

[ Spike Lucas: cell Background ~ Count: Time:- minutes.L

~

'

.

JSampleCounts:.(S)1 Ecpm"
,

,

iSample Cou.nt Timei ' minutes'
'

-Samhle Lucas cell Efficiency,-.(E)(E ); minutes-% .7 R

A | Spike Lucas? cell Efficiencyf(E )3
Ky

C alcu1Ations?
'

,'
~

C

'

~ =1ChemicallYield = Recovery Spike Counts - Sample Counts
+ E ER. 3

-
,

,

.

*
~

Recovery Spi _ke Decays

S;[ ' 40.iDry Weight Ratio Factor = Dry Weight = 1 for Water Samples
- o. .. . Ash Weight-

/ (C)Ra-226$(pci/ uni t) .'= _- (S-B)C l'.96 S/T3 + B/TB
-(E)(y,'(V )(BI)(A)(D) y (E)(Y)(V )(B8)(A)(D)

_

3 3<-

,u.s. f
,

, . Calcula. tion:
'

..h$

; r

f

. .-

-'yy,) ; ~

,

$

J

-p -

_. }_ }Q *_

4 u
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' Lower Limit of Detection

LLD Ra-226 (pCi/ unit) = '

EyV B D
3

-

Result:

Ra226 (pCi/ )= pCi/ i pCi/
,

LLD-(pCi/ )+ pCi/

Analyst Date

i

-
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, s- 6.1.A.26.0 RADI'0 CHEMICAL DETERMINATION OF RADIUM'228

:- A .' PURPOSE.

,

To-provide an analytical method for Radium'228 in environmental'

samples.

|B. 1 SCOPE-
~

?-This-procedure applies to the analysis of all routine environmental

..

: samples.
g

.J.

'

'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 th'e 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.'

m

vm D. SAFETY-
.( 4

'~

Safety' glasses required. Rubber gloves to be worn when handling

reagents. Ammonium sulfate, ammonium sulfide and acetone to be used'
-

c
e

N b:|

"

.
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only in a properly operating fume hood.

E. QUALITY C0!1 TROL

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,

and one blank are to be analyzed. A recovery spike sample is to

be analyzed with each sample.

D. 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 ml of 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.

g. Lead Carrier Solution (1.5 mg/ml) - Dissovie 2.4 g of lead

nitrate in water, add 2 ml of concentrated nitric acid and
-

dilute to 1 liter.

h. Sodium Hydroxide Pellets - Reagent grade

i. Sodium Hydroxide (10N) - Carefully dissolve 400 g of sodium,

hydroxide pellets in a minimum of water, dilute to 1 li;cr.

j. Strontium-Yttrium carrier (0.9 mg/ml Sr and 0.9 mg/ml Y) -
'

Dilute 10 ml of yttrium carrier solution (18 mg/ml) to 100

ml (Solution A). Dissolve 434.8 mg of strontium nitrate

in water, dilute to 100 ml (Solution B). Combine solution

A and B.

k. 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

a. If Ra 226 analysis was not reguested 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 cleaning.

b. Add 25 ml of EDTA reagent. Heat in a hot water bath and.

stir intermittently; add additional 10:1 sodium hydroxide in

small amounts if the precipitate does r.ot dissolve readily.

c. Add 1 ml of strontium-yttrium carrier solution. Stir thor-

oughly. Add a few drops of 10!1 sodium hydroxide if any

precipitate forms.

d. Add 1 ml of 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 until the precipi-

tate has largely settled. Centrifuge; discard one super-

natant liquid.

'

e. Add 20 ml of the EDTA reagent, heat, and stir until the bar-

ium sulfate precipitate dissolves. Repeat steps c and d.
.

p 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/

ml) and 1 ml of lead carrier solution (1.5 mg/ml). If any

precipitate forms, dissolve by adding a few drops of 10ft

sodium hydroxide. Transfer to a teflon or polyethylene
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container and age for a minimum of 36 hours (2200 minutes).
D

The sample should be covered to prevent evaporation.

Transfer the aged solution to a 100 ml centrifuge tube; add.g.

0.3 ml of ammonium sulfide solution.
Add 10N sodium hydrox-

-

ide dropwise while stirring until the lead sulfide pre-

cip'itates, then add 10 drcps ' excess, stir intermittently

over a period of 10 minutes.

h. Centrifuge the solution and tran. er the supernatant liquid

to a clean centrifuge tube.

i. Place the centrifuge tube in a hot water bath and slowly add

10N sodium hydroxide while stirring until yttrium hydroxide

precipitates. Add 1 mi excess and stir intermittently for

several minutes. Record the time of precipitation. Centri-

fuge as soon as the yttrium hydroxide has largely settled.

j. Wash the precipitate thoroughly with 5 ml of water contain-

ing about 10 drops of 103 sod'um hydroxide; centrifuge and

discard the wash solution.

k. Transfer the precipitate to a tared 2 inch diameter count-

ing planchette using small volumes of distilled water while

drying under a heat lamp. Add 1 ml of binder solution to

the last washing. Dry the sample and weigh.

1. Count the sa.aple in a low-background beta counter 'or a mini-

mum of 300 minutes.

A
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m. Calculate result as described in the calculations section

f of this procedure.

3. Determin Aion for Soil 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.

'4. Calculation of Results and Counting Error
at the 95% Confidence Level

The following formula is used to calculate the Ra-228 concen-

tration:
(S - B)At IRa (pCi/ unit) 2 X=

2.22 V Ec-At (1 - e-At )Y (1 - e -At )
'

1 2 3
3

+ 1.96 / S/lg + B/TB X 1_

2.22V Ee~At (1 - c-At )Y (1 - e-At )1 2 3
S

where,
.

S = gross sample count rate in cpm

,

B = blank count rate including background

T = sample count time in minutes
3

T = blank count time in minutes
B

T = elasped time from yttrium hydroxide precipitation to
1

the beginning of the sample counting period.

T2 = length of the sample counting period in minutes
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T = time of ingrowth for Ac-288 in minutes measured from the
3

barium sulfate reccipitation to the yttrium hydroxide

precipitation

V = v lume of the sample in liters or grams
S

A = a decay constant for Ac-228 (0.001885 min-I)

E = detector efficiency

Recovery spike cpm - Samole cpm
Y = Chemical yield.. .

=

E Spike dpm

O

:

O

__ - - -



MMm .

Section Name Environm, ental /Radia,t_ior

Policy / Procedure 6.1.A.26.0

Pace 8 of 10
gg

<

Date Issued April 1, 19'''.--.

Supersedes New , /.

APPROVED _ & _ ,._ _/ _
'

'
~C) /

Ra-228 ANALYSIS WORKSHEET

UNC Laboratory Sample No.:

Sample Type:

Is Ra 22C analysis requested? yes no

Aliquot Volume (V ):3

Recovery spike solution used:

Volume of recovery spike solutions used:

Planchette + sample weight

Planchette tare weight

Sample weight

Times and Dates (Use 24 hour clock)

Barium sulfate precipitation-

Yttrium hydroxide precipitu. ion:

Beginning of saniple counting:

_ Instrument Data
.

Instrument used:

Instrument efficiency, corrected for sample self absorption:

Blank sample gross cpm (B):

Blank sample count time (T ): minutes
B

Sample gross cpm (S):

O sempie couot time (T and t ): =4autes
S 2.

Recovery Spike gross cpm:

Recovery Spike count time:
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Calculation of Chemical Yield (Y)
'

'

y , Recovery Spike com - sample cpm (must be corrected for decay)
E spike dpni

.

Calculation of t and ty 3

t = time of beginning of count period minus time of yttrium hydroxide
1

precipitation

minutes
']

t =
y

'

t = time of yttrium hydroxide precipitation - time of barium sulfate
3

precipitation
I

1 if t3 > 2200 minutes
=

t3" (1 - e- At )3

Calculation of result and counting error at the 955 confidence level
(S - B) At *2 1

2
XRa 228 (pCi/ unit) =

2.22 V EY e-At (1 - e- At ) (1 - e-At )1 3
3

At I
1.96 6/13 + B/TB 2 X

-At (1 - e-At ) (1-e-At )1 2 32.22 V eye
3

Calculation:
o

,

O

.
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Lower Limit of Detection

4.66 /
LLD = B/T At X 1g 2

2.22V Eye-At10- e-At2) (1 _ e-At)3 3

Calculation:

.

Result

Ra 228 (pCi/ )= pCi/ + pCi/

LLD(pCi) = pCi/

Analyst Date

.

b

.

a

gr

--
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26.1.A.27.0 DETERMINATI0fl~0F P0-210 IN ENVIP.0NiiENTAL SAMPLES-
>-

A.- PUPROSE '-

'To provide an analytical method for Polonium 210 in environmental

: samples.

t

'

B. SCOPE

'This . procedure applies to the analysis 'of all routine environmental

samples.
.,

^

J

- C. RESPONSIBILITIES
^

P

It is the responsibility of the Environmental Chemist to ensure that

th: proceudre.is.followed by the analyst and to evaluate the.ianaly-.

tical_results.

It is the~respor.sibility 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.

,

J y. :D. SAFETY-
U-

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 "ced 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 shall be analyzed with each sample.

F. PROCEDURE

1. Reagents

a. Citric acid (40% 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 (50% 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 ml of 4 N nitric acid and dilute to

250 ml with 4 N nitric acid.

c. Nitric acid (16 N) - Concentrated, reagent.

f. Nitric ac'd (4 N) - Mix 250 ml of concentrated nitric

acid with 600 ml 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.

2. Apparatus

a. Alpha spectroscopy system

NOTE: 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.

3. Determination for Water

a. Perform steps a through c of the Pb-210 procedure for

water.

b. Plate the polonium from the supernate of step c accord-

ing to steps a through k of the Pb-210 plating procedure.

-
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4. Determination for Vegetation

a. Perform steps a through d of the Pb-210 procedure for

vegetation.

b. Plate the polonium fro:n the resulting supernate accard-

ing to steps a through k of the Pb-210 plating procedure.

5. Detennination 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.

6. Counting

a. Count in an alpha spectrometer for a minimum of 300

minutes.

7. Calculation (with Po-208 internal tracer)

Sample activity and counting error at the 95% confidence level.

(S - B ) 1.96 S/T3 + B/TBPo-210 (pCi/tmit) g +=

2.22 AVs0 2.22 RVsD

where:

S = Sample gross cpm in the Po-210 energy region

T3 = Sample count period in minutes

BS = Background cpm in the Po-210 energy region

T = Background count period in ainutes
B

V3 = Sample volume

-
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D = The decay of Po-210 from the date of collection to the

date of counting

-At/ Tis c-In?t/TyD=e

where

t = time and date of counting minus time and date of collec-

tion.

Tp = the half life of Po-210 = 138.4 days.
2

R = a factor which includes the detector ef'ficiency, chemical

yield and'all other variables of the chemical process.
C-BR= C

V FHp

where

C = Gross tracer cpm in th Po-208 energy region

BC = Background cpm in the Po-208 energy region

F = The standardized concentration of Po-208 in dpm/ml

the volume of Po-208 tracer used in mlV =
p

H = The decay of Po-208 from the time of standardization to

the time of sample counting.
.

-At/T -in2t/T,! =e 3H=e
.

where
.

t = the time and date of sample counting minus the time and

date of Po-208 standardization in c:iys.

T, = the half life of Po-208 = 1069.45 days.p
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Po-210 ANALYSIS WORK $liEETo

Laboratory Sample No.:

Sample Type:

Date and Time of Collection:

Sample aliquot (V ):
3

Po-208 internal tracer

Activity (F):

Date and Time of Standardization:

Amount used (V ):p

Counting Data

Instrument used:

P.cector used:

Po-210 Background cpm (8 ):
3

.

Po-208 Background cpm (B }
C

Background count period (T )
B

Po-210 Sample cpm (S):

Po-208 Sample cpm (C):

Sample count period (T ):
3

Sample counting date and time:
.

.

___
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Decay calculation:

-in2t/TPo-210 Decay = D = e 7

t = counting date - date of collection = days

T , = 138.4 daysi
2

Calculation:

Po-208 Decay = H = e-in2t/T;

t = counting date - standardization date = days

T,= 1069.45 days'g
2

Calculatinn:

Caluiation of sari.ple activity and counting error at the 95% confidence level.

(S - B) 1.96 S/T3 + B/TBPc-210 (pCi/ unit) = #

2.22RV D 2.22RV D
3 3

Calculation:

1
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Calculation of Lower Limit of Detection

Li.D (pCi/ unit) = 4.6r B3f gT

2.22 RV D
S

Calculation:

Result
I

Po-210 pCi/ pCi/ + pCi/--/ =

pCi/LLD pCi/ =

Analyst Date ,

,

4

ee

,
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6.1.'A.28.0~' DETERMINATION OF Pb-210 in ENVIRONMENTAL' SAMPLES _3

A' -PURPOSE- c .

' .To provide an analytical method for Pb-210 in environmental ~ samples,t

'

m

- B. : SCOP'-E

' The analytical procedure applies to the analysis' of all routine
^

.,

~ environmental samples. -

,,
g,l.

.

''
'C.~ RESPONSIBILITIES

Itbi_s the responsibility of the En'vironmental Chemist to ensure.

that this-procedure is followed by-the analyst and to evaluate the
~

" analytical results'.

E ~ 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.

D. . SAFETY

f ?f ) Safety glasses required. Rubber gloves, rubber apron, safety<

v
* . 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.

E. 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.

F. PROCEDURE

1. Reagents:

a. Ammonuim Acetate (6M) - Dissolve 4629 of ammonuim ace-

tate in 500ml of deionized water and dilute to one liter.

b. Citric Acid (40% W/V) - Dissolve 409 of reagent grade

citric acid in dionized water and dilute to 100ml.

c. Hydrochloric Acid (12N) - concentrated. reagent,

d. Hydrofluoric Acid (48%) - concentrated. reagent.

e. Hydroxylamine riydrochloride (50% W/V) - Dissolve 50g of

reagent grade ydroxylamine hydrochloride in deionized

water and dilute to 100ml . Prepare only enough for one

days usage.
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f. Lead carrier (50mg/ml) - Dissolve 20g of reagent grade

lead nitrate in 100 ml of 4U nitric acid and dilute to

250ml with 4N nitric acid,

g. flitric Acid (16N) - concentrated, reagent.

h. Nitric Acid (8!i) - Mix 250ml of concentrated nitric acid

with 200ml of deionized water and dilute to 500ml .

i. Nitric Acid (4N) - Mix 250ml of concentrated nitric acid

with 600ml of deionized water and dilute to 1 liter.

J. Nitric Acid (3N) - Mix 190ml of concentrated nitric acid

with 700n1 of deionized water and dilute to 1 liter,

k. Po-208 Tracer - Standard dilution in 4N hydrochloric acid.

1. Potassium Nitrate (0.0lM) - Dissolve lg of reagent grade

potassium nitrate in 500ml of deionized water and dilute

to 1 liter,

m. Pctassium Pyrosulfate - Crystals, reagent.

n. Sodium Carbonate (3H) - Dissolve 1599 of anhydrous Na2

in 500ml of deionized water and dilute to 1 liter,
C03

o. Sulfuric Acid (36N) - concentrate'd, reagent,

p. Sulfuric Acid (dilute) - Dilute 35ml of concentrated sul-

furic acid in 500ml of deionized water and dilute to 1 liter.
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2. Apparatus

a. Alpha Spectroscopy System.

b. Nickel Electrode - 7/8" diameter commerical pure nickel

disc.

3. Determination for Water

- a. To one liter of sample, add 50ml of concentrated HNO3 and

3ml of 50mg/ml lead carrier solution. If Po-210 is to be

determined, add 131 of Po-208 tracer.

b. Add 35ml of concentrated sulfuric acid; heat to 70 C while

stirring; remove from the stirrer and cool overnight.

c. Decant supernate into a clean one liter beaker. If Po-210

analysis is requested, proceed to step 2 of the Po-210

procedure,

d. Transfer the sulfate precipitate to a 50ml centrifuge tube

with dilute sulfuric acid. Centrifuge, decant, and dis-
.

card the supernate.

e. Wash the precipitate with 30ml of dilute sulfuric acid

and repeat. Discard the washings.

f. Add 20ml of 6N Ammonium acetate and heat with stirring

until the precipitate dissolves,

g. Slowly add 20ml of 3N sodium carbonate and heat with

stirring for 15 minutes. Centrifuge, decant, and dis-

.
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card the supernate.

h. Wash the precipitate twice with 10ml of deionized water.

Discard the washings.

i. Add 10ml of 3N nitric acid and stir until the precipitate

dissolves.

j. Add 30ml of hot 3N sodium carbonate; heat with stirring

for 15 minutes. Centrifuge, decant, and discard the

supernate,

k. Add 5 ml of 3N nitric acid; stir until precipitate dis-

solves. Transfer the solution to a plastic deposition

cell with 3N nitric acid and dilute to about 30ml with

3N nitric acid.

1. Cap the cell; label and store it for a minimum of 30

days.

m. After the above ingrowth period, plate the solution

according to the plating of Polonium Section of this

procedure.

n. After plating the solution, transfer it to a 50ml

volumetric flask and dilute to volume with deionized

water.

o. Analyze this solution using the Inductively Coupled

Plasma System and determine the lead concentration,

i
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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 ml of 50 mg/ml

lead carrier. If Po-210 is to be determined, add lml

'

of Po-208 tracer.

b. Digest the sample until the greenish-brown fumes of f;02

are no longer emitted. Continue heating for at least 10

minutes adding concentrated nitric acid as needed to main-

tain volume.

flote: 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 500ml. 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-210 determination for water.
.

5. Determination for Soil and Sediment.

. a. To 29 of sample in a teflon beaker, add 3ml of 50mg/ml of

lead carrier. If Po-210 is to be determined add 1m1 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 5ml.

flote: Heat gently and never boil the sample during

digestion,

c. Repeat step b twice.
.

d. Add 10ml of 4ti nitric acid and reduce the volume to

about Sml.

e. Repeat step d once.

f. While the sample is still warm, dilute with deionized

water to 500ml with stirring. Filter through a Whatman F2

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 of nitric acid. Evaporate to dryness under a heat

lamp.

c. Add Sml of hydrofluoric acid and evaporate to dryness under

a heat lamp.
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d. Fuse with 19 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
i

step a of the determination for water.

7. Determination for Glass Fiber Filter.

a. Place the sample in a teflon beaker and add de-ionized

water to cover.

b. Add Iml of sulfuric acid and 15ml of hydrofluoric acid.

Heat until white fumes of hydrofluoric acid appear.

c. Add 10ml of 8N nitric acid and evaporate to near dryness

d. Repeat step c 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 Ig of potassium pyrosulfate.

g. Dissolve the resultin; salt with 8N nitric acid. Trans-

fer the sample to a 50ml centrifuge tt.be, centrifuge and

discard any residue.

h. Dilute the supernate to 1 liter with deionizcd water.
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i. Using an appropriate aliquot of this solution, proceed

to step d of the determination for water.

8. Plating of Polonuim

a. liount 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 m.irror finish,

c. Rinse the electrode with deionized water and wipe with a

liu free tissue.

d. Prime the nickel disc by immersion in 0.5N hydrochloric

acid for five minutes,

c. 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

orvortexing).

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.

L
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1. Save the solution to determine the lead recovery (steps

n and o of the determination for water.)

9. Calculations - The analysis and calculation utilize the in-

growth of Po 210 to determine the original concentration of

Pb210.

(S-8 ) 1.96 S/T +B/TPb210 (pCi/ unit) = 3 , s g

2.22 RV M 2.22 W DMP
3 3

where

S = Sample gross cpm in the Po210 energy region.

T = Sample count period in minutcs. .

3

Bj= Background cpm in the Po210 energy region.

T = Background count period in minutes.
B

V = Sample volume.
3

D =The decay of Po210 from the date and time of plating

to the date and time of counting.-

-ln2t/T-At/T _

e gD=e
where t= time and date of counting minus time and date

of plating

T = half-life of Po210 = 138.4 days.g

R = A factor which includes the chemical yield of Po210

and the detector efficiency.

C-BR= C

V Filp
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where C = Gross tracer cpm in the Po208 energy region

B .= Background cpm in the Po208 energy region
C

F = The standardized concentration of Po208 in

dpm/ml

Vp = The volume, in m1, of Po208 tracer used.

H = The decay of Po208 from the time of standard-

ization to the time of sample counting.

H=c - iib - In 2t/Tg=e

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.p

M = The lead recovery determined by the ICP analysis for lead.

P = The ingrowth of Po210 from Pb210

- At/TP=1-e y

there t = the time and date of sample plating minus the time

ar.d date of beginning of ingrowth.

T = the half-life of Po210 = 138.4 days.p

- . . .
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Pb210 Analysis Worksheet.

Laboratory Sample flumber:

Sample Type:

Date and time of collection:

Sample aliquot (V ):
3

Po208 internal tracer
i

Activity (F):

Date and tirre of Standardization:

Amount used (Vp):

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 ):3

Po208 Background cpm (B )
C

t
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Background count Period (T ):
B

Po210 Sampie cpm (S):

Po208 Sample cpm ( C):

Sample count period (T ):3

Lead Analysis: mg/ liter

Decay and Ingrowth Calculations:

Po210 Decay = D = e - in 2 t/T g

t = counting date - plating date.

T , = half-life of Po210 = 138.4 days.p

Calculation:
.

Po208 Decay = H = e - in 2 t/Tg

t = counting date - standardization date.
.

T = the half-life of Po208 = 1069.45 days.g

Calculation:
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At/T .Po210 Ingrowth = P = 1 - e y

t = time of plating - time of beginning of ingrowth

T, = the half-life of Po210 = 138.4 days.p

Calculation:

Recovery calcul:tions
~

Po208 Recovery = R = C

V Filp

Calculation:

Lead Recovery = mg/l Pb x 0.05 1 lead added in mg.

calculation:
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Calculation of Sample Activity and counting error at the 95% confidence

level.
S-B 1.96 /S/T3 + B /TBPb210 (pCi/ unit) = 3 + 3

2.22 RV DMP 2.22 RV DMP3 3
Calculation:

Calculation of Lower Limit of Detection

LLD = 4.66 >F3f BB T

2.22 R SDitPy

calculation:

Result:
.

pCi/
,

pCi/Pb210 pCi/ +=

pCi/LLD pCi =

Analyst Date
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6.1.A.29.0 RADI0 CHEMICAL DETERMINATION OF THORIUM IN ENVIRONMENTAL SAMPLES

.

A. . PURPOSE.

To provide an analytical metho'd for 'the isotopic analysis of alpha

emitting thorium in environmental samples.

'

. B. SCOPE

. .This analytical' procedure applies to the analysis of all routine

environmental samples.
,3-

..Y
, 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 from the manual has been

followed without deviation.

D. RECORD KEEPING, , . .

U All required information shall be entered in the analyst's labora-

tory notebook and on the Thorium analysis worksheet wh!ch shall be

.
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attached to the sample analysis request form when domplete. /

7

E. SAFETY

Safety glasses required. Rubber gloves to be warn when' handling ~any

reagents. Reage'nts containing xylene to be used in an operating

fume hood. Hydrofluoric acio end hydrogen peroxide to be used only

when wearing rubber gloves, rubber apron, safety glasses, and full

face shield.

E. QUALITY CONTROL

One duplicate analysis, one spike analysis, and one blank to be run

with every ten samples in a sample run. If there are fer:cr than

ten sampies in a run, one duplicate and one spike are to br. run.

A recovery spike shall be run with each sample.

G. PROCEDURE

1. Reagents

a. Ammonium hydroxide - concentrated, reagent.

b. Ammonium hydroxide (50%) - 50 ml of concentrated NH 0H di-
4

luted to 100 ml with deionized water in a graduated vlinder.

Store in a polyethylene wash bottle.

c. Ascorbic Acid Solution - Approximately 0.5 g of ascorbic

acid to 20 ml of deionized water. Make_immediately prior

to use and discard immediately after use.
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d. Aluminum nitrate - crystals, reagent

e. Hydrochloric acid - concentrated, reacent

F. Hydrochloric acid (6N) - Add 250 ml of concentrated hydro- E

chloric acid to 100 ml of deionized water and dilute to
,

500 nl.

g. Hydrofluoric adid 48% - reagent

h. Hydrogen Peroxide 3T- - reagent

i. Iron Carrier (10 mg/ml) - Dissolve 48.27 9 of FeCl '6H 1 I"
3 2

200 ml of deionized water and dilute to 1 liter. Store in a

glass . '

j. Iron Carrier (1 mg/ul) - Dissolve 1.27 g of FeC1 '6H 0 in
3 2

200 ml of deionized water and dilute to 250 hel. Store in a
1

glass bottle.

k. _anthanum Carrie* (10 mg/ml) - Dissolve 15.60 g of La(NO )3
'

3

6H 0 in 400 ml of deionized water and dilute to 500 ml.
2

Store in a glass bottle.

1. Nitric Acid - concentrated, reagent.

m. Potassium Pyrosulfate - crystals, reaqent.-

n. Thenoyltrifluoroacetone (TTA) - Dissolve 25 g of TTA in

- 200 ml of xylene and dilute to 250 ml with xylene. Store

in a glass bottle.

O.
o. Thymol blue indicator (0.1") - Dissolve 0.100 g of indicator

in 50 ml of ethyl alcohol and dilute to 100 ml with ethanol.

Store in a glass bottle.

.
.

.

. ._-. _ _ . - -
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p. Wash Solution - Add 6'ml of concentrated nitric acid and

3 ml of concentrated hydroflu6ric acid to 50 ml of deionized

water. Dilute to 100 ml. Store in a polyethylene wash bot-

ti e.

q. Xylene - reagent.

r. Sulfuric acid - concentrated, reagent.

2. Determination for Hater

a. For each sample, transfer two one-liter aliquots to one liter

beakers. To each beaker add 20 ml of concentrated nitric

acid,10 'm~g/ml iron carrier solution and 3 ml of

10 mg/mi lanthanum carrief solution. To one of the beakers

add 1 ml of Th-230 tracer solution. Mark this beakea as the

recovery spike. Evaporate the samples to approximately 100

ml on a hotplate.

b. Add 10 ml of concentrated nitric acid and 100 ml of water.

Cover and heat until the residue has dissolved.

c. Transfer sample to a 250 ml beaker and while swirling,

add concentrated ammonium hydroxide, from a burette, to

incipient precipitation of the iron (permanent amber color).

Increase the volumt to about 190 ml by adding deionized

w?ter. Transfer the sample equally to two 100 ml centri-

O fuse tubes. To eech tube edd 8 mi of conce.. <ed ammonium

hydroxide while mixing. Allow to stand for one hour and

centrifuge at about 1800 rpm. Decant and discard the super-

natant liquid. )
|
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d. 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.

e. Pour the diluted acid from the one liter beaker into the

250 ml 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.

f. -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.

g. Slurry the precipitate and add water to 100 ml. Centrifuge

at about 1800 rpm, decant and discard the wash,

h. 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.

i. Transfer the solution and any precipitate of silica from

the two centrifuge tubes to a single 50 ml polycarbonate

centrifuge tube with deionized water and dilute to about

30 ml.

j. Add 5 al 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 ml 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 ml of deionized we.ter

and add the washings to the beaker.
,

To the beaker add 0.3-0.4 g of Al(NO )3' H O and heat w Mm.
3 2

stirring until the precipitate dissolves.

n. Slowly add concentrated ammonium hydroxide until no further

precipitation occurs. Centrifuge and decant the supernatant

and discard.

o. Add 5 ml of concentrated nitric acid to the precipitate and

stir until dissolved.
.

L



Section Name Environmental / Radiation

Policy / Procedure 6.1.A.29.0

Page 7 of 13

Date Issued April 1, 1981

Supersedes ,. Neyi ,/,

APPROVED [ //,.

6
-

//

p. Add one ml of ascorbic acid solution, add one drop of thymol

blue indicator solution. Adjust the pH visually to the
,

range pH 2.0 - pH 4.0 (golden color) with 50% ammonium

hydroxide and 2N nitric acid.

q. Transfer the sample to a 125 m1 separatory funnel with a

wash solution adjusted to pH 1.5 (adjust 0.1N nitric acid

to pH 1.5 with ammonium hydroxide using a pH meter). Use

enough wash solution to end up with a total volume of 15 -

20 ml.

r. Add 20 ml of 10% TTA in xylene and shake vigorously for 35

minutes. Discard the aqueous layer.

s. Add 5 ml of 0.2N nitric acid and stir for 5 minutes. Dis-

card the aqueous layer. Repeat.

t. Transfer the TTA layer to a 50 ml beaker. Rinse the separa-

tory funnel with 3 ml of xylene and add to the beaker.

u. Allow the TTA/ xylene to evaporate to dryness.

v. Place the sample in a muffle furnace at 550 C for 15-20

minutes. Allow to cool and remove from furnace.
,

_
w. Prepare an electroplating cell.'

x. Add 10 ml 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 electroplating

cell and electroplate for 2 hours at 15-25 volts and 210

milliamps.

aa. When electroplating is complete add one drop of phenol-

phthalein indicator to the cell and add 50% ammonium hydrox-

ide until the solution turns red. Turn off the current,

remove the cell 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 calculation sNtion of the pro-

cedure manual.

3. Determination for Soil, Sediment, and Vegetation

a. Weigh out 1 g of dried and ashed sample for each sample and

1 g for each recovery spike.

Caution: particularly with vegetation, only small amounts'

of ashed sample may be available. flake

:
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sure that sufficient sample remains to perform

all required analyses. This may make necessary

the use of aliquots smaller than 1 9

b. 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 ml portions of concentrated hydrochloric

acid.
Uc. Dry in an oven at 100 C for 2 hours le dehydrate silica,

d. Add 2 ml concentrated hydrochloric acid and 20 ml of water

and heat while covered for 30 minutes. Decant the liquid

into a 50 ml centrifuge tube. Centrifuge at 2000 rpm for

5-10 minutes. D(cant supernatant liquid into a 250 ml Sot-

tle and transfer the residue to the Teflon beaker.

e. Add 15 ml 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..

f. Add 2 ml of concentrated hydrochloric acid and 20 ml of
.

'

water. Cover and heat for 30 minutes and then transfer to

the same 50 ml centrifuge tube used in step d. Centrifuge
i

and decant supernatant liquid into tie bottle antaining

the first dissolved portion. Transfer the remaining residt.e.

Dry under a heat lamp.

- ..
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g. 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 ml of water, and heat until resi-

due has dissolved. Combine with the other dissolved portions.

h. Add one ml of 10 pg/ml iron carrier per gram of sample.

If less than 1 gram of sample was used, add an additional

1 ml of iron carrier for each 100 mg of weight below one
^

gram. Proceed with the hyroxide separation of thorium at

step c 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' ion of

air filters.

b. Proceed with step a of the determintation for soils and

sediments.

F. CALCULATION

The calculation of Th-230 or other aloha emitting thorium concen-

tration is made using the following expression:

Ib ~ 0)
Th(pCi/ unit) = _2.22(E)(Y)(V )

s

s
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where
sample counts

S = Sample counts per minute =
Time

Background counts
B = Background counts per minute =

Time

E = Detector Efficiency
spike cpm - sample cpm

Y = Chemical Yield = (spike dpm)(E)

V = Sample _ size in liters, grams, etc.
s

_

e-

.

/ \
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IS0 TOPIC 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 alpha
'

spectrometer procedure manual for details on determining.
.

9

~

Calulation of chemical yield

y , spike cpm - sample cpm
=

(dpm spike added)(E)'

Calculati.on of result and counting error are at the 95% confidence level.
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(S - 8) 1.96 /S/Ts + B/Tg_Th(pCi/ Unit)= .
-

2.22 EY V
,

2.22 EY Vs 3

Calculation:

.

:

.

-At/T! normally found in this equationNote: The expression e

is ignored due to the long half lives of the Thorium

isotopes.

Calculation of Lower Limit of Detection (LLD):
4.66 / B/TLLD (pCi/ Unit) B=

2.22 EY V
s

Calculatior.:

<

Result:

pCi/ 1 pCi/Isotope: =

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

7;.s .well water and surface water samples. <

Lf
.

'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
Na

Safety glasses required. Mercuric nitrate is poisonous, use only

when wearing rubber gloves.

A
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E. APPAPATUS

Standard laboratory titrimetric equipment including a 1 ml or 5 ml

microburet with 0.01 ml graduations.

F. REAGENTS
,

,

1. Standard sodium chloride, 0.025 N: Dissolve 1.4613 1 0.0002 g

(dried at 600 C for 1 hour) in chloride free water in a 1 liter
- volumetric flask and dilute to the mark.

2. Hitric acid, HNO solution (3 + 997).
3

O 3. Sodium nydroxide solution, ne0H, (10 9/l).

4. Hydrogen peroxide (30%), H 0 *22

5. Hydroquinone solution (10 g/ liter): Dissolve 1 g of purified

hydroquinone in water in a 100 mi volumetric and dilute to the

mark.

6. Mercuric nitrate titrant (0.141 N): Dissolve 25 g Hg(h3 )'N 0
3 2

a

in 900 ml of distilled water acidified with 5.0 ml conc. HNO
3

in a 1 liter volumetric flask and dilute to the mark with dis-

tilled water. Filter if necessary. Standardize against stand-

ard sodium chloride solution ( F.1) usinq procedure 6. Adjust

to exactly 0.141 N and check. Store in a dark bottle. A 1.00

ml aliquot is equivalent to 5.00 mg of chloride.

O

)
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7. Mercuric nitrate titrant (0.025 N): Dissolve 4.2830 g

Hg(NO )2'N 0 in 50 ml of distillea water acidified with 0.5 ml3 2

conc. HNO3 (sp. gr.1.42) in a l liter volumetric flask andg

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.

8. Mercuric nitrate titrant (p.0141 N): Dissolve 2.4200 g Hg

(NO I H 0 in 25 ml of distilled water acidified with 0.25 ml32 2

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.

9. 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 " cer

6 months.

,
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10. Alphazurine indicator solution: Dissolve 0.005 g of alphazurine

blue-green dye in 95% ethanol or isopropanol in a 100 ml

volumetric and dilute to the mark with 95% ethanol or isopropanol.

G. DETERMINATION-

1. -Place 50 ml of sample in a vessel for titration. If the con-

centration is greater than 20 mg/l chloride, use 0.141 N mercuric

nitrate titrant ( F.6) in step 6 or dilute. If the concentration

is less than 2.5 mg/l of chloride, use 0.0141 N mercuric nitrate
i r
'

titrant (8) in step 6, a 1 ml 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/l of chloride,

concentrate an appropriate volume to 50 ml.

2. Add 5 to 10 drops of mixed indicator reagent (9), shake or swirl

solution.

3. If a blue-violet or red color appears, add HNO solution (2) drop-
3

wise until the color changes to yellow.

4. If a yellow or orange color forms immediately on addition of the

mixed indicator, add Na0H solution (3) dropwise until the color

changes to blue-violet; than add HNO solution (2) dropwise until
3

the color changes to yellow.
-
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5. Add 1 ml excess HNO solution (2).3

6. Titrate with 0.025 fl 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.

7. Additional steps to eliminate particular interferences:

a. If chromate is present at <100 mg/l 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.

b. If chromate is present at >100 mg/l and iron is not present,

add 2 ml of fresh hydroquinone solution (5),

c. 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 ml fresh hydroquinone solution (5).

d. If sulfite ion is present, add 0.5 ml of H 0 solution (4)22

to 50 m1 sample and mix for 1 minute.

.
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H. CALCULATION-

mg chloride /l = (A - B)N X 35,450mi of sample

where:

A - ml titrant for sample
-

B = ml titrant for blank

N = normality mercuric nitrate titrant
.

mg NaC1/1 = mg chloride /l X 1.65

,.
,

,'

.

e

t

'

_ ,

. __
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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.

;q
;if 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 byp-
( , ,/ - .

the use of cyanide, the procedure will be performed only by
.

.
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the Environmental Chemist. The cyanide first aid kit shall be

immediately available and at least one individual not present

in the laboratory shall be notified prior to performance of the

analysis. All portions of the analysis except the spectro-

photometric reading shall be performed inside a properly operat-

ing fume hood.

E. QUALITY C0tlTROL

Q One spike sample, one duplicate, and one blank shall be analyzed

with each ten samples in an analysis run. If fewer than ten sam-

ples are to be analyzed in a run, then one spike sample, one
,

duplicate and one blank shall be analyzed.

F. ' INTERFERENCES

1. Interferences are eliminated or reduced by using t',e dis-

tillation procedure described in Procedure I.1 through I.5.

2. Sulfides adversely affect the colorimetric and titration

procedures. If a drop of the distillate on lead acetate

test paper indicates the presence of sulfides, treat 25 ml

more of the sample than that required for the cyanide deter-

mination with powdered cadmium carbonate. Yellow cadmium (

sulfide precipitates if the sample contains sulfide. Repeat

this operation until a drop of the treated sample solution

. .- ,~
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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 long 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.

3. 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 6.0

to 7.0.

Caution: This operation must be performed in the nood

and the sample left there until it can be 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 20% 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

t
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the extraction is completed, immediately raise the pH

of the sample to above 12 with NaOH solution.

G. APPARATUS

1. Reflux distillation apparatus su::h as shown in Figure 1 or

Figure 2. The boiling' flask should be of 1 liter size with

inlet tube and provision for condenser. The gas absorber

may be a Fisher-Milligan scrubber. =

2. Microburet, 5.0 ml (for titration).
O

3. Spectrophotometer suitable for measurements at 578 nm or 620

nm with a 1.0 cm cell or larger.

H. REAGENTS

1. Sodium hydroxide solution 1.25N: Dissolve 50 g of Na0H in

distilled water, and dilute to 1 liter with distilled water.

2. Cadmium carbonate: powdered.
.

3. Ascorbic acid: crystals

4. Dilute sodium hydroxide solution, 0.25N: Dilute 200 ml of
.

sodium hydroxide solution to 1000 ml with distilled water.
.

5. Sulfuric acid: concentrated..

6. Sodium dihydrogenphosphate, 1 M: Dissove 148 g of NaH PO,
2

] H O in 1 liter of distilled water. Refrigerate this solution.
2

7. Stock cyanide solution: Dissolve 2.5 g of KCN and 2 g K0H

,
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in 1 liter of of distilled water. Standardize with 0.0192

N AgNO . Dilute to appropriate concentration so that 1 ml =
3

1 mg CN.

8. Standard cyanide solution, intermediate: Dilute 50.0 ml of

stock (1 ml-= 1 mg CN) to 1000 ml with distilled water (1 ml =

50.0ng).

9. Standard cyanide solution: Prepare fresh daily by diluting

100.0 ml of intermediate cyanide solution to 1000 ml with

L distilled water and store in a glass stoppered bottle.1

ml = 5.0pg CN (5.0 mg/l).

10. Standard silver nitrate solution, 0.0192 N: Prepare by

crushing approximately 5 g AgNO crystals and drying to
3

constant weight at 40 C. Weigh out 3.2647 g of dried AgN0 '
3

dissolve in distilled water, and dilute to 1000 ml (1 ml =

1 mg CN).

11. Rhodanine indicator: Dissolve 20 mg of p-dimethyl-amino--

benzalrhodanine in 100 ml of acetone.

12. 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.

13. Color Reagent - One of the following may be used:

a. Pyridine-Barbituric Acid Reagent: Place 15 g of barbi-

turic acid in a 250 ml 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 ml 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 pyFidine.

3. Pour solution (H.13.b.1) through non-acid-washed

filter paper. Collect the filtrate. 1Through 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 MgC1 *6H 0 in-
2 2

to a 100 ml flask, dissolve and dilute to 1 liter with dis-

tilled water.

I. DETERMINATION

1. Place 500 ml 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 adeouate 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 boiling flask by

adjusting the vacuum source. Adjust the vacuum so tiiat

apprcc'.imately one bubble of air per second enters the boil-

ing flask througi- 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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3. Slowly add 25 ml conc. sulfuric acid (H.5) through the a'r

inlet tube. Rinse the tube with distilled water and allow

the airflow to mix the flask contents for 3 min. Pour 20

ml of magnesium chloride (H.4) into the air inlet and wash

down with a stream of water.

4. Heat the solution to boiling, taking care to prevent the

solution from backing up into and overflowing from the air

inlet tube. Reflux for one hour. Turn off heat and con-

tinue the airflow for at least 15 minutes. After cooling

the boiling flask, disconnect absorber and close off the

vacuum source.

5. Drain the solution from the absorber into a 250 ml volu-

metric flask and bring up to volume with distilled water

washings from the absorber tube.

6. Withdraw 50 ml or less of the solution from the flask and

transfer to a 100 ml volumetric flask. If less than 50
.

ml is taken, dilute to 50 ml with 0.25 n sodium hydroxide

solution (H.4). Add 15.0 ml of Sodium phosphate solution
,

(H.6) and mix.
.

a. Pyridine-Barbituric Acid Method: Add 2 ml of chloramine
.

T (H.12) and mix. After 1 to 2 minutes, add 5 ml of

O pyridine-bartituric acid solution (H.13.a) and mix.

1
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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 nix again. After 40

minutes read absorbance at 620 nm in a.1 cm cell.

NOTE: More than 0.5 ml of Chloramine T will prevent the

color from developing with pyridine-pyrazolone.

7. Prepare a series of standards by pipeting suitable volumes
,

of standard solution into 250 ml 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. mgCN
(1.0 = 5 ug CN) per 250 ml

0 BLANK

1.0 5

2.0 10

5.0 25

10.0 50

o' 15.0 60

20.0 100
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a. It is not imperative that all standards be distilled in

the same manner as the samples. It is recommended that

at least two standards (a high and low) be distilled and

compared to similar values on the curve to insure that

the distillation 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.

(' b. Prepare a standard curve by plotting abso'rbance'of'stan-

dard vs. cyanide concentrations,

c. To check the efficiency of the sample distillation add
-

an increment of cyanide from either the intermediate

standard (H.8) or the working standard (H.9) to insure

a level of 200 ug/l or a significani. iperease in absor-

bance value. Proceed with the analysis as in Procedure

(I.8.1) using the same flask and system from which the.

previous sample was distilled.

8. Alternatively, if the sample contains more than 1 mg of CN
,

transfer the distillate, or a suitable aliquot diluted to

250 ml, to a 500 ml Erlenmeyer flask. Add 10-12 drops of

, the benzalrhodanine indicator.
/)
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9. Titrate with standard silver nitrate to the first change in

color from yellow to brownish-pink. Titrate a distilled

water bitink using the same amount of sodium hydroxide and

indicator as in the sample.

10. 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 mi micro-

buret may be conveniently used to obtain a more precise
<

J titration.

J. ' CALCULATION

If the colorimetric procedure is used, . calculate the cyanide, in

ug/1, in the original sample as follows:

CN, ug/l = A x 1,000 x 5f[
B C

where:

A = ug Cil read from standard curve

B = ml of original sample for distillation
,

C = m1 taken for coiarimetric analysis

.

e

.,
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Using the titrimetric procedure, calculate concentrations of CN

as follows:

CN, mg/l = (A - B)1,000 x 250

ml orig. sample ml of aliquot titrated

where:

A = volume of AgNO for titration of sample.
3

-_

B = volume of AgNO for titration of blank.
3

.-

\ y
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6.1.A.32.0 POTENTI0 METRIC DETERMINATION OF FLUORIDE IN WATER

A. PURPOSE

To provide an analytical method for fluoride 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

p Safety glasses required.
v

. _ _ . - . _ - . . __ . . _ - _ , , - _ _ _ , . . _ . _ . _ _ _ _ . - -,
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E. QUALITY CONTROL

One spike sample, one duplicate, and one ble.1k shall be ana'yzed

with each ten samples in an analysis run. If fewer than ten sam-

ples are to be analyzed in a run, then one spike sample, one dupli-

cate and one blank shall be analyzed.

F. INTERFERENCES

Extremes of pH interfere; sample pH should be between 5 and 9. Poly-

valent cations of Si+4, Fe+3, and Al+3 interfere by forming complexes_,

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.

G. APPARATUS.

1. Electrometer (pH meter), with expanded mv acale, or a selective

ion meter.-

2. Fluoride Ion Activity Electrode, such as Orion No. 94-09 or
'

equivalent.-

3. Refecence 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: To approximately 500 ml of dis-

tilled water in a 1 liter beaker add 57 ml of glacial acetic

acid, 58 g of sodium chloride and 2 a -# CDTA. Stir to dis-

solve and cool to room tempenture. Adjust pH of solution to

between 5.0 and 5.5 with 5 N sodium hydroxide (about 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 cherical-resistant

glass or polyethylene.

3. Sodium fluoridt, standard solution: 1.0 ml = 0.01 mg F. Di-

lute 100.0 ml of sodium fluoride stock solution (H.2) to 1000

ml with distilled water.

4. Sodium hydroxide, SN: 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/l oy diluting |

appropriate volume to 50.0 ml. Th? following series may be

used.
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Millimeter of Standard Concentration when Diluted
(1.0 ml = 0.01 mg/F) to 50 ml. mg F/ liter

0.00 0.00

1.00 0.20

2.00 0.40

3.00 0.60

4.00 0.80
'

5.00 1.00

6.00 1.20
|

' - 8.00 1.60

10.00 2.00

2. Calibration of Electrometer: Proceed as described in (I.1).

Using semilogarithmic graoh 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.

J. DETERMINATI0J

Place 50.0 ml sample or standard solution and 50.0 ml of buffer

(See Note) in a 150 ml beaker. Place on a magneti c 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 fluoride 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/l 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 hcl to adjust pH to 8.3.

.

.

.

e

f

,
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6.1.A.33.0 COLORIMETRIC DETERMINATION 0F FLUORIDE IN WATER

A. PURPOSE

To provide an analytical method for fluoride 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.
,

.
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E. QUALITY CONTROL

One spike sc.11ple, one duplicate, and one blank shall be analyzed

with each ten saraples in on analysis run. If fewer than ten sam-

ples are to be analyzed in a run, then one spike sample. one dupli-

cate and one blank shall be analyzed.

F. A_PP_ARATUS

1. Distillation apparatus: A 1-liter round-bottom, long-necked

pyrex boiling flask, connecting tube, efficient condenser, ther-

mometer adapter and thermometer reading to 200 C. All connec-

tions should be ground glass. Any apparatus equivalent to

that shown in Figtre 1 is acceptable.

2. Colorimeter: Spectrophotometer for use at 570 nm providing

a light path of at least 1 cm.

G. REAGENTS

1. Sulfuric acid, H SO , conc.
2 4

2. Silver sulfate, Ag 50 crystals.2 4

3. Stock fluoride solution: Dissolve 0.221 g anhydrous sodium

fluoride, NaF, in distilled water in a 1-liter volumetric

flask and dilute to the mark with distilled water; 1.00 ml =

0 0.1 9 F.

,
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4. Standard fluoride solution: Place 100 m1 stock fluoride solution

(5.3) in a 1 liter volumetric flask and dilute to the mark with

distilled water; 1.00 ml = 0.010 mg F.

5. SPADNS solution: Dissolve 0.958 g SPADNS, sodium 2-(parasulfo-

phenylazo)-1.8-dihydroxy-3,6-naphtalene disulfonate, in dis-

tilled water in a 500 ml volumetric flask and dilute to the

mark. Stable indefinitely if protected from direct sunlight.

6. Zirconyl-acid reagent: Dissolve 0.133 g zi.rconyl chloride

octahydrate Zr0Cl '8H 0 in approximately 25 ml distilled wa.ter) 2 2
o

in a 500 ml volumetric flask. Add 350 ml conc hcl and dilute

to the mark with distilled water.

7. Acid-zirconyl-SPADNS reagent: Mix equal volume of SP69NS

solution (G.5) and zirconyl-acid reagent (G.6). The com-

bined reagent is stable for at least 2 years.

8. Reference solution: Add 10 ml SPADNS solution (G.5) to R

ml distilled water. Dilute 7 ml conc. hcl to 10 ml and add
'

to the dilute SPADNS solution. This solution is used for

zeroing the spectrophotometer or photometer. It is stable and

may be used indefinitely.

9. Sodium arsenite solution: Dissolve 5.0 g NaAs0 in distilled
2

water in a 1-liter volumetric flask and dilute to the mark

with distilled water (CAUTION- Toxic-avoid ingestion). ;
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H. DETERMIrlATION
.

1. Preliminary Distillation

a. Place 400 ml distilled water in the distilling flask,

b. Carefully add 200 ml conc. H SO and swirl until contents
2 4

are homogenous.

c. Add 25 to 35 glass beads, connect the apparatus (Figure 1)

making sure all joints are tight..

d. Heat slowly at first, then as rapidly as the efficiency

( of the condenser will permit (distillate must be cool)

until the temperature of the flask contents reaches exactly

180 C. Discard the distillate. This process rem ~ es fluo-

ride contamination and adjusts the acid-water ratio for

subsequent distillations.

e. Cool to 120 C or below.

f. Add 300 ml sample, mix thoroughly, distill as in step d
Uuntil temperature reaches 180 C. Do not heat above 180 C

to prevent sulfate carryover.

g. Add Ag2SO4 (G.2) at a rate of 5 mg/mg Cl when high chloride

samples are distilled.

h. Use the sulfuric acid solution in the flask repeatedly until

the contaminants from the samples accumulate to such an

extent that recovery is affected or interferences appear'

in the distillate. Check periodically by distilling stan-

dard fluoride samples.
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i. High fluoride samples may require that the still be flushed

by using distilled water and combining distillates.

2. Colorimetric Determination:

a. Prepare fluoride standards in the range 0 to 1.40 mg/l by

diluting appropriate quantities of standard fluoride

solution to 50 ml with distilled water.

b. Pipet 5.00 ml each of SPADNS solution (G.5) and zirconyl-

acid reagent (G 6) or 10.00 ml of the mixed acid-zircenyl-

SPADNS reagent (G.7) to each standard and mix well.

c. Set photometer to zero with reference solutiori (G.8) and

immediately obtain absorbance readings of standards.

d. Plot absorbance versus concentration. Prepare a new stan-

dard curve whenever fresh reagent is made,

e. If residual chloiine is present, pretreat saniole with I drop

of NaAs0 solution (G.9) per 0.1 mg residual chlorine and
2

mix. Sodium arsentte concentrations of 1300 mg/l produce.

..
an error of 0.1 mg/l at 1.0 mg/F.

t

f. Use a 50 m1 sample or a portion diluted to 50 ml. Adjust.

the temperature of the sample to that used for the standard.

- Curve.

g. Perform steps b and c.
,
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I. CALCULATIONS
.

Read the concentration in the 50 m1 sample using the standard curve.

Calculate as follows:
mgF x 1,000mg/l F =

m1 sample

When a sample (ml sample) is diluted to a volume (B) c.nd then

a portion (C) is analyzed use:

mg/lF mgF x 1,000 x B_
=

ml sample C
,

,

LY

.

,~._<

'%m.-

- - y
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6.1.A.34.0 DETERMINATION OF AMMONIA NITR0 GEN IN WATER

A. PURPOSE

To provide an analytical method for ammonia nitrogen in water samples.

B. SCOPE

This analytical procedure applies to the analysis of all routine

well water a'id surface water samples.
.

C. RESPONSIBILITES

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.

_ ----- _------ --- - - - - - - - - - - - - - - - - - - - - -
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E. QUALITY CONTROL .

One spike sample, one duplicate, and one blank shall be analyzed with

each ten samples in an analysis run. If fewer than ten samples are

to be analyzed in a run, then one spike sample, one duplicate and

one blank shall be analyzed.

F. INTERFERENCES

A number of aromatic and aliphatic amines, as well as other compounds

both organic and inorganic, will cause turbidity upon the addition"

of Nessler reagent, so direct nesslerization (i.e. without distil-
'

!ation) has been discarded as an official method.

Cyanate, which may be encountered in certain industrial effluents,

will hydrolyze to some extent even at the pH of 9.5 at which dis-

tillation is carried out. Volatile alkaline compounds such as,

certain ketones, aldehydes, and alcohols, may cause an off-color

upon nesslerization in the distillation methods. Some of these,

such as formaldehyde, may be eliminated by boiling off at a low
,

pH (approximately 2 to 3) prior to distillation and nesslerization.

Residual chlorine must also be removed by pretreatment of the sample

with sodium thiosulfate before distillation.
.
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G. APPARATt!S

1. An all-glass distilling apparatus with an 800-1000 ml flask.

2. Spectrophotometer or filter photometer for use at 425 nm and

providing a light path of I cm or more.

3. Nessler tubes: MatchedNesslertubes(ALPHAStandard)about

300 nm long,17 mm inside diameter,and marked at 225 mm + 1.5
_

nn inside measurement from bottom.

4. Erlenmeyer flask: The distillate is collected in 500 ml glass-
,

stoppered flasks. These flasks should be marked at the 350 and

the 500 mi volumes. With such marking, it is not necessary to

transfer the distillate to volumetric flasks.

H. REAGENTS

1. Distilled water should be free of ammonia. Such water is best

prepared by passage through an ion exchange column containing

a strongly acidic cation exchange resin mixed with a strongly

basic anion exchange resin. Regeneration of the column should

be carried out according to the manufacturer's instructions.'

NOTE 1: All solutions must be made with ammonia-free water.
'

'

2. Ammonium chloride, stock solutions: 1.0 ml = 1.0 mg NH -N.
3

() Dissolve 3.819 g NH Cl in distilled water and bring to volume
4

in a 1 liter volumetric flask.
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3. Ammonium chloride, standard solution: 1.0 ml = 0.01 mg. Dilute

10.0 ml of stock solution ( R2) to 1 liter in a volumetric flask.

4. Boricacidsolution(20g/1): Dissolve 20 g H B0 in distilled3 3

water and dilute to 1 liter.

5. Mixed indicator: Mix 2 volumes of 0.2% methyl red in 95% ethyl

alcohol with 1 volume of 0.2% methylene blue in 95% ethyl alco-
.

hol. This solution should be prepared fresh every 30 days.

NOTE 2: Specially denatured ethyl alcohol conforming to Formula
(, )

'' 3A or 30 of the U.S. Bureau of Internal Revenue may

be substituted for 95% alcohol.
'

6. Nessler reagent: Dissolve 100 g of mercuric iodide and 70 g

of potassium iodide in a small amount of water. Add this mix-

ture slowly, with stirring, to a cooled solution of 160 g of

NaOH in 500 ml of water. Dilute the mixture to 1 liter. If

this reagent is stored in Pyrex bottle out of direct sunlight,

it will remain stable for a period of up to 1 year.

NOTE 3: This reagent should give the characteristic color with

ammonia within 10 minutes after addition, and should
' not produce a precipitate with small amounts of ammonia

(0.04 mg in a 50 ml volume).
'

7. Borate buffer: Add 88 ml of 0.1 N Na0H solution to 500 ml of
-

0.025 " sodium tetraborate solution (5.0 g anhydrous Na B 0247

or 9.5 g Na B 0 *10H 0 per liter) and dilute to 1 liter.247 2
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8. Sulfuric acid, standard solution: (0.02 N, I ml = 0.28 mg NH -N)
3

Prepare a stock solution of approximately 0.1 N acid by dilution

3 ml of conc. H SO4 (sp. gr.1.84) to 1 liter with C0 -free2 2

distilled water. Dilute 200 ml of this solution to 1 liter

with CO -free distilled water.
2

NOTE 4: An alternate and perhaps preferable method is to stan-
'

dardize the approximately 0.1 N H SO solution against2 4

a 0.100 N Na C0 solution. By proper dilution the2 3
s-

0.02 N acid can then be orepared.

a. Standardize the aoproicimately 0.0211 acid against the 0.200 N.

Na C0 solution. This last solution is prepared by dis-2 3

solving 1.060 g anhydrous Na C0 , ven dried at 140 C and2 3
diluting to 1000 ml with C0 -free distil1M water.

2

9. Sodium hydroxide, 1 N: Dissolve 40 g Na0, in amnonia-free water

and dilute to 1 liter.

10. Dechlorinatinc eagents: A number of dechlorinating reagents

may be used to remove residual chlorine prior to distilation.

These include:

a. Sodium thiosulfate (1/70 N): Dissolve 3.5 g Na S 0 *5H 0223 2

in distilled water and dilute to 1 liter. One ml of this

solution will remove 1 mg/l of residual chlorine in 500a

ml of sample.
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b. Soduim arsenite (1/70 N): Dissolve 1.0 g NaAs0 in distilled

2

water and dilute to 1 liter.
|

I. DETERMINATION

1. Preparation of equipment: Add 500 ml of distilled water to an

800 ml Kjeldahl flask. The addition of boiling chios which have

been previously treated with dilute f aOH will prevent bumoing.

Steam out the distillation apparatus until the distillate shows
'~' no trace of ammonia with Nessler reagent.

2. Sample preparation: Remove the residual chlorine in the sample

by adding dochlorinating agent equivalent to the chlorine-

residual. To 400 ml of sample add 1 N NaOH (H.9), until the pH

is 9.5, checking the pH during addition with a pH meter or by

use of a short range OH paper.

3. Distillation: Transfer the sample, the pH of which has been

adjusted to 9.5, to an 800 ml Kjeldahl flask and add 25 ml of

the borate buffer (H.7). Distill 300 ml at the rate of 6-10
'

ml/ min. into 50 ml of 2% boric acid (H.4) contained in a 500
'

ml Erlenmeyer flask.
.

~

NOTE 5: The condenser tip or an extension of the condenser tip

must extend below the level of the boric acid solution.
-_

- 0
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Dilute the distillate to 500 ml with distilled water and nessle-

rize an aliquot to obtain an approximate value of the ammonia-

nitrogen concentration. For concentrations above 1 mg/l t

ammonia should be determined titrimetrically. For concentrations

below this value it is determined colorimetrically. The elec-

trode method may also be used.

4. Determination of ammonia in distillate: Determine the ammonia

content of the distillate titrimetrically, colorimetrically or
.

potentiometrically as described below,

a. Titrimetric determination: Add 3 drops of the mixed indi-

cator to the distillate and titrate the ammonia with the

0.02 N H SO , matching the end point against a blank contain-2 4

ing the same volume of distilled water and H B0 solution,
3 3

b. Colormetric determination: Prepare a series of Nessler

tube standards as follows:

ml of Standard
1.0 ml = 0.01 mg NH -N mg NH -N/50.0 ml

3 3

0.0 0.0
0.5 0.005
1.0 0.01
2.0 0.02
3.0 0.03
4.0 0.04
5.0 0.05
8.0 0.08

'

10.0 0.10

.
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Dilute each tube :o 50 ml with distilled water, add 2.0 ml of

Hessler reagent (H.6) and mix. After 20 minutes read the absor-

bance at 425 nm against ti, olank. From the values obtained

plot absorbance vs mg NH -N for the standard curve. Determine
3

the ammonia in the distillate by nesslerizing 50 ml or an ali-

quot diluted to 50 ml and reading the absorbance at 425 nm as

described above for the standards. Ammonia-nitrogen content

is read from the standard curve.
'

Potentiometric determination: Consult the method entitled Ni-c.

rogen, Ammonia: Selective Ion Electrode i!ethod.

5. It is not imperative that all standards be distilled in the same

manner as the samples. It is recommended that at least two standards

(a high and low) be distilled and compared to similar values on the

curve to insure that the distillation technique is reliable. If

distilled standards do not agree with undistilled standards the

operator should find the cause of the apparent error before proceed-

ing.

J. CALCULATIONS

i Titrimetric
-_

mg/l NH3 - N = A x M8 x W5
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where

A = ml 0.02 N H SO used2 4

S = m1 sample

Spectrophotometric
Ax '

mg/l NH -N= *
3 D

where

A = mg NH -N read from standard curve.
~

3,

t ) B = ml total distillate collected, including boric acid and dilution.'d

C = ml distillate taken for nesslerization

D = ml of original sample taken.

Potentiometric

mg/NH3 - N = 50 x A
0

where

A = mg Nii -N/l from electrode method standard curve.
3

D = ml of original sample taken.

,
,

s /
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6.1.A.35.0 COLORIMETRIC DETERMINATION OF NITRATE NITROGEN IN WATER

A. PURPOSE

To provide an analytical method for nitrate nitrogen'in water"

samples.

.

B. SCOPE

This analytical procedure applies to the analys.is of all routine

Q well water and surface water samples.
V

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.

g
-V D. SAFETY

Safety glasses required. Brucine Sulfate is toxic.

5
-. . - -
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E. QUALITY CONTROL

One spike sample, one duplicate, and one blank shall be analyzed

with each ten samples in an analysis run. If fewer than ten samples

are to be analyzed in a run, then one spike sample, one duplicate
' and one blank shall be analyzad.

F. INTERFERENCES

1. Dissolved organic matter will cause an off color in 13 N H SO42

w. and must be compensated for by additions of all reagents ex-
'~

cept the brucine-sulfanilic acid reagent. This also

applies to natural color present not due to dissolved organics.

2. The effect of salinity is eliminated by addition of sodium

chloride to the blanks, standards and samples.

3. All strong oxidizing or reducing agents interfere. The presence

of oxidizing agents may be determined with a total residual

chlorine test kit.

4. Residual chlorine interference is eliminated by the addition of

sodium arsenite.

5. Ferrous and ferric iron and quadrivalent manganese give slight

positive interferences, but in concentrations less than 1 mg/l

these are negligible. .

.
.

a

* 7 + ,
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6. Uneven heating of the samples and standards during the reaction

time will result in erratic values. The necessity for absolute

control of temperature during the critical color development

period cannot be too strongly emphasized.
.

G. APPARATUS

1. Spectrophotometer suitable for measuring absorbance at 410 nm.

2. Sufficient number of 40-50 ml glass sample tubes for reagent

blanks, standards and samples.

"' 3. Neoprene coated wire racks to hold sample tubes.

4. Water bath suitable for use at 100 C. This bath should contain

a stirring mechanism so that all tubes are at the same temperature

and should be of sufficient capacity to accept the required

number of tubes without significant drop in temperature when

the tubes are immersed.

5. Water bath suitable for use at 10-15 C.
.

H. REAGENTS

1. Distilled water f)ee of nitrite and nitrate is to be used in

preparation of all reagents and standards.

2. Sodium chloride solution (30"): Dissolve 300 g NaC' in distilled

water and dilute to 1 liter.
s
/

0
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3. Sulfuric acid solution: Carefully add 500 ml conc. H SO to2 4
'

125 ml distilled wat./ Cool and keep tightly stoppered to

prevent absorption of atmospheric moisture.

4. Brucine-sulfanilic acid reagent: Dissolve 1 g brucine sulfate

(C N N 0 bH SO 7H 0 and 0.1 g sulfanilic acid (NH C N S0 H-23 26 2 4 2 4 2 264 3

H 0) in 70 ml hot distilled water. Add 3 ml conc. hcl, cool,
2

mix and dilute to 100 ml with distilled water. Store in a dark
,

bottle at 5 C. This solution is stable for several months; the

~

pink color that develops slowly does not afN.t its usefulness.)

Mark bottle u th warning CAUTION:3rucine Sulfate is toxic; take

care to avoid ingestion.

5. Potassium nitrate stock soluticn: 1.0 ml = 0.1 mg NO -N. Dissolve
3

0.7218 g anhydrous potassium nitrate (KN0 ) in distilled water
3

and dilute to 1 liter in a volumetric flask. Preserve with

2 ml chloroform per liter. This solution is stable for at least

6 months.

6. Potassium nitrate standard solutien: 1.0 ml - 0.001 mg NO -"'
3

Dilute 10.0 ml of the stock solutien tc 1 liter in a volumetric

flask. This standard solution r. d e prepared fresh weekly.

7. Acetic acid (1 + 3): Dilute ' .t glacial acetic acid-

E (Cli C00H) with 3 volumes of distilled watt:r.3

.
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8. Sodium hydroxide (lN): Dissolve 40 g of NaOH in distilled water.

Cool and dilute to 1 liter.

I. DETERMIflATION

1. Adjust the pH of the samples to approximately 7 with acetic

acid o' sodium hydroxide. If necessary, filter to remove

turbidity.

2. Set up the required number of sample tubes in the rack to

handle reagent blank, standards and samples. Space tubes 1,-
a

'

evenly throughout the rack to allow for even flow of bath

water between the tubes. This should assist in achieving uni-

form heating of all tubes.

3. If it is necessary to correct for color or dissolved organic

matter which will cause color on heating, a set of duplicate

samples must be run to which all reagents except the brucine-

sulfanilic acid have been added.
.

4. Pipette 10.0 ml of standards and semples or an aliquot of the

samples diluted to 10.0 ml into the sample tubes.

S'. If the samples are saline, add 2 ml of the 30% sodium chloride

solution to the reagent blank, standards and samples. For fresh

water samples, sodium chloride solution may be omitted. Mix

contents of tubes by swirling and place rack in cold water bath
U

(0-10C).
.

u..-
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6. Pipette 10.0 ml of sulfuric acid solution into each tube and

mix by swirling. Allow tubes to come to thermal equilibrium

in the cold bath. Be sure that temperatures have equilibrated

in all tubes before continuing.

7. Add 0.5 m1 brucine-sulfanilic acid reagent to each tube (except

the interference control tubes) and carefully mix by swirling,

then place the rack of tubes in the 100 C water bath for ex-

actly 25 minutes.
-

Caution: Immersion of the tube rack into the bath should not

decrease the temperature of the bath more than 1 to 2 C.

In order to keep this temperature decrease to an absolute

minimum, flow of bath water between the tubes should not be

restricted by crowding too many tubes into the rack. If color

development in the standard reveals discrepancies in the

procedure, the operator should repeat the procedure after re-

viewing the temperature control steps.

8. Remove rack of tubes from the hot water bath and immerse in the
Ucold water bath and allow to reach thermal equilibrium (20-25 C).

9. Read absorbance against the reagent blank at 410 nm using a 1

cm or longer cell.

-

.
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J. CALCULATION

1. Obtain a standard curve by plotting the absorbance of standards

run by the above procedure against mg NO 0N/1. (The color re-3

action does not always follow Beer's law.)

2. Subtract the absorbance of the sample without the brucine-

sulfanilic reagent from the absorbance of the sample con-

taining brucine-sulfanilic acid and determine mg N0 -N/I'
3

Multiply by an appropriate dilution factor if less than 10 ml
_

of sample is taken,
s

.

. . ~ s

. - -
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6.1.A.36.0 DETERMINATION OF NITRATE-NITRITE. NITROGEN IN WATER

A. PURPOSE

To provide an analytical method for nitrogen in water samples.

B. SCOPE

This analytical procedure applies to the analysis of all routine
.

well water and surface water samples.

' C)
' '

C. RESPONSIBILITIES.

It is the responsibility of the Envirormental Chemist to ensure

|
that this procedure is followed by the analyst and to evaluate

the analytical results.

I

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.

I

, . _ , . . , -, ..n.- - 4 - , ....,, ,~ , , , , , , . , ,,,,..,w-- ,-.a_ ,n.,, ,....-y-.v. <- ,,,,__, n,.,- .,,a,,.,..,
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E. QUALITY CONTROL

One c.91ke sample, one duplicate, and one blank shall be analyzed

with each ten samples in an analysis run. If fewer than ten samples

are to be analyzed in a run, then one spike sample, one duplicate
'

and one blank shall be analyzed.

F. INTERFERENCES

1. Build up of suspended matter in the reduction column will re-

.
strict sample flow. Since nitrate-nitrogen is found in a soluble

: -

' state, the sample may be pre-filtered through a glass fiber filter

or a 0.45p membrane filter. Highly turbid samples may be pre-

treated with zinc sulfate before filtration to remove the bulk

of particulate matter present in the sample.

2. Low results might be obtained for samples that contain high<

concentrations of iron, copper or other metals. EDTA is added

to the samples to eliminate this interference.
*

3. Samples that contain large concentrations of oil and grease will

coat the surface of the cadmium. This interference is eliminated

by pre-extracting the sample with an organic solvent.

4. This procedure determines both nitrate and nitrite. If only

nitrate is desired, a separate determination must be made for

,

.
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nitrite and ' subsequent corrections made. The nitrite may be

determined by the procedure below without the reduction step.

G. APPARATUS

1. Reduction column: The column in Figure 1 was constructed
.,

from a 100 mi pipet by removing the top portion. This columa

may also be constructed from two pieces of tubing joined end

to end. A 10 nn length of 3 cm I.D. tubing is joined to a 25

- cm length of a 3.5 mm I.D. tubing.

2. Spectrophotometer for use at 540 nm, providing a light path of

1 cm or longer.

H. REAGENTS

1. Granulated cadmium: 40-60 mesh (EM Laboratories, Inc. 500 Exec.

Blvd. Elmsford, NY 10523, Cat 2001 Cadmium, Coarse Powder).

2. Copper-Cadmium: The cadmium granules (new or used) are cleaned

with dilute M21 and copperized with 2% solution of copper sulfate

in the following manner:

a. Wash the cadmium with dilute hcl and rinse with distilled

water. The color of the cadmiun should be silver.

b. Swirl 25 g cadmium in 100 ml portions of a 2% solution of

_

copper sulfate for 5 minutes or until blue color partially
4
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fades, decant and repeat with fresh copper sulfate until

a brown colloidal precipitate forms.

c. Wash the copper-cadmium with distilled water (at least 10

times) to remove all the precipitated copper. The col or
-

of the cadmium so treated should be black.

3. Preparation of reaction column: Insert a glass wool plug into

the* bottom of the reduction column and fill with distilled iter.

Add sufficient cepper-cadmium granules to produce a column 18.5

[[ cm in length. Maintain a level of distilled water above the

copper-cadmium granules to eliminate entrapment of air. Wash

the column with 200 ml of diluted ammonium chloride solution.

The column is then activated by passing through the column 100

ml of solution composed of 25 ml of a 1.0 mg/l N0 -N standard3

and 75 ml of ammonium chloride - EDTA solution. Use a flow

rate between 7 and 10 ml per minute.

4. Ammonium chloride - EDTA solution: Dissolve 13 g ammarium.

chloride and 1.7 g disodium ethylenediamine tetracetate in 900

ml of distilled water. Adjust the pH to 8.5 with conc. ammonium

hydroxide and dilute to l liter.

5. Dilute ammonium chloride-EDTA solution: Dilute 300 ml of ammonium
.

chloride-EDTA solution to 500 ml with distilled water.
-

,

.s
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6. Color reagent: Dissolve 10 g sulfanilamide and 1 g N(1-

naphthyl)-ethylene-diamine dihydrochloride in a mixture of 100 ml

conc. phosphoric acid and 800 ml of distilled water and dilute

to 1 liter with distilled water.
~

7. Zinc sulfate solution: Dissolve 100 g ZnS0 7H 0 in distilled
4 2

water and dilute to 1 liter.

8. Sodium hydroxide solution, 6N: Dissolve 240 g Na0H in 500 ml

distilled water, cool and dilute to 1 liter.
,.

9. Ammonium hydroxide, conc.*

.

10. Dilute hydrochloric acid, 6N: Dilute 50 ml of conc. hcl to

100 ml with distilled water.

11. Copper sulfate solution, 2%: Dissolve 20 g of CuS0 5H 0 in
4 2

500 ml of distilled water and dilute to 1 liter.

12. Stock nitrate solution: Dissolve 7.218 g KN0 in distilled
3

water and dilute to 1000 ml. Preserve with 2 ml of chloroform

per liter. This solution is stable for at least 6 months.

1.0 ml - 1.00 mg N0 -N'
3

13. Standard nitrate solution: Dilute 10.0 ml of nitrate stock

solution to 1000 ml with distilled water 1.0 ml - 0.01 mg NO -N.3

14. Stock nitrite solution: Dissolve 6.072 g KN0 in 500 ml of
2

distilled water and dilute to 1000 ml. Preserve with 2 ml of
-

- chloroform and keep under refrigeration. Stable for approximately'

'

3 months. 1.0 ml - 1.00 mg N0 -N.
2
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15. Standard nitrite solution: Dilute 10.0 ml of stock nitrite

solution to 1000 ml with distilled water. 1.0 ml - 0.01 mg N0 -N.
2

16. Using standard nitrate solution prepare the following standards

in 100 ml volumetric flasks:
.

Conc., mg-N0 -N/l ml of Standard Solution /100.0 ml
3

0.00 0.0

0.05 0.5
,

0.10 1.0

0.20 2.0

0.50 5.0

1.00 10.0

I. DETERMINATION

1. Turbidity removal: One of the following methods may be used to
I

remove suspended matter.
,

a. Filter sample through a glass fiber filter or a 0.45p

membrane filter. '

b. Add 1 ml zinc sulfate solution to 100 ml of sample and

mix thoroughly. Add 0.4-0.5 mi sodita hydroxide solution

to obtain a pH of 10.5 as determined with a pH meter.

Let the treated sar.-le stand a few minutes to allow the
,-

LJ heavy flocculent precipitate to settle. Clarify by filtering

through a glass fiber filter or a 0.45p membeane filter.
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2. Oil and grease removal: Adjust the pH of 100 ml of filtered

sample to 2 by addition of conc. hcl. Extract the oil and

grease from the aqueous solution with two 25 ml portions of

a non-polar solvent (Freon, chloroform or equivalent).
.

3. If the pH of the sample is below 5 or above 9, adjust to be-

tween 5 and 9 with either conc. hcl or conc. NH '0H. This is
4

dond to insure a sample pH of 8.E after step 4.

4. To 25.0 ml of sample or an aliquot diluted to 25.0 m1, add
<

(~' 75 ml of ammonium chloride-EDTA solution and mix.

5. Pour sample into column and collect sample at a rate of 7-10

,

ml per minute.

6. Discard the first 25 ml, collect the rest of the sample (ap-

proximately 70 ml) in the original sample flask. Reduced samples

should not be allowed to stand longer than 15 minutes before

addition of color reagent, step 7.

7. Add 2.0 ml of color reagent to 50.0 ml of sample. Allow 10

minutes for color development. Within 2 hours measure the

- absorbance at 540 nm against a reagent blank.

NOTE: If the concentration of sample exceeds 1.0 mg N0 -b/I'
3

the remainder of the reduced sample may be used to make an ap-

propriate dilution before proceeding with step 7.
.,

N
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8. Standards: Carry out the reduction of standards exactly as

described for the samples. At least one nitrite standard

should be compared to a reduced nitrate standard at the same

concentra+ ion to vu ify the effic;ency of the reduction column.
.

J. CALCULATION

1. Obtain a standard curve by plotting the absorbance of standards

run by the above procedure against NO -N mg/1. Compute concen-
3

tration of samples by comparing sample absorbance with ' tan %rd

~ curve.

2. If less than 25 ml of sample is used for the analysis the

following equation should be used:

mgN02+N03 - N/l = m: fap used

where:

A - Concentration nitrate from standard curve.
.

9

%
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6.1. A.37.0 DETERMINATION OF NITRITE NITROGEN IN WATE R_

A. PURPOSE

To provide an analytical m..thod for nitrite nitrogen in water samples..

'B. -Sr,0PE

This analytical procedure applies to the analysis of all routine

well water and surface water samples.

.(3
'# 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.
t

|

L 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 laboratoiy worksheet in the appropriate

.

location to indicate that the procedure has been followed without
t

! deviation.

| D. SAFETY

|j Safety glasses required.

.

9

'
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E. QUALITY CONTROL

One spike sample, one duplicate, e.id one blank shall be i....ilyzed

with each ten samples in an analysis run. If fewer than ten sa.nples

are to be analyzed in a run, then one spike sample, one duplicace
~

and one blank shall be analyzed.

F. INTERFhRENCES

-There are very few known interferences at concentrations less than

1,000 times that of the nitrite; however, the presence of strong
(-m( ) oxidants or reductants in the samples will readily affect the

nitrite cancentrations. High alkalinity (>600 mg/1) will give low

results due to a shift in pH.

G. APPARATUS

1. Spectrophotometer equipped with 1 cm or larger cells for use

at 540 nm.

2. Nessler tubes, 50 ml or volumetric flasks, 50 ml.
,

H. REAGENTS

1. Distilled water free of nitrite and nitrate is to be used in

preparation of all reagents and standards.

2. Buffer-col or reagent: To 250 ml of distilled water, add 105

ml conc. hydrochloric acid, 5.0 g sulfanilamide and 0.5 g N -,s

'( )'

. . _
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(l naphthyl) ethylenediamine dihydrochloride. Stir until

dissolved. Add 136 g of sodium acetate (CH C00Na 3H 0) and
3 2

again stir -til dissolved. Dilute to 500 ml with distilled

water. This solution is stable for several weeks if stored in

the dark.-

3. Nitrite stock solution: 1.0 ml = 0.10 mg N0 -N. Dissolve
2

0.4926 g of dried anhydrous sodium nitrite (24 hours in de-

siccator) in distilled water and dilute to 1000 ml. Preserve

') with 2 ml chloroform per liter.

4. Nitrite standard solution: 1.0 ml = 0.001 mg N0 -N. Dilute~

2

10.0 ml of the stock solution to 1000 ml.

I. DETERMINATION

1. If the sample has a pH greater than 10 or a total alkalinity

in excess of 600 mg/1, ad]ust to approximately pH6 with 1:3 hcl.

2. If necessary, filter the sample through a 0.45 y pore size filter

using the first portion of filtrate to rinse the filter flask.

3. Place 50 ml of sample, or an aliquot diluted to 50 m1, in a 50 ml

Nessler tube; hold until preparation of standards is completed.

4. At the same time prepare a series of standards in 50 ml Nessler

tubes as follows:

_
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ml of Standard Solution Conc., When Diluted to
1.0 ml = 0.001 mg N0 -N 50.ml, mg/l of N0 -N

2 2

0.0 (Blank)

0.5 0.01

1.0 0.02-

1.5 0.03

2.0 0.04

3.0 0.06

4.0 0.08

5.0 0.10
1

10.0 0.20

5. Add 2 ml of buffer-color reagent to each standard and sample,

mix and allow color to develop for at least 15 minutes.

The color reaction medium should be between pH 1.5 and 2.0.

6. Read the color in the spectrophotometer at 540 nm against the

blank and plot concentration of N0 -N against absorbance.
2

J. CALCULATION

1. Read the concent?ation of N0 -N directly from the curve.
2

2. If less than 50.0 ml of sample is taken, calculate mg/l as follows:

2 - N, mg/l = ma/l fr m std. curve X 50
-

NO m1 sample used

0

.
J
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6.1.A.38.0 GRAVIMETRIC DETERMINATION OF SULFATE IN WATER

A. PURPOSE

To provide an analytical method for sulfate in water samples.

B. SCOPE

This analytical procedure applies to the analysis of all routine
~

well water and surface water samples.

n
V 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.
V

..- .. - . - . .__ . - . . . _ . - -- - -
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E. QUALITY CONTROL

One spike sample one duplicate, and one' blank shall be analyzed

with each ten sample.,in aa analysis run. If fewer than ten samples

are to be analyzed in a run, then one spike sample, one duplicate
~

and one blank shall be analyzed.

F. INTERFERENCES

', 1. High results may be obtained for samples that contain sus-

pended matter, nitrate, sulfite and silica.
'

2. Alkali metal sulfates frequently yield low results. This is

especially true of alkali hydrogen sulfates. Occlusion of

alkali sulfate with barium sulfate causes the substitution-

of an element of lower atomic weight than barium in the precipitate.

Hydrogen sulfate of alkali metal acts similarly and decomposes

when heated. Haavy metals such as chormium and iron, cause

low results by interfering with complete precipitation and by

formation of heavy metal sulfates.

G. APPARATUS

1. Steam bath

2. Drying oven, equipped with thermostatic control.

3. Muffle furnace with heat indicator.

-

b
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4. Desiccator

5. Analytical balance, capable of weighing to 0.1 mg.
'

6. Filter paper, acid-washed, ashless hard-finish filter paper

sufficiently retentive for fine precipitates.
.

H. REAGENTS

1. Methyl red indicator solution: Dissolve 100 mg methyl red sodium

salt in distilled water in a 100 ml volumetric flask and dilute

to the mark with distilled water.
,

,

2. Hydrochloric acid, hcl, 1 + 1

3. Barium chloride solution: Dissolve 100 g BaCl '2N 0 in 1 liter
2 2

of distilled water. Filter through a membrane filter or hard-

finish filter paper. One ml of this reagent is capable of

precipitating approximately 40 mg SO .
4

4. Silver nitrate nitric acid reagent: Dissolve 8.5 g AgN0 nd
3

0.5 ml conc. HNO in 500 ml distilled water.
3

I. DETERMINATION

1. Removal of silica: If silicc concentration is greater than

25 mg/1.

a. Evaporate sample nearly to dryness in a platinum dish on a

steam bath.
'

gs
.,

1
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b. Add 1 ml hcl solution, tilt dish and rotate until acid

contacts al: of the residue,

c. Continue evaporation to dryness.
,

U
d. Complete drying in an oven at 180 C.

e. If organic matter present, char over a flame.

f. Moisten with 2 ml distilled water and 1 ml hcl solution.

g. . Evaporate to dryness on a steam bath,

h. Add 2 ml hcl solution.

'O 1. Take up soluble residue in hot distilled water and filter.

j. Wash the insoluble silica with several small portions of hot

distilled water.

k. Combine filtrate and washings.

2. Precipitation of barium sulfate

a. If necessary, treat clarified sample to remove interfering

agents.

b. Adjust to contain approximately 50 mg SO ion in a 250 ml
4,

volume.

c. Adjust acidity with hcl solution to pH 4.5 to 5.0, using

pH meter or orange color of methyl red indicator.

d. Add an additional 1 to 2 ml hcl solution.

n
-
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.

e. For lower concentrations of sulfate ion fix the total volume

at 150 ml.

f. Heat to boiling and, while stiring gently, add warm BaCl 2

solution slowly, until precipitation appears to be complete;

then add approximately 2 ml in excess.~

g. If amount of precipitate is small, add a total of 5 ml BaCl2

solution.
U

h. Digest the precipitate 'at 80 to 90 C preferably overnight

but for not less than 2 hours.

3. Filtration and weighing

a. Mix : little ashless filter paper pulp with the BaSO and
4

filter at room temperature.

b. Wash the precipitate with small portions of warm distilled

water until the washings are free of chloride as indicated

by testing with silver nitrate-nitric acid reagent.

c. Dry the filter and precipitate.

d. Ignite at 800 C for 1 hour. DO NOT LET THE FILTER PAPER FLAME!

e. Cool in' desiccator and~ weigh.

J. CALCULATION

mgBaSO4X4kl.5
mg/l 50 =

4 ml sample

O
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6.1.A.39.0 TURBIDIMETRIC DETERMINATION OF SULFATE IN WATER s

A. PURPOSE

To provide an analytical method for sulfates in water samples.

B. SCOPE

This analytical procedure applies to the analysis of all routine

well water and surface water samples.

O
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 completed without

deviation.

D. SAFETY

Q Safety glasses required.
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E. QUALITY CONTROL

One spike sample, one duplicate, and one blank shall be analyzed

with each ten samples in an analysis run. If fewer than ten

samples are to be analyzed in a run, then one spike sample, one
'

duplicate and one blank shall be analyzed.

F. APPARATUS

1. Magnetic stirrer, variable. speed so that it can be held con-

stant just below splashing. Use identical shape and size

magnetic sirring bars.

2. Stopwatch, if the magnetic stirrer is not equipped with an

accurate timer.

3. Measuring spoon, capacity 0.2 to 0.3ml.

G. REAGENTS _

1. Conditioning reagent: Place 30ml conc. hcl, 300ml distilled

water,100ml 95% ethanol or i;cr opanol and 75g Nacl in

solution in a container. > 50 glycerol and mix.'

2. Barium chloride, BaCl crystsis, 20 to 30 mesh.
2

3. Sodium carbonate solution (approximately 0.05N): Dry 3 to 59

primary standard Na 00 at 250 0 for 4 hours and cool in a2 3

desiccator. Weigh 2.5 i 0.29 (to the nearest mg), transfer

to a 1 liter volumetric flask and fill to the mark with dis-

tilled water.

4. Standard sulfate solution (1.00nl = 100ugSO ).
4
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H. DETERMINATION

1. Formation of barium sulfate turbidity

a. Place 100ml sample, or a suitable portion diluted to 100ml

into a 250 Erlenmeyer flask.
.

b. Add exactly 5.0ml conditioning reagent.

c. Mix in the stirring apparatus.

d. 'While the solution is being stirred, add a measuring spoon-

ful of BaCl crystals and begin timing immediately.
2

r') e. Stir exactly 1.0 minutes at constant speed.

2. Measurement of barium sulfate turbidity

a. Immediately after the stirring period tias ended, pour

solution into absorbance cell.

b. Measure turbidity at 30 second intervals for 4 minutes.

c. Record the maximum reading obtained in the 4 minute period.

3. Preparation of calibration curve

a. Prepare calibration curve using standard sulfate solution.
.

b. Space standards at Smg/l increments in the 0-40mg/l sulfate

range.-

c. Above 50mg/l the accuracy decreases and the suspensions lose

stabili ty.

d. Check reliability of calibration curve by runniag a standard
- s

/ with every 3 or 4 samples.s

.

1
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4. Correction for sample color and turbidity

a. Run a sample blank using the procedure I and 2 without the

addition of barium chloride.

I. CALCULATIONS

~

1. Read mg SO from calibration curve,
4

mg S0 /1 = mg SO4 X 1,000
4 ml sample

.

[

_

I

,r y
.j

l

!

_ -- . . _ .
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6.1.A.40.0 DETERM_INATION OF TOTAL DISSOLVED SOLIDS

A. PURPOSE

To providean analytical method for Total Dissolved Solids in water

samples.

B. , SCOPE ,

i

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 En*sironmental 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. Use stainless steel tongs to handle hot

crucibles.

. --. . - . - . _ . . -. . . . _ - . . -.
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E. QUALITY CONTROL

One spike sample, one duplicate, and'one blank shall be analyzed

with each ten samples in an analysis run. If fewer than ten

samples are to be analyzed in a run, then one spike sample, one

duplicate and one blank shall be analyzed.

F. ~ INTERFERE :CES

1. Highly mineralized waters containing significant.concentra-

tions of calcium, mangesium, chloride and/or sulfate may
(O/

be hygroscopic and will require prolonged drying, desic-

cation and rapid weighing.

2. Samples containing high concentrations of bicarbonate will

rec,uire careful and possibly prolonged drying at'180 to in-

sure that all the bicarbonate is converted to carbonate.

3. Too much residue in the evaporating dish will crust over

and entrap water that will not be driven off during dry-

ing. Total residue sf "id be limited to about 200 mg.

.

G. APPARATUS

,_ k. Glass fiber filter discs 4.7 cm or 2.1 cm, without organic
.

binder, Reeve Angel type 934-AH, Gelman type A/E or equiva-
m

) lent.'

2. Filter holder, membrane filter funnel or' Gooch cruicible

adapter.

- . - - .. .
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3. Suction flask, 500 ml.

4. Gooch crucibles, 25 ml (if 2.1 cm filter is used).

5. Evaporating dishes, porcelain, 100 m1 volume. (Vycoror

platinum dishes may be substituted).

6. Steam bath.

7. Drying ov'er,180 C 12 C.

8. Desecator.
~

9. Analytical balance, capable of weighing to 0.1 mg.

j

H. DETERMINATION

1. Preparation of glass fiber disc. Place the disc on the mem-

brane filter apparatus or insert into bottom of a suitable

Gooch crucible. While vacuum is applied, wash the disc with

three successive 20 m1 volumes of distilled water. Remove

all traces of water by continuing to apply vacuum after

water has passed through. Discard washings.

2. Preparation of evaporating dishes: If volatile residue is

also to be measured heat the clean dish to 550 1 50 C for

one hour in a muffle furnace. If only filterable residue

is to be measured heat the clean dish to 180 C i 2 C for

one hour. Cool in desiccator and store until needed.c

|
~'

Weigh immediately before use.

.
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3. Assemble the filtering apparatus and begin suction. Shake

the san,le vigorously and rapidly' transfer 100 ml to the

funnel by means of r 100 m1 graduated cylinder. If total

filterable residue is low, a larger volume may be filtered.

4. Filter the sample through the glass fiber filter, rinse with

three 10 ml portions of distilled water and continue to

apply vmium for about 3 minutes after filtration is com-
,

plete to remove as much water as possible.

( ) 5. Transfer 100 ml (or a larger volume) of th: filtrate to a

weighed evaporating dish and evaporate to dryness on a steam

bath.

6. Dry the evaporated sample for at least one hour at 180 + 2 C
_

in a desiccator and weigh. Repeat the drying cycle until a
i

constant weight is obtained or until weight loss is less than
'

O.5 mg. -

I. ' CALCULATION

Calculate Total Dissolved Solids as followr:

Total Dissolved Solids, mg/l = (A - B) x 1,000
.

C

where:

( ') A = weight of dried residue + dish in mg^

, a
B = weight of dish in mg

C = volume of sample used in ml.
!
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6.1. A.41.0 DETERMINATION OF TOTAt. SUSPEND':D S0tIDS

A. PURPOSE

To provide an analytical method for Total Suspended Solids in

water samples.

B. SCOPE

This analytical procedure applies to the analysis of all routine

well water and water samples,

p
G

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 tne 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
|
i 73

V Safety glasses required. Use stainless steel tongs to handle hot

crucibles:
1

L
_ ~
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E. INTERFERENCES

1. Filtration apparatus, filter material, pre-washing, post-washing

and drying temperature are specified because these variables

have been shown to affect the results.
.

2. Samples high in Filterable Residue (dissolved solids), such as

saline waters, brines and some wastes, may be subject to a

positivt interference. Care must be taken in selecting the

filtering apparatus so that washing of the filter and any dis-

solved solids in the filter minimizes this . otential interference.

F. APPARATUS

1. Glass fiber filter discs, without organic binder, such as Milli-

pore AP-40, Reeve Angel 934-AH, Gelman type A/E, or equivalent.

NOTE: Because of the physical nature of glass fiber filters,

the absolute pore size cannot be controlled or measured. Tenns

such as " pore size," collection efficiencies and effective

retention are used to define this property in glass fiber filters.

Values for these parameters vary for the filters listed above.

2. Filter support: filtering apparatus with reservoir and a coarse

40-60 microns) fritted disc as a filter support.

)
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NOTE: Many funnel designs are available in glass or porcelain. (

Some of the most common are Hirsch or Buchner funnels, membrane

filter holders and Gooch crucibles. All are available with

coarse fritted disc.

a. Suction flask'

b. Drying Oven, 103-105 C

c. Desiccator

d. Analytical balance, capable of weighing to 0.lmg.

G. DETERMINATION

1. Preparation of glass fiber filter disc: Place the glass fiber

filter on the membrane filter apparatus or insert into bottom

of a suitable Gooch crucible with wrinkled surface up. While

vacuum is applied, wash the disc with three successive 20ml

volumes of deionized water. Remove all traces of water by

continuing to apply vacuum after water has passed through.

Remove filter from membrene filter apparatus or both crucible
.

and filter if Gooch crucible is used, and dry in an oven at

103-105 C for one hour. Remove to desiccator and store until

needed. Repeat the drying cycle until a constant weight is

obtained (weight loss is less than 0.5mg). Weigh immediately

before use. After weighing, handle the filter or crucible /

h' filter with forceps or tongs only.
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2. Selection of Sample Volume

For a 4.7 cm diameter filter, filter 100 ml of sample. If

weight of captured residue is less than 1.0 mg, the sample volume

must be increased to provide at least 1.0 mg of residue. If

~

other filter diameters are used, start with a sample volume
~

2equal to 7 ml/cm of filter area and collect at least a weight

of residue proportional to the 1.0 mg stated above.

NOTE: If during filtration of this initial volume the filtration

rate drops rapidly, or if filtration time exceeds 5 to 10 min-

utes, the following scheme is recommended: Use an unweighed

glass fiber filter of choice affixed in the filter assembly.

Add a known volume of sample to the filter funnel and record

the time elapsed after selected volumes have passed through the

filter. Twenty-five ml increments for timing are suggested.

Continue to record the time and volume increments until filtration

rate drops rapidly. Add additional sample if the filter funnel

volume is inadequate to reach a reduced rate. Plot the observed

time versus volume filtered. Select the proper filtration volume

as that just short of the time a significant change in filtration

support.

3. Assemble the filtering apparatus and begin suction. Wet the

h filter with a small volume of distilled water to seat it

against the fritted support.
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4. Shake the sample vigorously and quantitatively transfer the

predetermined sample volume selected in 7.2 to the filter using

a graduated cylinder. Remove all traces of water by con-

tinuing to apply vacuum after sample has passed through.
'

5. With suction on, wash the graduated cylinder, filter, non-

filterable residue and filter funnel wall with three portions

of distilled water allowing complete drainage between washing.

Remove all traces of water by continuing to apply vacuum after

water has passed through.
v

NOTE: Total volume of wash water used should equal approximately

22 ml per cm . For a 4.7 cm filter the total volume is 30 ml.

6. Carefully remove the filter from the filter support. Alternatively,

remove crucible and filter from crucible adapter. Dry at least

i one hour at 103-105 C. Cool in a desiccator and weigh. Repeat

the drying cycle until a constant weight is obtained (weight loss

is less than 0.5 mg).
.

H. CALCULATIONS

1. Calculate total suspended solids as follows:

(A - B) X 1,000
Non-filterable residue, mg/l = C

A = weight of filter (or filter and crucible) + residue in mg

J B = weight of filter (or filter and crucible) in mg

C = ml of sample filtered.

.
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6.1. A.42.0 DETERMINATION OF TOTAL SOLIDS

A. PURPOSE

To provide an analytical method for Total Solids in water samples.

B. SCOPE

This analytic'al procedure applies to the analysis of all routine

well water and surface water samples.

(y
V 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 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 -

p Safety glasses required. Use stainless steel tongs to handle hot
O'

crucibles.

_
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E. QUALITY CONTROL

One spike sample, one duplicate, and one blank shall be analyzed

with each ten samples in an analysis run. If fewer than ten

samples are to be analyzed in a run, then one spike sample, one
-

duplicate and one blank shall be analyzed.

F. INTERFERENCES

1. Non-representative particulates such as leaves, sticks, fish

and lumps of fecal matter should be excluded from the sample if
i -,
,

'

' -' it is determined that their inclusion is not desired in the final

result.

2. Floating oil and grease, if present, should be included in the

sample and dispersed by a blender device before aliquoting.

G. APDARATUS

Evaporating dishes, procelain, 90 mm,100 ml capacity. (Vycor or

I platinum dishes may be substituted and smaller size dishes may be
,

used if required.)

H. DETERMINATION

1. Heat the clean evaporating dish to 103-105 C for one hour, if

Volatile Residue is to be measured, heat at 550 i 50 C for one

,
_/

.
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hour in a muffle furnace. Cool, desiccate, weigh and store in

desiccator until ready for use.

2. Transfer a measured aliquot of sample to the pre-weighed dish

and evaporate to dryness on a steam bath or in a drying oven.
.

3. Choose an aliquot of sample sufficient to contain a residue

of at least 25 mg. To obtain a weighable residue, successive

aliquots of sample may be added to the same dish.

b. If evaporation is performed in a drying oven, the temperature

i should be lowered to approximately 98 C to prevent boiling

and splattering of the sample.

3. Dry the evaporated sample for at least 1 hour at 103-105 C.

Cool in a desiccator and weigh. Repeat the cycle of drying at

103-105 C, cooling, desiccating and weighing until a constant

weiCht is obtained or until loss of weight is less than 4% of

the .cevious weight, or 0.5 mg, whichever is less.

I. CALCULATION

Calculate total Solids as follows:

Total Solids, mg/l = (A - X 1,000

where:

A = weight of sample + dish in mg

) B = weight of dish in mg

C = volume of sample in ml
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A. PURPOSE

To provide an analytical method for the determination of trace metals.

B. SCOPE

This analytical procedure is applicable to water samples, the li-

quid portion of the extractive toxicity test for hazardous wastes,

lubricant, and coolant analysis for wear metals.

n
V C. RESPONSIBILITIES

It is the responsibility of the Environmental Chemsit to ensure

that this procedure is followed by the analyst and to evaluate

the analy'ical results.c

It is the responsibility of the analyst to report any abnormal

results to the Environmental Chemist. The analyst must sign the

laboratory worksheet in tne appropriate location to indicate that-

the analytical procedure was followed without deviation.

D. SAFETY

Safety glasses required. All doors to the instrument shall be

closed when in operation. The instrument is equipped with multi-q
v ple automatic interlock systems which will shut it down if any

._ _ - - __ _ . _._ ._ ___ _.
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door is opened, if gas pressure fails, if water pressure fails, or

if reflected radio frequency power exceeds a factory set level.

Additionally, an audible alarm will sound if the reflected radio

frequency power exceeds a user set level. The alarm also sounds

when the instrument is turned on or if a power interruption occurs.

The alarm may be reset by pushing the alarm reset button. These

! automatic shutdown systems shall not be bypassed at any time. In

k. the event of automatic shutdown the instrument shall not be restarted

until the cause of shutdown has been determined.

E. QUALITY CONTROL
I

A spike sample, a duplicate sample, and a blant. shall be an&lyzed

with each ten samples in a sample run. If fewer than ten samples

are to be analyzed in a sample run, then one spike sample, one.dupli-

cate, and one blank shall be analyzed.

F. PRJCEDURE

1. Reagents - Anti-freeze, commercial, of the type and dilution used
,

,

by the mine aachinery.-

- 2. Lubricant - commercial, type and weight being used by the mine
'"

machinery.

3. Standards, Water - Five separate standards prepared by the Environ-

mental Chemist for calibrating the instrument. Prepared

L
- - __ .._. _ _ _ _
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4. Standards, Coolant 4 Standards prepared by the Environmental

Chemist using reagent grade chemicals and commercial anti-freeze.

Used for calculating the instrument.

5. Standards, Lubricant - Standards prepared by the Ervironmental

Chemist using reagent grade organometalic compcunds and reagent
,

grade xy'.ene. Mixed with a blank of the lubricant of interest

for use in calibrating the instrument.

IJ
' ' '

'G. INSTRUMENT INITIALIZATION

1. Install, as instructed in the instrument manual, the appropriate

torch and nebulizer assembly for the determination being per-

formed.

2. Install the proper type of tubing in the peristaltic pump.

Isoversinic tubing for lubricant analysis, and polyvinylchloride

tubing for coolant and water analysis.
*

3. Adjust the pump speed to deliver 1.5 to 1.6 ml/ min of the sample.

4. Attach the pump tubing to the nebulizer feed line.

5. Actuate the plasma torch as instructed in the instrument manual.

Initialize the sample flow into the nebulizee.

6. Call up the appropriate program matrix for the samples of in-

({} terest by typing la the four letter matrix code.

.
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Matrix Code Applicatian

MINE Water, no dynamic background correction

SSNE Water, dynamic background correction as

required by EPA for NPDES analyses.

LUBE. Lubricant, no dynamic background cor-'

rection.

HEAT Coolant, no background correction.

''; 7. Simultaneously depress the shift key and the letter M to allow
U

the computer to function.

8. Simultaneously depress the control key and the letter P to switch

the instrument into profile mode. The computer will respond

with PCN f. Enter the number 14.

9. Place the sampling tube into the copper profiling standard and

profile the response. If the torch has been changed since the

previous use profile the flame vertically and horizontally.

See instrument manual.

10, Release instrument from nrofile mode by depressing the ESC

(escape) key.

11. Call up background correction if desired by depressing the let-

ter D. After the computer responds ente- the number of back-

! ground cycles with the number 3.
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H. DETERMINATION FOR WATER

1. Ensure that the proper matrix, SSNE, is in the computer. En-

sure that the background correction is enabled.

2. Ensure that the N + 1 channel is adjusted to the proper wave

length as required.

3. Open the computer to calibration by pressing the letter J.

4. Place the sampling tube in the first standard, UNCI. Press

r .the fast forward button on the pump until the standard enters
m

the nebulizer.

5. On the teletype console type QEGTGIGIAIN, then the return key,

This will set up the computer to erase any previous standsrd

memory (E), analyze the standard three times (G), print the

results in intensities (I), print the average intensity (AI),

and ask the name of the standard (N). The computer will now

execute this command string every time the letter 0 is typed
.

until a new Q is typed. Type the letter 0. ilhen the computer

is through, type the standard name, U:iCl.

6. Place the sampling tube in the next standard. Press the fast
.

forward button on the pump until the standard enters the nebu-

lizer. Type the letter 0 and when the computer is through en-

(J ter the standard name.

7. Repeat step 6 for all 5 standards. ,
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8. When all standards have been analyzed, type the letter S to

enter calibration. The instrument is now calibrated and need
t

not be calibrated until the next use.

9. Type QEGCGCGCAC, then the return key. This will set up the

computer to erase any previous sample memory (E), analyze the

standard three times (G), print the results in concentration

(C), and print the avera'ge concentration (AC). The computer

will execute this comand string every time the letter 0 is
O typed until a new Q is typed.

10. Place the sampling tube in tFe sample. Press the fast forward

button on the pump until the sample enters the nebulizer.

11. Type / - and then sample identification andN+1 element if any.

Press return key.

12. Type 0. When the analysis is complete, the three individual

analyses results and the average result will be printed.

13. Return to step 10 for the next sample.

I. DETERMINATION FOR LUBRICANT

1. Ensure that the proper matrix, LUBE, is in the computer.

2. Make standards using the LUB series of organometalics in xylene

Q and a fresh, unused sample of the specific lubricant being ana-

lyzed. Mix 25 ml of each LUB series standard with 25 ml of
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lubricant. Label as LUB1 through LUB5 and the type and weight

of lubricant. These standards may be used in the future if the

same type and weight of lubricant, from the the same source,

is analyzed again.

3. Standardize the instrument as in steps 4 through 8 for the de-

termination for water except use the Q string QEGIGIAIN.

4. Analyze each sample as in steps 9 through 13 of the determi-

nation for water except use the Q string QEGCGCAC.
7 3

x_/

J. DETERMINATION FOR COOLANT

1. Ensure that the proper matrix, HEAT, is in the computer. En-

sure that the HOT series of standards is used.

2. Standardize the insturment as in step 4 through 8 for the de-

termination for water except use the Q string QEGIGIAIN.

3 Analyze each sample as in steps 9 through 13 of the determi-
.

nation for water except use th Q string QEGCGCAC.

K. INSTRUMENT SHUT DOWN

1. Press the RF off button.

2. Turnoff gas flow at the tank then at the instrume..t.

I) 3. Turn off water flow.

4. Turn o.ff teletype consol.e.

i

. _ . _ . . __ _ _ _
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L. CALCULATION:

The analysis results are printed directly in mg/ liter for each

element. Subtract the concentrations of the blank sample from

the sample concentrations.

I I

.

/*'%s

,,y
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6.1. A.44.0 DETERMINATION OF AtGiONIA NITROGEN IN WATER,
USING AN 10N SELECTIVE ELECTRODE

A. PURPOSE

To provide an analytical method for ammonia nitrogen 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.

h D. SAFETY

Safety glasses required.
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E. QUALITY CONTROL

One spike sample, one duplicate, and one blank shall be analyzed

with each ten samples in an analysis run. If fewer than ten samples

are to be analyzed in a run, then one spike sample, one duplicate
,

and one blank shall be analyzed.

F. INTERFERENCES

1. Volatile amines act as a positive interference.

2. Mercury interferes by forming a strong complex with ammonia.,

,O
Thus the samples cannot be preserved with mercuric chloride.

G. APPARATUS

1. Electrometer (pH meter) with expanded mV scale or a specific

ion meter.

2. Ammonia selective electrode, such as Orion Model 95-10 or

equivalent.

3. Magnetic stirrer, thermally insulated, and Teflon-coated.

stirring bar.

H. _ REAGENTS

1. Distilled water: Special precautions must be taken to insure

that the distilled water is free of ammonia. This is accomplished

'[]) by passing distilled water through an ion exchange column con-

-

.

u.
,
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taining a strongly acidic cation exchange resin mixed with a

strongly basic anion exchange resin.'

2. Sodium hydroxide, 10N: Dissolve 400 g of sodium hydroxide

in 800 ml of distilled water. Cool and dilute to 1 liter with

distilled water.

3. Ammonium chloride, stock solution: 1.0 ml - 1.0 mg NH -N. Dis-
3

solve 3.819 g Nil Cl in water and bring to velume in a 1 liter
4

volumetric flask using distilled water.
'

( i 4. Ammonium chloride, standard solution: 1.0 ml - 0.01 mg N!! -"'
3

Dilute 10.0 ml of the stock solution to 1 liter with distilled

water in a volumetric flask.

I. DETERMINATION

1. Preparation of standards: Prepare a series of standard

solutions covering the concentration range of the samples by

diluting either the stock or standard solutions of ammonium

chloride.

2. Calibration of electrometer: Place 100 ml of each standard

solution in clean 150 ml beakers. Immerse electrode into

standard of lowest concentration and add 1 ml of 10N sodium

hydroxide solution while mixing. Keep electrode in the solution

until a stable reading is obtained.

-
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NOTE: The pH of the solution after the addition of NaOH must

be above 11. Caution: Sodium hydroxide must not be added

prior to electrode immersion, for t.mmonia may be lost from a

basic solution.

3. Repeat this procedure with the remaining standards, going from
'

lowest to highest concentration. Using semilogarithmic graph

paper, plot the concentration of ammonia in mg NH -N/l n the
3

log axis vs. the electrode potential developed' in the standard
' on the linear axis, starting with the lowest concentration at

the bottom of the scale.

4. Calibration of a specific ion meter: Follow the directions

of the manufacturer for the operation of the instrument.

5. Sample measurement: Follow the procedure for 100 ml of sample

in 150 ml beakers. Record the stabilized potential or each

unkown sample and convert the potential reading to the am-

monia concentration using the standard curve. If a specific

ion meter is used, read the ammonia level directly in mg

M1'NII*3

mp
% /

~-
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6.1.A.45.0 PROCEDURES FOR THE USE OF RADI0 ACTIVE MATERIALS

A. PURPOSE

To provide procedures for the use and storage of radioactive materials

for laboratory use.

B. SCOPE

These procedures are applicable to all radioactive materials used in

('] the laboratory and to all. laboratory personnel. Environmental samples

collected on the Morton P.anch mine properties are not considered

radioactive materials until a radioactive tracer has been added or the

sample has been concentrated for the determination of radioactivity.

C. RESPONSIBILITIES

It 15 the responsibility of the Environmental Chemist to ensure that

the procedure is followed without deviation by laboratory personnel and

to ensure that the required documentation of activities involving

radioactive materials is maintained. It is the responsibility of the

1aboratory personnel to follow the procedure without deviation and to<

report any abnormalties to the Environmental Chemist.

1g'( '

,r

L



_.

Section flame Environmental / Radiation

Policy / Procedure 6.1.A.45.0

Page 2 of 9

Date Issued April 1, 1981

Supersedes MNew r

/// /APPROVED /

}* |V
D. PROCEDURE

1. Laboratory Apparel and Safety Equipment

a. Laboratory apparel and safety equipment requirements are de-

tailed in the Laboratory Safety Manual.

2. Limitations on the Handling of Radioactive Materials

a. All shipping containers in which radioactive materials have

been received by the laboratory will be opened only by the

Environmental Chemist and only in the radioisotope fume hood.

_ Any leakage or spillage of the contents must be reported to

the Environmental / Radiation Department Manager and the manufac-

turer immediately. The Environmental / Radiation Department

Manager will direct the appropriate containment of the material.

b. All operations involving the use of concentrated radioactive

materials as received from the manufacturer shall be performed

only with specific written approval and written instructions

from the Environmental Chemist or the Enviornmental/ Radiation-

Manager. See Procedure 6.1. A.15.0 Dilution of Radioactive

Standard Solutions.

c. All operations involving the use of concentrated radioactive

materials and dilute standard solutions used in the analyses

'_s

?

L *
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will be performea in the radioisotope fume hood. The fume

.

hood must be operating properly when radioactive materials

are present in it.

d. No fume hood, including the radioisotope fume hood, may be

used for the storage of radioactive materials. Fume hoods

are only to be used when required in the performance of labor-

atory work.

e. Concentrated radioactive solutions will be kept until use in
- the container supplied by the manufacturer with sufficient

absorbent packing material surrounding the material container

to absorb any leakage. The material will be kept in the

radioactive materials storage cabinet which will be locked.

f. Access to the radioisotope storage cabinet will be autho-

rized only by the Environmental / Radiation Department Manager

or the Environmental Chemist. Laboratory personnel will not

have keys to the radioisotope cabinet.

g. All dilute radioactive standard solutions will be kept in

polyethylene or teflon bottles with a maximum size of 1 liter.

The contents of each bottle will be clearly labeled. See

Procedure 6.1.A.17.0 Storage, Use, and Handling of Radioactive

Standard Solutions.

.

L__
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h. Standard solution containers may not be opened except in the

radioisotope fome hood.

1. Transfer of standard solution aliquots to samples will be

performed only with pipettes specifically assigned to the

individual solution and labled according'iy. Pipettes will

be stored in the radioisotope cabinet when not in use.

j Pipetting by mouth is not allowed under any circumstances..

Use of a pipetting aid is required. If a pipetting aid is

contaminated by over pipetting of a solution, it must be

disposed of as radioactive wiste. The Envir.onmental Chemist

must be not'ified immediately and an estimate made of the amount

lost. The estimate of loss will be entered in the radio-

isotope log book. The Environmental Chemist will direct any

necessary decontamination.

k. Environmental samples to which radioactive tracers have been

added may be moved about in the laboratory work area subject-

to the following limitations;

1. Any evaporation must be performed in a fume hood and

samples must not be removed from the fume hood until cool.
.

2. Any volatile fraction from analysis must be kept in a

fume hood during analysis.

.

L
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3. Sample containers shall be covcred whenever they are not

in a fume hood r.r whenever the analysis does not require

that the container be open.

1. Electroplated and foil covered sources will be stored in the

lead shielded box in the radioisotope cabinet when not in use.

The use and handling of the radioactive sources is covered in
.

Procedure 6.1.A.13.0 Care and Handling of Calibrated Soruces.

O
E. RADIATION SURVEY A!.D MONITORING PROCEDURES

1. Control TLD badges will be placed in the labo'/atory. to monitor

background radiation levels. The TLD badges will be returned to the

manufacturer for readout on a quarterly basis.

2. Surveys 07 each laboratory room will be made using a Ludlum Model

19 micro R meter or similar instrument on a quarterly basis.

3. Swipa samples will be taken from laboratory work surfaces, equipment,

and the exterior and interior surfaces of the radioisotope cabinet

on a monthly basis.

4. Documentation of all survey and monitoring results, including any

necessary decontamination, will be maintained.

O

..
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F. SAFETY PRECAUTIONS

1. Radioactive solutions, except when added as tracers to environ-

mental samples, will be stored in break resistant screw cap con-

tainers in the radicisotope cabinet.

2. Radioactive materials will not be removed from the laboratory

area until discarded as laboratory radioactive waste or returned

to the manufacturer.

|.

General laboratory safety is covered in Procedure 6.1.A.12.03.
"'' Laboratory Safety.

G. STORAGE OF RADI0 ACTIVE MATERIALS

Storage of radioactive materials is covered under procedure B above.

H. POSTING 0F arf ' 1 WHICH RADI0 ACTIVE MATERIALS ARE USED

1. The entire laboratory is considered to be a radioactive materials

use area. Each entrance to the laboratory and the radioisotope

cabinet is clearly posted with a sign stating:

Radiation

Radioactive

Materials

.

b -
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The signs are 14" x 10" with the work " Radiation" in 24" high

yellow letters on red background and the word " Radioactive" and

" Materials" in 2" high black letters on yellow background. The

standard radiation symbol appears in red on either side of the

word " Materials."

2. Because of the presence of radioactive and other materials in the

laboratory, access to the entire laboratory is restricted. Access

is governed by Proceduce 3.1.A.ll.0 Laboratory Security and Controlled
,

,

Access.

I. PERSONNEL MONITORItiG DEVICES

-1. All laboratory personnel will wear Thermoluminescent Dosimetry

Badges at all- times when in the laboratory. Badges should be

attached to the lab coat lapel or breast pocket upon entering the

laboratory.
*

2. When not in use, TLD badges will be stored in the badge box in the

laboratory entrance. The badge box will be locked during non-working
|

hours. |

|
3. No radioactive materials may be placed on or in the badge box.

,,
,

,,./

|
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4. TLD badges may not be removed from lab coats and placed on

work surfaces or on radioactive _ sources or materials at any time.

5. TLD badges will be collected, and new badges issued, on a quarterly

basis by the Environmental Chemist.

6. TLD badges will be returned to the manufacturer for readout.

7. The manufacturer's TLD readout service will provide a quarterly

Radiation Exposure Report on an NRC form 5 or other approved form.

(-
-

J. BI0 ASSAY SAMPLES
,

1. Laboratory personnel will be required to submit a urine sample to
'

the Environmental Chemist on a quarterly basis. The urine will be

analyzed for gross alpha and gross beta minus K-40.

2. In the event of suspected contamination, additional urine samples

may be requested by the Environmental Chemist.

K. WASTE DISPOSAL PROCEDURES

1. All solid radioactive waste, such as planchettes after analysis,

shall be placed in the radioactive storage cabinet. The lid to

the disposal container shall be kept closed.

,.

,

-
-

. - _- , - .. . .



f 1

Section Name Environmental / Radiation

Policy / Procedure 6.1.A.45.0

Page 9 of 9

- Date Issued April 1,1981

Supersedes . ,. New,

APPROVED / dI [
4- IV-

2. Any spillage 4 radioactive waste shall be reported to the

Environmental Chemist innediately. The Environmental Chemist

will direct containment and decontamination.

3. Liquid wastes, generated during analysis, may t,a disposed of

through the laboratory sinks into the laboratory sewer system

using large volumes of running water.

4. The liquid sample remaining after the determination of Ra 226

by Radon deemanation shall be evaporated to dryness in the
7

i) radioisotope. fume hood and disposed of as solid waste.

5. The solidwaste container will be checked for external contamination,

decontaminated if necessary, transported to the mill tailings pit,

and the contents buried on a monthly basis under the direct

supervision of the Environmental / Radiation Department Manager or

the Environmental Chemist.

L. EMERGENCY PROCEDURES

Emergency procedures are specified in the Laboratory Safety Ma'1ual.

M. RECEIPT OF PACKAGES CONTAINING RADI0 ACTIVE MATERIALS

Receipt of packages is covered under section D of this manual. All

.

documentation will be maintained by the Environmental Chemist.

.)
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A. ALL RADI0 CHEMICAL PROCEDURES

' Tennessee Valley Authority, Division of Environmental Planning

Radiological Health Branch, Radioanalytical Laboratory Procedures.

U. S. Atomic Energy Commission, Health and Safety Laboratory,

HASL Procedure Manual, 1972 Edition. HASL-300.

('i U. S. Environmental Protection Agency, Environmental Monitoringv
and Support Laboratory. Radiochemical Analytical Procedures for

Analysis of Environmental Samples, March, 1979. EMSL-LV-0539-17.

U. S. Environmental Protection Agency, Technical Support Laboratory,

National Environmental Research Center. Handbook of Radiochemical

Analytical ~ Methods.

.

B. TRACE ELEMENT ANALYSIS

Federal Register, Volume 44 No. 233, Monday, December 3, 1979,

Appendix IV. Inductively Coupled Plasma Optical Emission

Spectrometric Method for Trace Element Analysis of Water and Wastes.

rm
_) C. ALL OT|iER WATER QUALITY ANALYSES

'

U. S. Environmental Protection-Agnecy, Environmental Monitoring and

I
'

_._________ _ _
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Support Laboratory. Methods for Chemical Analysis of Water and

Wastes. March, 1979. EPA-600/4-79-020.

APHA-AWWA-WPCF. Standard Methods for the Examination of Water

and Waste Water, 14th Edition, 1975.

(
.
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6.1.A.47.0 INSTRUMENT OPERATOR'S MANUALS .

A. PURPOSE

To provide documentation of the proper operation of the instru-

ments currently in the laboratory.

B.- SCOPE

These operator's manuals are applicable to the soecified instru-

ments and to the uses required by the analytical procedures.

b
C. RESPONSIBILITIES

It is the responsibility of the Invironmental Chemist to ensure

that the operating procedures contained in the instrument opera-

tor's manuals are followed by the analyst and .to evaluate the

analytical results. It is the responsibility of the analyst to,

follow the procedures and report any abnormal results to the

Environmental Chemist.

D. APPENDICES

The following operation manuals for each applicdble instrument

are provided in the appendices:

A
\_/

-. . ... - - . . . -. . - - . . - . . . .
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1. Appendix 46.0.0 - Canberra Model 2200.. Low _ Level. Alpha / Beta

Counting System Operator's Manual

2. Appendix 46.0.1 - Nuclear Measurements Corporation Proportional

Counter Operator's Manual

3. Appendix 46.0.2 - Canberra Model 8100 Aloha Spectrometer

Operator's Manual

4. Appendix 46.0-s - Ludlum Measurements, Inc. Model 2000 Por-

. table Scaler Operator's Manualq
~

5. Appendix 46.0.4 - Eberline Instrument Corporation Model MS-3-'

Single Channel Scaler 0perator's Manual

6. Appendix 46.0.5 - Jarrell-Ash Model 850 Atomcomp Inductively

Coupled Argon Plasma Operator's Manual

7. Appendix 46.0.6 - Bausch and Lomb Model 2000 Spectrophoto-

meter.0perator's Manual

8. Appendix 46.0.7 - Crion Research Corporation Model 701A
'

Digital pH/mv Meter Operator's Manual

.

.
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APPENDIX 2.3.0
.

OPERATING MANUAL PASSIVE RAD 0N MONITORS

4
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(Vn) WARRANTY EDA PRODUCTS 1.INE

EDA Instrument- Inc.. aarrants all manufactured EDA Instruments ine. is a leading designer and
equipment agams: defeetne material and workmanship manutseturer of geophysical instruments and micro-
for a period of one year from date of shipment. In the procewor-controlled >siems. The company specializes
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SECTION 1
.

,
GENERAL.INFORMATION-

1.1 SCOPE OF MANUAL -

This manual describes the RDT-310 Passive Radon Monitor manuf actured
by EDA Instruments Inc., Toronto, Canada. The information is
provided for personnel responsible for operation of the unit.

1.2 PURPOSE OF UNIT

Radon gas is a contaminant in ambient air, which decays radioactivity
by alpha emission. It occurs particuarly in areas of higher natural
radioactivity, near uranium and phosphate mining and processing
plants and also ,in the vicinity of coal-fired power plants.

The RDr-310 monitor provides a simple technique for measuring low
radon levels over relatively long periods (ie, up to one month).
This period ensures integration of temporal variations. The monitors

rm are used to determine remedial programs or to study long-term bio-
(,/ physical effects. Typical applications include:

(a) Monitoring total radon exposure levels in residential and
industrial environments. '

(b) Local and regional baseline surveys of both natural and man-
made radon concentrations.

(c) Time and space perturbation studies.

The unit design is based on current TLD (Thermoluminescent dosimeter)
technology. Units are used extensively to monitor hostile as well as
indoor environments which are contaminated by radon to ensure that
the radon exposure levels do not exceed those established by
government agencies.

Table 1-1 provides a technical sumary for this module.
;
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SPECIFICATIONS TABLE l-l

Technique Diffusion of radon through a desiccant
bed and subsequent Electrostatic
collection of short-lived Radon
daughters on thennoluminscent chip and
subsequent registration of resulting
alpha activity.

Detector LiF, 0.125"x0.125"x0.015"(3.18x3.18x-

, 0.38mm) Harshaw TLD. Other chips
including CaF:Dy may be used.

Interior Filter- Whatman' # 41

- Detection Limit 0.03 pCi/1/ week

- Sensitive Volume' 1.68 litres

; - Det'ector Response - alpha; For LiF, 7.8+0. 3 counts /pci hour /1
gamma .03T counts / R/h per hour-

() - Electrostatic Field ' 900 V DC

| Power Supply Three Eveready Mini-Max No. 493. Shock
j protec ted .
; .

| Battery Life Normal shelf life in excess of one year
! Temperature Range Below 10*C to above 30"C

| - Desiccant 1.6kg activated silica gel, depth 67mm
j (2.6").

Response Time 5 hours with Whatman ( 41 Filter
Humidity Range 0-80% RH for extended periods

2 2' Effective Diffusion Area 324cm (50in )

Weights & Dimensions Monitor 4.5kg (9.91b)
250mm diameter x 350mm (91 x 141")

' Shipping' 6.lkg (13.41b)
!

| 355x?55x480mm (14"x14"x19")
|

| Standard System Monitor complete with Batteries, Silica*

Gel, special shipping. carton and
Instruction Manual. TLD Chips
available on request.

|

O
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Options & Accessories RDX-836 Spare TLD Holders complete with
electrode
RDX-727 Battery Set (3) ,

RDX-308 Spare Desiccant Chamber
RDX-826 Battery Tester
- Replacement Silica Gel Desiccant,

1.6 kg -

-20cm Whatman #41 filter-

O
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DESCRIPTION

2.1 FHvh CAL DESCRIPTION

The RDr-310 is a portable, self-contained unit which operates from
internal batteries. The unit is shown diagrammatically in Figure
2-1. It consists of two functional asemblies: an upper, stocky,
cylindrical chamber, commonly referred to as the " top hat" and a
lower base cyliner which contains the high voltage batteries and the-

*

two TLD (thermoluminescent dosimeter) chips.

2.2 UPPER CHAMBER

This upper compartment basically contains the silica gel desiccant
that dries the ambient air to 0% relative humidity. This ind icator-
quality desiccant is kept in place by two perforated brass screens,
in the top and base of this chamber. The bottom brass screen is

| sealed with a special high temperature asket to facilitate drying of
the silica gel.

2.3 TLD CHIP HOLDER

The TLD chip is mounte~d onto a brass pin tha t has been inserted
inside a black rubber stopper. The well in which this chip is
mounted is encircled with a white plastic housing that sec ures the
chip's position.

2.4 CHIP DETECTOR

The TLD chip is a square wafer with the dimensions 3mm x 3mm. The
thickness will vary depending upon the type and specific application.

2.5 BACKGROUND CONTROL CHIP

A background control chip is housed inside a small vial tha t is
mounted onto the underside of a triangular plexiglass plate in the

I base section of the monitor.

| 2.6 BASE SECTION

The base section contains three 300-volt batteries and a metallic
funnel-shaped construction, designed to channel radon and radon
daughter isotopes toward the TLD chip (securely mounted onto the
rubber stopper).

O
\._/
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Sgure 2-1 RDT-3tO, Sectional Diagram
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A ~ perforated brass filter plus a Whatman #41 filter tops the base
section of the monitor to clear the ambient air of all aerosol and
particular matter.

By simply tightening the base screw on the underside of the base
plate, insures that all the internal workings are securely in place.

'

.

2.7 ELECTRICAL CIRCUIT

The three batteries are connec ted in series to provide a source of
900 V DC. The positive terminal (right-hand banana clip) of one*

| battery is connected to the negative terminal of the next sequential
; battery, with a small lead wire.

.Each battery has its own bracket mount, designed to prevent
' accidental polarity reversals and unexpected contact with the battery

| terminals during installi fon. These battery holders also eliminate
unnecessary handling of e interconnecting battery cables . Safety
precautions have been af t., Led by a safety interlock and an in-series

!
'

10 megohm resistor. .

At. soon as the batteries are installed, the unit is operational.

n
! v 2,'d PRINCIPLES OF OPERATION

i The battery circuit produces an electrostatic field within the lower
chamber forming the effective sensitive volume.

When the unit is placed in the- area to be monitored, the radon
7

! present in the atmospheric surroundings, is passed down (by

! diffusion) through a bed of silica gel desiccant. Here, the air is
. dried to 0 % relative humidity. Over extended sampling period s , the
air can be ef fectively desiccated in areas up to 85% humidity. The

! radon gas is then cleaned of all. foreign matter as it passed down
through the Whatman #41 filter (which separates the upper from the
bottom segment of the unit) .

.Upon entering the sensitive lower chamber, the radon disintegrates
producing positive 218 o ions (Radium-A). Due to the strong 900P
volt electrostatic field, created by the three 300-volt batteries,
.the 218 o ions are drawn toward the TLD chip. Since the TLDP
chip is held at a negative potential (recall the section 2.7 on

i electrical circuit), each 218Po ion breaks down into an alpha
particle. Each of these, in turn, impart their energies (metastable
electrons) onto the molecular structure of the chip. These chips can

i be either a highly-sensitive dysprosium-doped calcium fluoride chip
or a less sensi tive, but more stable lithium fluoride chip.

3(J
t
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In the decay process and from terrestrial and cosmic sources, 7amma
rays are 'also detected by the chip. A gamma control chip, mounted in
the plexiglass - plate, detects. only the gamma radiation. Therefore,

when the chip contamination has been analyzed, the count from the-
control chip is subtracted from the count of the alpha chtp.
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SECTION 3

RADON MONITORING OPERATIONS

3.1 MONITORING CYCLE -

A typical monitoring cycle consists of the following stages:
*

(a) Installation of TLD and control chips in unit.

(b) Exposure.

(c) Removal of chips and shipment.

(d) Processing chips and de-activation.

3.2' CHIP INSTALLATION

The chips are very fragile, transparent and easily contaminated with
! dirt. When the chips are installed in the holder, certain handling

| ] precautions must be observed.
|

(a)' Do not touch the chip. Skin oils can contaminate the surface.'

!

| (b) When inserting the chips in the holder, use a , suction device for
handling.

.

(c) Do not drop the chip or cause any violent impact.

3.3 EXPOSURE

The monitoring method requires exposure of the chips to the air
sample for an ex tended period so that c. integrated value can be
ob tained . This period should be between one and two weeks. The
activated chip should then be processed within one week af ter removal
to obtain a valid value.

.

3.4 REMOVAL OF CHIPS AND SHIPMENTS

It is important to identify the face of the chip which is adjacent to
the mylar (ie, the exposed face). This presents some difficulty
because of the minute dimensions. One solution is ' to use the holder
as the ' transportation device. In this mod e , the chips remain
und isturbed . However, it is imperatit to protect the mylar tip and
silver paint conducting surface.

.
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(a) Loosen the base plate screw' and lif t open the hinged base of the
monitor.

(b)- -Disconnect the red battery lead from its terminal, lif t the
triangular plexiglass plate, and remove the other half of the
lead (black) from the brass pin. -

Remove the rubber stopper and obtain the TLD chip f rom its
(c) . ' positioning well.

The TLD and. control chips must be shipped together, expecially if air
transport 'is used, . so that they are exposed equally to ambient gamre
radiation.

Install the new chips using the reverse sequence.

3.5. CHIP PROCESSING AND DE-ACTIVATION

The activated chips are proces' sed -in a reader to determine the
accumulation- of alpha particles. Conventional readers include

: Harshaw Model 2000 and 3000 Thermoluminescent Dosimetry Systems. The

Q. ' general procedure is as follows:

(a) The chip is cleaned. Then it is placed in the processor and
annealed for 45 minutes at low temperature.

(b) The temperature is increased from 130*C to 250*C at a rate of
i 15'C per second. During this period, the activity is read and
L integrated to give a total count in nanocoulombs.
I'
| (c) .The chip is then annealed again, but at a temperature of 450*C.
|- This de-activates the chip to wipe the memory clean.
!

'(d) The activity is calculated by subtracting the background count
from the total TLD count.

. i

|-
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SECTION 4

MAINTENANCE

>

4.1 INTRODUCTION *

The monitor is passive, therefore, maintenance is minimal.
'~

4.2 BATTE'RY CONDITION

The condition of the batteries is checked using an RDX-827 battery
tester, Figure 4-1.

(a) Remove the ' chip holder (rubber stopper) f rom the unit.

(b) Insert the " dipstick" into the orifice until it contacts the
base. The positive and negative terminals of the batteries,
connected in series, are then connected across the tester.

(c) When the remaining battery power has dropped to 800 V, change
3 the batteries.(J

4.3 BATTERY REPLACEMENT

Renew all four batteries simultaneously. Proceed as follows:

(a) Invert the unit. Loosen the base retaining screw and open the
hinged base plate.

(b) Disconnect negative battery cable that goes to TLD chip holder.
Lif t off the triangular plexiglass plate. Remove the other end
of the negative lead wire attached to brass pin and remove
plexiglass assembly entirely.

( c) Simply detach the batteries from their banana clips and lif t
out.

(d) Replace with new batteries.

4.4 CALIBRATION OF TLD

Thermoluminescent dosimeters are not absolute radiation detectors.
There is -no way to relate directly to the thermoluminescence released
from an irradiated sample to. the amount of radiation exposure or to
the radiation dose received by the dosimeter material. Consequently

()
.
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all TLD systems must be calibrated by exposing the dosimeter to known
amounts of radiation, .and the accuracy of the overall result can be
no better than the accuracy of the calibration. The procedure used

'

for calibration of a dosimeter depends upon the type of measurement
to be made. The chip should be irradiated so that the TD response is
related to the exposure.

For greatest calibration accuracy 'of the chip, the radioactive source -
used in - the laboratory for this purpose should be the same as the
source to be monitored in the - field . Otherwise , a correction must be

. made- for the possible difference in energy response of the chip
- between the sources.

4.5 DESICCANT CONDITION

- Saturation' of the crystals is indicated by a colour change from blue
to white or clear. For highest efficiency, either renew the crystals
or heat them in a laboratory or residential oven to remove the
- moisture.
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| APPENDIX 1

TLD CHIP DATA

ail THERMOLL'MINESENCE
The term * glow cune' refers to the graph of thermo.

Thermoluminescence is the release of light in a luminewenee as a function of either temperature or

| .I crystalline material as the material is heated. Perfect time. Usually it refers to the time function.
crystals do not exhibit thermoluminneence, because it is

g
,

dependent upon trace quantities of impurities locked The glow eune of a TLD as a function el time
within the lattice structure of the crystals. When such an probably best characterizes the chip. For example, thet

! E imperfect crystal is exposed to some form of external appearance of glow peaks only at low temperatures
radiation, electrons of the atoms forming the lattice implies that the chip loses its stored TL wi:h time, and

; capture enough energy to become displaced from their therefore uould be unsuitable for long-term
'

shells. In this higher energy state, the free electrons measurements. A glow curve wuh peaks at ,ery high
diffuse through the crystal until they are captured and temperatures indicates a chip which will produce
held more strongly by the atoms of the impurities. This mfrared radiation at the 'emperature necewr> to

I phenomenon is referred to as a trap. The grcater the relea>e the TL. This causes special instrumentation
radiation do> age, the more free electrons are produced problem 3. A cion cune without well defined peaks
and greater becomes the number of filled traps. Heating makes the selection of the appropriate end reint for
the crystal at a later time releases the extra kinetic integration difficult. Ideall> then, a glow cune houldI energy stored in the trapped electrons, and for certain rescal only a single thermoluminescent peak whichg

traps, the excess energy is liberated as light. occurs at a temperature high enough to insure room
I temperature stability, but not so high as to present
J The light released is proportional to the previous instrument problems.
[ radiation dosage received by the material. Also,

thermoluminescence responds to the total dosage For routine uses of TLD,it is generally not necessar)
] through time. Therefore, thermoluminescence can be a to record glow curves. It is, howeser, consenient to
> much more sensitive radation indicator than a produce glow curves for initial screening of the chips
| scintillation counter. Once the light is produced, the obtained from the manufacturer, and also for situations
jg previous radiation history of the material is erased when changes in the TLD are suspected.
'g because thermal e> cling performs a destructive readout

of the past history of the sample. Iri this way, the The following factors may effect the shape of a glow
,

thermoluminescent material can be re-used repeatedly curve:
S with little loss of sensitivity.
@ (a) The heating rate and its uniformity.

There are many materials available commercially

}4g
which exhibit thermoluminescence. They include: (b) The size, shape and thermal c:onductisity of the

i CaSo4:Mn Li;B 0 :Mn and CaF :Dy. Allof theseare sample. '

4 7 2
used in dosimetry, and generally are referred to as ,

thermoluminescent dosimeters, or TLDs. (c) The recording instrument used.

*
(d) The lesel of exposure.

Al-2 TLD CHARACTERISTICS
f

~

(e) The type of radiation.
$ Thermoluminescent sensitisity may be defined as the

amount of light released by the TLD per unit of (f) The radiation and annealing history of the
: g radiation esposure. The lower limit of useful sensitivity sample and spurious effects.
yq depends upon the characteristics of the chip and of the !
| TLD recder. The upper limit of the useful range is

!
| generally limited by the TLD alone. Al3 INSTRUMENTA110N

'

fC While many radiation detectors show a change in The instrumentation which is needed to obsene i
! response as a function of dose rate TLDs in general are thermoluminescence is basically sery simple: A method *

linear over the full useful exposure range. to heat the TLD. and an instrument to detect the

'mmn:me n , no om im Al-l
4a f[g
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emitted thermoluminescence. Therefore, all TLD (d) Power supply.
O reading instruments consist of the following basic

components. These features are incorporated in most (e) Readout.
TLD readers that are asailable commercially:

Spurious lyminescence within the TLD reader can
(a) Heating and temperature control unit. produce a significant error in TLD measurement. Most

(b) Mechanical arrangement for positiornag the of the spurious luminescence is caused by oxygen in the

phosphor on a heating pan into a dark chamber. air. Consequently, most TLD readers are capable of
making measurements in a nitrogen atmosphere. This

(c) Luminescence detector with optical filters. technique is .eferred to as ' nitrogen quenching *.
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Applicafions
With the rising public and medical con- f
com for the elfects of radon andits I

immediate series of daughterisotopes, hI. k{f
* ~

a practicalmeans of conductinglong hy
-- = ,.;= 5 ' Aterm integrated measurerr,ents was

(,_<- % _ T'II
'

ferequired. The RDT 3;0 alsne crin con-
~'1junction with other integrating devices ' .s

provides essential data on radon con. hhMICY Y "W d-

centrations in a variety of environments. D 1 J.Y~%-
'; Various monitoring applications are: M@ Wfh . Os . -

'*' ~

?.''. SO in the vicinity of uranium and ,

- Q f 'f (
p 4% d('f;m.phosphate tailings dumps.

'.,i'q-O Pre-remedial studies at abandoned
radium and uranium procesting K, y gh, ,

plants.
-

*' y ;. g , ~g gf ,
R{)

,
.

O in proximity to uranium, phosphate 9 72 4
'

%

' , J4 y ... a.
*

4.fand coal stockpiles.
"

O Within residential areas including r :; .; c . 4,<~ ~ ~ '

"' 3 & 1in home sites. -

O Around coal fired power plants. NO-
' 5

/~'S geothermalareas and naturalgas 'T d
() processing facilities, s.d(

, ; y
,,

$ MO Inside buildings conciructed of .c -.

materla; such as granites which k.' 7 W,
.

d
* 4

emanate radon. M.3% CE '

E '%'?#
N

^"
'"YP

]h
O Studies of radon build-up resulting e., .

from energy conservation measures.

f@.
'.

h. O^'TO Pre-mining baseline studies.
c.[

'~
O General population exposure

studies. g Z. '*

1Description .S $ -

'' N ?'The RDT 310is a practical adaptation of
proven techniques and designs ori- - ' f,4 .

. ..

ginating at New York University and m.?
,.

.y, - ,'
-

W - . s '''' EM 'improved by the Environmental ' ~
. . -4.g,[''Measurements Laboratoryof the U.S.

Department of Enegy. its operati; n is
simple and straight forward. Radon t

presentin the ambient atmosphere
passes down by dif fusion, through a in order to check the level of back- added to the original design. The
bed of indicator-quality silica gel and ground gamma radiation, a control chip entire containeris suited for use in wet t

a single filter \vhere it is desiccated to is used.This control chip is housed hostile environments yet it may be !
0% relative humicQy and cleared of all inside a small vial which is mounted placed in homes where it blends i

aerosol and particulates. It then enters onto a triangular plexiglass plate in inconspicuously and inof fensively
*

the sensitive chamber where it disin- the base of the unit. with most furnithings. Access to the
Itegrates producing positive 8 Po ions chip and the power supply is rcstricted

(Rac.um A).Under the strong] influenceAfter a period of time,the chip complete by using special fastaners requiring a tw th holder is removed, along with theof a900 Volt electrostatic field,the standard key. rurther security may |gamma control chip, and sent to a be added if desired by using padlocks j**Po ion is immediately drawn to- centrallocation for analysis in aO ward aTLD(thermoluminescent standard Ti.D reader. The resulting data is standard to the RDT-310. Protection ,
, r wired clips on tha lock tab which

dosimeter) chip held at a negative in nanocoulombs,is simply converted |v
against high voltage shock is af forded tpotential. There, each 2*Po ion using calibration curves to units of by a safety interlock and an in series ;resicas untilit,in turn, disintegrates radon concentration,

producing an alpha particle. Each 10 megohm resistor. All wiring is rated i

alpha particle striking the TLD chip Physically, the RDT-310 is well designed at 5000 V DC.The des gn of the battery i
imparts its energy to the crystalline and constructed with dimensions holder prevents accidental polarity i

molecularstructureof thechipin the optimized for ef fMiency, elfectiveness reversals and unt xpected contact with !
on6 Simgligi}L_fiarptfeatures have been the battery / terminals during installa _ t
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| Passive Environmental Radon Monitor

!O
i

!

tion. The battery holders also climinate The entire assemblyis convenience O Reuseable Silica Get desiccantin
handling of the interconnecting battery orfented and requires only occasional top canistermay be reactivat3d at

| Cables. maintenance, r :ch as checking the temperatures up to 260 C.
J

, The top desiccant chamber contain- battery supply, changing the chips or D Suitable forin rpine and residential
ing the silica tal has an integral replacing the desiccant. installations.

j viring / filling port. The entire chamber ] Secure against unauthorized entry.Fe1tures
| oasily detaches and all components are

Inte9 rates radon concentration for C Built-in high voltage safety~

| r;ted to withstand temperatures up to interlock-
! 260oC (500eF) for prolonged periods. up to one month.

_: Backed by EDA's technical and

-

This allows the operator to reactivate Z High sensitivity,0.03 pCi/l/ week
the desiccant quickly and easilyin a with LIF. service staf,f.-

. home or laboratory oven. Alternatively, C Usesanyof avarietyof reuseable
i the desiccant may easily be removed TLD materials.

,
' and fresh sliica get introduced. O Simple, reliable and inexpensive.

. .

Specifications -

Technique Dif fusion of radon through a desiccant bed and subsequent Electrostatic
,

i collection of short-lived Radon daughters on thermoluminscent chip and
subsequent registration of resulting alpha activity,

itector LiF, 0.125" x 0.125" x 0.015"(3.18 x 3.18 x 0.38mm) Harshaw TLD. Oiner chips

q including CaF: Dy may be used.

! Cterior Filter Whatrir 141
! Detection Limit 0.03 pCill/ week.

Sensitive Volume 1.68 litres

Deisctor Response-alpha For LiF,7.8 0.3 counts /pCi hour /1 .

i -gamma .036 counts /jiR/h per hog )
Electrostatic Field 900 V DC. ||

Pow;r Supp!y Three F 'eready Mini-Max No. 493. Shock protected.

Battery Life Not . ; shelf life in excess of one year
Temperatum Range Below 10eC to above 30eC.
Desiccant 1.6kg activated silica gel, depth 67mm (2.G").
Responte Time 5 hours with Whatman 141 Filter
Humidity Range 0-80% RH for extended periods.

Effective Dif fusion Area 324cm'(50in'). ,

Wilghts and Dimensions Monitor 4.5kg (9.91b) |
250mm diameter y 350mm(9%"x14W") i

Shipping 6.1kg (13.41b)
J

; 355 x 355 x 480mm (14" x 14"x 19"). -

Standard System Monitor complete with Batteries, Silica Gel, special shipping carton and
instruction Manual.TLD Chips avalf able on request.

Options and Accessories RDX 836 Spare TLD Holders complete with electrode
RDX.727 Battery Set (3)
RDT-308 Spare Desiccant Chamber
RDX.826 Battery Tester

-Replacement Silica Gel Desiccant,1.6 kg.
g -20cm Whatman i41 filter
V

EDA Instrun*cnts Inc., He30 Off ace: 1 Thornctiff e Park Dnve. Toronto. Canada. M4H 1G9
,

Teu phone: (4161425 7800. Telex: 06 23222 EDA tor. Cables: lNSTRu MENTS TORONTO!' -

in USA. EDA Instrumen's inC4 5151 ward Road. Wheat Ridge, Colorado 80033
- - . .. .. .- -. . .--. .. . - . .
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OPERATING INSTRUCTIONS
|

LUDLUM MODEL 19 SCINTILLOMETER
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INSTRUCTION MANUAL

MODEL 19 MICR0 R METER(,)\%.

1. INTRODUCTION
'

The Ludlum Model 19 Micro R Meter: utilizes an intsrnally mounted 1" x 1"
RaI(Tl), scintillator to offer an optimum performance in counting low

-

level gamma radiation. Designed to be moisture and dust resistant, con-
' veniences are not overlooked as the unit features a push button lighted

meter.

Five range divisions. are provided to select the most . desirable range in
the 0-50JO micro R/Hr spectrum. The meter face is made up of two scales
0-50 and 0-25, plus two scales for the battery test. The 0-50 scale
corresponds to the 50, 500 and 5000 positions on the range selector switch.-

The 0-25 sedle corresponds to the 25 and 250 positions on the range se-
lector switch.

The instrument is capable of using either the standard carbon zine battery
or the nickel cadmium rechargeable battery. However, the Model 19 does
not include cire,uitry for recharging the batteries. The BAT. TEST scales

, are marked to indicate 0%, 50%, and 70-100% charge (solid green area).

Designed to provide the monitor with the electronic capability generally
associated with fixed laboratory devices, this unit. incorporates design
features such as -- Non overloading linear amplifier -- Wide pulse ampli-

~

(_)S tude discrimination range -- Negative feedback stabilization -- Tempera-
ture compensation -- Regulated power supply -- Elimination ^of marginal
circuits, component selection, critical adjustments - and Fully transis-
torized. .

'
.

All controls, including a calibration potentiometer for each range, are
located on the front panel. Two "D" cell batterie; are located in an iso-
lated compartment, and easily changed from the front panel. The meter is
housed in a rugged, two piece aluminum bezel with an "0" ring seal.

1.1 SPECIFICATIONS
|

| Linearity: Plus or minus 5% of full scale.

Input Impedance: 0.1 Megolan

' High Voltage: Variable from 400 to 1500 volts DC electronically
regulated to within -l%

Calibration Stability: Less than 15% variance to battery.end point.

Battery: Exceeds 100 hours when using standard flashlight "D" cells.
RM-42R Mercury cells or nickel cadmium cells are directly
interchangeable.p

Audio output: Unit is furnished with built-in unimorph speaker, ON-OFF
switch provided on front panel.

.
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LODLW MODEL 19 MICR0 R METER

1.1 SPECIFICATIONS, cont'd
~

Battery Complement: Two standard size "D" cell batteries, secured with
; screws and a gasket for dust and moisture proofing.
!

Counting Ranges: Two scale (and two color) meter face presenting 0-50-

Micro R/Hr in black with full scale range positions+

of 15000, X500, and X50; and, in red, 0-25 Micro R/Hr.
.

,

with range selections of X250 and X25.

'Nater: 50 micro-amp, 2 1/2" diameter, taut-band suspension.

Detector: .An RCA 6199 coupled to a 1" x 1" NaI(TI) mounted inside the
instrument housing.

.

Finish: Instrument housing is of drawn and cast aluminum fabrication
with brown epoxy paint and silk screened nomenclature. Switches
are rubber booted.

I
. Size: 6.4 x 3.5 x 7.0 inches (H x W x L exclusive of handle).
,

Weight: 4.5 lbs.

1.2 DESCRIPTION OF CONTROLS AND FUNCTIONS

O *

OFF-RANGE SELECTOR SWITCH: A six' position switch for turning the in-,

strument OFF or selecting one of 5 counting ranges.

AUDIO ON-OFF TOGGLE SWITCH: The aidio .ON-OFV only controls the audio
speaker output.

| FAST-SLOW TOGGLE SWITCH: Selects reaction time of meter. In "F"
[ Position, full scale deflection requires 3 seconds. In "S" position,

11 seconds is required.!

I

BATTERY PUSH BUTTON SWITCH: When range selector is out of the OFF
Position, depressing the BAT switch indicates battery charge status
on the meter. The appropriate BAT test scale should be used depending
upon the type of batteries installed.

.

RESET: Push button switch provides a rapid means to reset meter from
ara overextending meter deflection. Depressing the "RES" button grounds
the meter and causes the needle to return to zero position.

-

LIGHT PUSH BUTTON SWITCH: Depressing "L" button lights the meter face.

BIGHVbLTAGESCREWDRIVERADJUST: Adjusts the high voltage from 400
to 1500 volts.

RANGE CALIBRATION SCREW DRIVER ADJUSTS (5): Provides means to cali-
brate each range.

. .
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IAIDLUM HODEL 19 MICR0 R METER

2. OPERATING PROCEDURES

O
The Model 19 is a simple instrument to operate. All controls and ad-
justments are located on the front panel along with the battery com-
partment. The 1" x 1" NaI(Tl) Ccint111ator is mounted internally
deleting external cords or cables. The instrument is set at the factory
for 60 KEV cut-off. If recalibration is required, refer to calibration

. procedures.
.

.

2.1 FRIOR TO TUFN-ON. '

1. Check batteries - type installed and no corrosion,

.

-
,

2. Audio On-Off switch - as desired

3. Meter response switch- as desired.

2.2 TURN-ON ~
'

.
.

1. Ranga Selector. Switch - Select 0-5000 range.

2. BAT Test Button - d'epressed.
Check BAT test on appropriate scale. F.eplace batteries if meter
pointer is below the solid green area.

3. LightButton - Depressed. Check for light on meter face.

4. Meter Response Switch - Check "F" and "S" positione.

5. Audio 02-Off Switch - Check for audio indication.

6. Check instrument for proper scale indication with known source.
Check all ranges for appropriate scale indicatio -

7. Reset Button - Depressed. Check meter pointer returns to zero position.
-

8. Instrument ready for monitoring.

3. CALIBRATION

Calibrating the Model 19 requires some knowledge of pulser test equip-
ment. The container must be removed from the rest of the instrument
before calibrating.. Unsnap the two latches and lift the front panel
and the rest af the instrument out of the container. Disconnect the
detector high voltage lead (white wire) from the circuit board and connect
the pulser in its place. The following calibration procedure is used at
the factory to set a 60 KEV cut-off, which results in the same scale
preser tation for energies above 60 KEV.

The input pulse to the Model 19 from the pulser should be a negative
40 MV pulse, five Asecond in duration with a lgsecond rise time or
less and a tail of 10-20xsecond.

.

.
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.

3. CALIBRATION, cont'dn

b
The instrument is first calibrated in counts per mir.ute (CPM) on the.-

0-5000 and 0-500' ranges. This is accomplished by supplying 400,000
CFM and 40,000 CPM respectively from the pulser and calibrating on the
40 mark on the meter face. AM-241 is used to provide the 60 KEV energy.
The high voltage is ad' usted until the meter no longer increases with anj

increase of high voltage (just on the plateau). The reter indication
is read as CPM and divided by five which provides a calibration point
for the 0-500 scale. The appropriate CPM is supplied by the pulser to
calibrate the 0-500 scale.

To calibrate the rest of the ranges, the same technique is usede. After-
the 0-500 range is calibrated, the 0-250 range is selected and calibrated
to the appropriate mark. The pulser is then switched one decade lower
and the 0-25 range is selected and calibrated. The 0-50 scale is then
selected and calibrated using the 0-25 CPM value.

Some non-linearity exists in the instrument, therefore, a calibration of
actual micro R/Hr vs, 7eter indication from the calibration range is
provided for reference.

. Example:
,

1. Remove container
2. Disconnect selector high voltage lead from circuit board.

3

s_/ 3. Connect pulser to circuit board (where detector. lead was

disconnected).
4. Turn on instrument and pulser. *

5. Select 0-5000 range.
6. With 400,000 CPM input, calibrate range at 40 scale mark.
7. Decrease one decade (40,000) on pulser and select 0-500

range. Calibrate range on 40 scale mark.

! 8. Turn-off instrument and pulser.
! 9. Disconnect the pulser and reconnect the internal detector.

10. Replace container and turn-on instrument.
11. Place AM-241 source on front of container.
12. Adjust high voltage until meter indication "just" on the plateau.

| Using the 10 mark as an example corresponds to 100,000 CPM.
13. Remove container and reconnect pulser to instrument.
14. Dividing C?M (100,000) by 5 = 20,000 CPM.

. 15. Select and calibrate the 0-500 range at the 20 scale mark with
- a 20,000 CPM input.

16. Select 0-250 range. Calibrate on the 20 scale mark (red scale)
17. Decrease pulser one decade (2000 CPM).
18. Select 0-25 range (red scale). Calibrate on the 20 scale mark.
19.

| _, , _,
Select 0-50 range (black scale). Calibrate on the 20 scale mark.,

This completes the calibration proced tre. '

O
i

. . _ _ _ _ _ ___ __.. . _ , . - . _ _ _ _ . . _ , . _ . _ , , . _ . _ - , . _ _ . - ~..m._,___ . . . - - . . "
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LUDLUM MODEL 19 MICRO R METER

4. MAINTENANCE

Instrument maintenance consists of keeping the instrument clean,
periodic battery and calibration maintenance.

An instrument calibration check should be performed as required to keep
the instrument in proper working order. Normally recalibration should
not be required if the batteries are maintaineidin good cond:Ltion.,

At three month intervals, the batteries should be removed and the
battsry contacts cleaned of any corrosion. If the instrument has been
exposed to very dusty or corrosive atmosphere, more frequent batteryservicing should be used.

Use a spanner wrench to unscrew the battery contact insulation, expos-
ing the 1nternal contacts and battery spring. Removing the handle.will
facilitate access to these contacts.

_ NOTE: Never store instrument over 30 days without removing batteries.
Although the in,strument will operate at very high ambient temperatures,
hattery. seal failure can occur at temperatures as low as 100 F.
Neglected battery seal failure can cause excessive corrosion and render
the instrument inoperativo.

.
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APPENDIX 2.8.0

METHODS FOR CALCULATION OF PA.~7ICULATES AND CALIBRATION

O

|

|

!
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0)v SYMBOLS AND NOMENCLATURE
<

Symbols that are used throughout this paper and their
definitions are given here. Those symbols used only in one section
of the report are defined when they are used. Subscripts and/or
superscripts are employed to differentiate between specific
situations.

Pressure drop across the secondary calibration deviceAH =

(i.e., orifice calibration unit or reference flow
device), in H 0.2

Flow rate indication (rotameter reading or pressureI =

transducer recording) arbitrary scale.

Barometric pressure as read from a barometer, mmHg.P =
a

Standard absolute pressure, 760 mmHg (29.92 in. Hg).Pstd =

Flow rate that would occur at standard referenceQr =

conditions of 298 K (250C) and 760 mmHg for a specific
- pressure indication ( AH or I) observed at any

temperature and pressure.
l

The rate of flow of a standard volume.Qstd =
,

O- aTotai suspended particuiates, u9/m .TS, =

Ambient temperature, K. (2730 + ambient temp. OC)Ta
=

.

Standard temperature, 298 K (250C).Tstd =

~ Time the hi vol sampler is in operation, minutes.t =

Orifice unit equation:

bQr = a AH
Constants a and b are determined from EPA Region VIII
orifice calibration data.

Hi vol sampler regression equation:

Qr = aI + b,

Constants a and b are determined from hi vol samplere
calibration data. Constant a is equivalent to slope and.

b to the intercept. Y,

y(3

,
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!!. Calibration of High Volume Sampler 1
].

The hi vol sampler calibration procedure requires only the
measurement of the following: (1) the pressure drop across the
orifice AH in inches of water for a fixed flow rate and (2) the flow
rate indication (I). This may be determined by use of a rotameter
or a pressure transducer-recorder.,

bui teinp.etaturF2nhameU3c. pressure,Tneasurements'~aFF-66t"
'

PEqstred atEd= tim'6~theln1 voFgnjpVWealibraieC

There are two different procedures that may be used to calibrate
a hi vol sampler. The first is the " plates procedure" described in
40 CFR 50 Appendix B - Reference Method for the Determination of
Suspended Particulates in the Atmosphere. This is the reference
method and can be used on a sampler using a rotameter or a pressure
transducer-recorder to indicate flow. The second calibration
procedure, which is not universally usable, involves the use of a
variable transformer or variac in place of resistance plates. This
procedure permits a person calibrating a sampleg %.Q generate.5, .10
different flow rates. Because the ttse_,gtthe 7psistanci~pTatisS

ligf al Ftiide"yrocedure 1r1 E E fl _vt~Thisluse.
y u e 1 edw In some areas of

it may be 'd'esirable to have additional resistance
plates to better cover the operating range of the hi vol sampler.

(Note: The variac calibration procedure must not be used on
T* samplers with a rotameter as a flow indicator. This procedure

produces erroneous data when used on rotameter-type samplers.)-

A mass flow controlled sampler cannot be calibrated in the same
manner as a standard hi vol. This is discussed in detail in
Appendix B.

A. Calibration Procedure'

|- Detailed instructions on the mechanical aspects of maintenance
and calibration of a high volume sampler will not be provided in

| this paper. If more information is required, consult the red
; Quality Assurance Handbook, Vol. II (Reference 3) or the

manufacturer's instruction manual provided with the high volume
,

sampler. Sampler motors with new brushes should not be calibrated
| until after the brushes have been properly seated to the armature.

This is accomplished by running the motor with a_$ resistance'

plate or a clean filter in place for a pdnimum-owdantnutesg
|

Calibration and calculations should occur on site. However,--
, .

both processes can be performed.at a central location and the
,

sampler transported to the site. If the sampler is calibrated at a
central' location, the operator must verify that the calibration'has
not been . altered in transit. There should be a minimum of five

q

|
.

I
I
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Figure 1

HI VOL SAMPLER CALIBRATION DATA SHEET

j.

Sampler Location

Orifice Unit No. Calibrated by:
{

;' Sampler No. Date .

.

Indicator No. Q = al- b7
(Rotemeter/ Recorder)
Correlation coefficient Or ." I

of r =
4

.,

AH I Qp
Voltage Manometer

Run or in. Water Indicator.

Plate Teft Flow Rate *'
Number Number Right Total Reading cmm

1

2 -

~3
'
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4

.

5

6

;

7

^

nup-l

Dup-2
.

* Flow rate from orifice unit calibration cha t or equation.
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( points for each calibration curve. For each point, there should be
a aH reading taken from the orifice manometer in inches of water.x

The example data sheet (Figure 1) has a blank for the left and right
arm of the manometer reading and a blank for the total manometer
reading. At the.same time a aH reading is taken, a flow ind*.cator
(I) reading must be taken and recorded on the data sheet. This may
be the reading taken from a rotameter (read the middle of the ball)
or from the pressure transducer-recorder chart. Determine the flow
rate Qr for each AH by reading directly from the orifice calibra-
tion curve or calculate from its curve equation. A calibration
curyw should be prepared on linear graph paper by plotting flow rate
Qr vs. flow indication I. A linear regression equation of Qr V5
I may be calculated using the equation: Qr = al i bs

,

An acceptable hi vol sampler calibration curve should consist of
i five points and with a correlation coefficient of r >0.99, and no

point deviating more than 10.02m3 min from the value calculated/
by the regression equation.

B. Calibration Calculation

Calculations should be performed on site and during the
calibration of the hi vol sampler. Items needed are:

1. Orifice calibration curve or
*

2. Calculator with y to x power capability and the orifice
calibration curve equation.

3. Hi vol sampler calibration data sheet and linear graph -

paper.
,

C. Calculation Procedure

.

1. Calculate the flow rate Qr for each AH using the
~, orifice curve equation and a calculator, or convert each AH value to

flow rate Qr by reading the orifice calibration graph. Repeat the
above calculation of Qr for each AH value.

2. Prepare a calibration curve of Qr vs. I on linear
graph paper. Include the date and name of the individual that
performed the calibration and sampler location and identification.

3. Compute a linear regression of Qr on I.

See Appendix A for an example of calculation using actual data.
,

.

: O:

.
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\' III. Field Use of High Volume Sampler

Four determinations are required during sample collection in
order to calculate the volume of air sampled and to correct that
volume to reference conditions. These four determinations are:

1. Average flow rate (Qr) for the sampling period.

2. Sampling period time (t) in minutes.

3. Average ambient temperature (Ta) during the sampling
_

4. Average barometric pressure (Pa) during the sampling

The first tm) measurements, average flow rate and sampling
period time in minutes, are the most important and require on-site
measurement. Average ambient temperature and barometric pressure
can be measured on site or adequately approximated in any of several

~

ways. Reconnended procedures for determining or estimating these
values are as follows:

Ambient Temperature Determinations. An accurate estimate of the
average temperature for a 24-hour sampling period is difficult to

r's obtain without a continuous recorder. Some alternate procedures
hi / which could be used to obtain estimates of average temperature are

listed below in order of preference:
_

For sites close to or as a part of an air quality monitoring1.
station equipped to monitor ambient temperature, the average
temperature for the day recorded by the station's temperature sensor
should be used for the average temperature for the sampling period.

2. For high volume sampling sites visited daily, a niini-max
thermometer giving the minimum and maximum temperature occurring
since the last reset could be located on-site, and the average of
the two extremes used for the sampling pe-iod average.

3. For sites not too far removed from a weather station and
having about the same degree of exposure as the weather station, the
average daily temperature as recorded by the weather station would
provide an adequate estimate of the average sampling period
temperature.

'

.

t

4

w
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O. . Barometric Pressure Determinations.
,

1. When requesting temperature information from a weather
station or airport as in 1(c), also request the average daily
" station pressure."

| ' 2. For sites not located near a weather statien or airport, the
barometric pressure may be regarded as a constant. Barometric'

pressure seldom varies more than + five percent from the average.
Therefore, if the site elevation Is known the average barometric'

pressure constant can be taken from Table 2.
!

: <

: Field Measurement Procedures. Procedures for a high volume sampler
equipped with a rotameter are as follows:

'

1. Make a rotameter reading at the start 1 1 and at the end
,

If of the sampling period. Operate the sampler motor for five
,. minutes to allow it to war', up and reach equilibrium before taking!

each rotameter. reading. Measure or estimate the average ambient'

- temperature Ta and average barometric pressure Pa for the
sampling period.

2. Determine the initial flow rate Qri and the final flow;
' rate Qrf corresponding to Ij and I , respectively, from the hif
I vol sampler calibration curve

O 2. . Caicuiate the averase fiow rate (Q,) ece the sampiinq
period:

;
.

Or"Ori + Orf
| 2

l- 4. Calculaje the average flow rate of a standard volumefrom Qr by:(Qstd) in std m / min. at Tstd and Pstd

Ostd * N T
r a std

{Pstd_
l 5. Calculate the voltsne of air sampled at standard conditions

as:.

V(std m ) " Qstd (std m3 min) x t(min).3 /

6. Calculate TSP using the weight of particulate Wp (grams)
on the filter and the voltsne of air sanpled at standard conditions.

3 6
' ' TSP (ug/std m ) = Wp (g) x 10 (ug/g)

3
- V(std M )

10 -

.

f
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Table 2.1

BAROMETRIC PRESSURE AT VARIOUS ALTITUDES

g)i
U [& bridged from the Sauttwoossa Tables)

values er eme8 (l+e 001019sx36 pas, 8,89

e em am am us em aOS 0.0r a08 t09Baseawirte

t=
a,

Tent Ted Ted Ted Teet Ted Ted Ted Ted Ted

17.00 1A347 11 331 lists 11 299 !& st 15, 2 7 31 251 1 A 235 I A 219 IL 2GI

.30 14 147 11872 1A 156 11 840 1 5 :24 1A 106 IL Oe2 11 076 13,061 11 043

.9 14 029 11 013 14 997 14, 2 2 14, 966 34,950 84 934 14,919 14,9GI 14 8s7

.N 84, 571 14 854 It S40 14 824 14,809 34793 14, 777 I4, 762 14746 14, 730

.e0 14,713 It e99 14 444 14 e86 14, 612 14,637 14 621 14,606 14 350 14 373

17,30 14 510 14.544 It's 1 ( 312 14497 14 481 14466 liest 14,433 li ta

.00 14,404 14,309 54,373 14,356 14,342 14 327 14,312 14296 14,2st 24,2M

.70 14 2:0 I4,235 14,219 14 204 It l89 14,173 34,138 14.143 14125 14,112

.30 it 097 14,on2 i ( 087 IL051 14.036 34021 14,006 13.WQ 13,975 13,%0

.30 11M4 13,900 13,914 148ue 13,864 1% be9 14 654 1A 839 4 824 13,8ue

11 00 1& 753 IL 775 13,763 I & 748 11733 13, 718 11 703 11 684 11 673 13,658

30 11 643 11 628 1 % 613 11 395 13, 583 13 Sul 13, $33 Il S3s 13,321 13, SOS

2 1a 493 13 471 13,463 11 448 11 433 11 418 31 404 113se 11 374 11 359

30 11 344 13.329 11 314 83,300 11 23 13. 270 11 253 13.240 11:26 13,211

40 1 & 196 1% 131 11 166' 14 152 IA 137 13,122 13,107 1A Of3 1A0 8 13.063

11 80 110e9 11034 11 019 13,005 11 990 11 973 11 961 11 944 11 931 11917

80 11 902 12, sad 12,873 12, 2 8 11 644 11 829 11 813 12,800 12,785 11778

70 11 754 1%742 ! % 727 11 713 12,696 12,684 12,669 11 03 12, 640 316Jl

30 12, all 12,397 11 553 12,368 12,354 31 333 31 525 11 $10 11 496 11 482

90 12,487 12,453 12,438 12,434 12,4 to 1% 393 12,3a1 12,367 1132 12, 338

19,00 11 324 11 310 112E5 12,281 12, 247 1122 11 238 11 224 11 210 11193

30 12,161 12,167 11 153 12,134 12,134 ' 12,110 11 0s6 12, 0s2 12,068 12.053

2 1 % &39 11 023 1 % 011 11, 997 !!,90 17,969 IL954 IL940 !!,926 II,912

30 11, Sd 11,664 11,SM 11, 856 11,642 12,828 31,Sie 11,800 11,766 11,772

.40 11,736 11, 744 11,730 11. 716 1),702 11,6ae 11,674 11,660 11,646 11. C32

11 30 11,616 II,a04 11.$90 IL 378 II,562 II,344 IL 534 11, 320 11,307 II,493

.W 11,4,9 IL 46S 11,451 1L 437 11,421 11.4to 11,3w6 11,362 11,368 11,154

.10 11, 340 11.327 11,313 II,2W9 !!,285 ll. 272 IL 256 11, 244 It. 230 11,217

e .30 11,2 3 II,159 11,173 !!,362 II,144 31,334 11.121 11.107 11,W3 II,0h3

.50 11, 086 11, 052 11,039 11,025 11.011 10,996 lo, h4 14 970 14 937 14 943s
/ )(j

24 00 14 20 14 Sie 149GI IO,889 la 875 la M2 10, sa5 10, 833 10,821 10,808

( ,30 14 794 34 781 14 787 14 754 sq 740 10,727 14 733 10,700 to,266 10,673

2 14 SSB 10,846 10, 632 la 689 It eos la 392 10,379 10, Sh5 10,332 la S38

.30 14 123 10, St2 10,496 11485 10,472 10,45a 10.445 la 4.11 10, eie la 405

40 14 391 80,378 10,3e4 10,332 Ig138 14 323 1 % 312 to,2W6 10,255 10,272
|

2E 30 10,250 14 245 10,232 10,219 10,"JD6 14 192 to,179 10,166 la 153 10,139

00 Ig l26 Ig it3 10, t00 10.087 10,074 10,080 34 047 24 CM 14C21 10,004

70 9,9v4 9,9s2 9.M8 9,95$ 9,942 9,929 k 916 9,903 9,8'JO 9. e77

. SC, 9, ses 9,ast 9,638 9,823 9,812 9,799 C,746 9,77; 9,736 9,756

.90 9,733 9,73 9,707 9,6v4 9, 681 9, 668 9,633 9,642 9,629 9,6;7

21,00 9.e04 9 set 9, s s 9,s63 9. ss 9, s32 9,s26 9, s17 9,300 9,4s7
|

. 10 9,474 9,462 9, 449 & 434 9,423 9,420 & 397 9,364 9,372 9,339

.2 9,346 9,333 9,320 9,307 9,293 9, 252 9,269 9, 256 9,244 9,231

.30 9,219 9,25 9,193 9,180 9,167 9.154 9,142 9.129 9,116 9,103

.40 9,09h 9,078 9, 055 9, 053 9, 040 9. 027 9,CIS 9,002 % 969 8,977

2L30 & 964 8,951 & 939 8,926 S,913 8,901 8,654 E,176 8, 863 8 MO

.se a,W8 8,823 & 413 8,800 & 768 8,773 & 782 & 750 8, 737 4,725

3,712 9.700 8. 687 8. 6*3 8,662 8, 650 & C37 & C25 E612 8,600

80 8, 587 8 $75 a,362 8,850 8,538 8, 325 8,313 & 500 8,468 8,475
310

.90 3, es3 3 451 s,438 s,426 3,(13 & 401 8,389 & 376 4 364 8, 152

>

21 00 4,339 8,327 8,314 & 302 8,290 8,20 8. M.S 8,253 8,240 8,228

.10 8, 216 a 2D4 & 191 & 379 8,167 A 154 & 352 & 130 & 115 & IQS

2 3,093 & Ost 8,069 8,056 8, 044 & W2 & 030 8, Wu 7,995 LS83

,30 7,971 7,959 7,947 7, 935 L922 7,910 L 891 7,686 7,874 7,662
'.

'. 40 7,949 7, 837 L 825 7,813 7,501 7, 739 L 777 7,763 7,753 7,740

21SO 7,728 7,716 % 704 % e92 7,680 t M8 t no t 644 7,632 7,620

| .80 7,605 7, 596 7, $64 7, 372 7, ad0 t Sa8 7 $36 7, 524 L $12 7,300

.70 t 4aa L 476 7,464 7,452 7,440 7,42$ 7,4I A L tan 7,392 L 3S0

|' .30 7,368 7,356 7,345 7,333 7,321 7,3&J 7,297 7,2!LS 7, 273 7,261

.90 7, 249 7,238 L226 L 214 7.2u2 El90 7.17d 7,166 L 255 7, 143

s ,,C23
7

2 LOO 7. 138 7.119 t t07 7,3J6 7,0A4 t o-2 7, oM 7, 0 41 t037
t 907

| .to 1OL3 7, oss e,990 6, 9 714 6,966 6,934 e,94J a, vil & 939
! 20 e vue 6. m4 6 s72 as oc! e, sea e, a37 a, s2s e, sis a,c: a,7w

.30 e,77s a,7e7 a,7ss 6,744 a,7n & 77: e. ruv & e97 eye e,e74

, 40. & e62 e,6s1 e,63v e,62s e, ele e,604 e, sus e, set e,170 , & Sss

i

|

n|I
v

See Reference No. 2
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BAROMETRIC PRESSURE AT VARIOr., ALTITUDES
(continu2d)

Table 2.2.
,

Serometh e
! j pseuure , 0 &On 0.03 0 GB 0 04 0 OS 0 06 0.07 0 08 ! 0 08rN

anchus |V

Fort fort Trot Test ' Trot Teet Trot Tert Tert Tert

A 30 e, see A S35 8,323 a,312 % ano e, esso s. 477 e,4a6 a. 4S4 e,443

.80 & 431 4 420 4. 4tm e,3e7 4 33 n. 374 , e,3r.2 8. 158 4. 339 6. 3.5

.70 % 314 4,30S G,2'J3 e,22 &20 & 23W o & 247 8. 216 4,22S 6.213

.30 & 302 8. I'4 & IT9 & 187 A.IS6 8.143 s,133 & 122 & 180 8. We

90 & Ch8 G,076 & 063 8.C64 6,042 4.Gli Gw 030 8.005 A997 3 h4

2 00 & 9*4 1 983 & 932 5, MO 1 929 & SIS i 904 L P93 S,844 3.872

.le & S6I 1 630 A 839 S.827 S.8le A POS &794 1 782 1 778 & 760

.2 1,744 A 737 5,*26 4 713 8,704 4.493 S.6Al 1 870 1 639 S. 64e

.30 A 437 A625 5,614 Leal A 503 A Set A 370 S, 558 S 547 1 534

.40 8,13 1 814 4 501 5,492 1,440 3,460 - A 454 144T A 436 4 425

2 30 S.414 1 401 S,392 8,381 1 369 3.358 5,347 S.Ile ' 1 22S 1 314

80 & 3r3 3, 292 A25l 5,2~0 12'8 S.249 3, 237 1 229 3, 213 i 204
.70 & 183 A Is2 & 371 3,160 & 140 S, 838 3,127 i 816 & 105 S. 0 34

.00 kon3 & O72 A 063 5, 050 1 010 1 028 3.017 3,(nB 4. wt 4. ma

.90 ' 4,974 4.963 4.932 4, 941 4,930 4,919 4. 908 4.087 tie 6 ( 876

1 08 (MS 4,854 4. 543 4 832 4,821 4.810 4.800 tite 4.77I1 4.767

.50 4 754 4,145 4.735 4.724 4.713 4.702 4.691 4.488 4.070 4.650

.2 4. 644 4. 637 4. 4 73 4,616 4.603 4. Sfe4 4.584 4. 573 4.562 4.531

.30 4,640 4. 110 4. SIS 4.308 4, 448 4.487 4 476 4,463 4. 4AS 4.444

40 4,433 4, 423 4.412 4.401 4,391 4, 380 4,369 4,358 4. 348 4. 337

E 30 4,326 4. 316 4,303 4.295 4.34 4. 2"3 4.383 4. 232 4. 241 4. 231

. So 4. 220 4.300 4.199 L las 4.178 4.167 4. 134 4.146 4.13S 4.12S

.70 4.114 4.304 4. 093 ( 082 4 072 ! 1 061 4. 0S1 4.040 4.030 4.01w

.00 4.009 3. 9ue 3. 9n8 1 977 3. M6 ) 3.954 3. 943 3.933 1 924 3, vie

, to 3,903 3,893 & 442 3, 872 3,nel 3,SSI 3,541 3,630 3,4JO & $09

2 00 1 790 3,7a8 3, US 3.767 1 737 3.746 3.36 3. 7?e 3,ilS 3. 0S

.10 3,094 3.684 3,674 3.663 3. 453 3,642 3, L'.2 3.8 22 16Il A 601

.2 3. 340 3,5a0 3, 370 3, 359 3,549 3,539 3.s28 3.518 1 508 3.497

30 1 467 3.477 3. tae .- 3, 456 3.446 3,433 3. 425 3.415 3. 404 1 394*

40 3,364 L 373 3,363 - 3, 353 2, M3 & 332 3,322 1,312 3,301 & 291

30,30 3.281 3,2"O 1 260 3, 250 3. 240 1 210 3, 219 19 3,190 1 140

.80 3, 179 L 168 3,138 3,148 3,134 & 128 3,187' 3.107 3.097 1 067

.70 3,077 3.066 3, 056 3. 046 3, (D6 1026 | 1 916 3,00$ 2.993 1MS

.00 2,974 1 963 1 953 1 945 1 934 4 924 , 1 914 1 904 1 894 1 m4

.90 2,874 2,864 1 854 1 543 2,833 1 821 1 813 2,625 1 793 2,7h3

(T 37,00 1 773 1 781 1 733 1 743 2.733 173 2,713 1 753 1 892 1 68!

30 1 972 2,662 2. 632 2, 642 2,632 1 822 1 612 2.602 2.392 1sf2
t

.30 2,572 1 362 1 532 2. 642 1 532 1 522 1 512 2,502 2,493 2.453V] .30 1 473 1 483 1 453 1 643 2, 433 1 423 2,483 1 403 1 393 1 383

1* 3 2, 353 2,343 2,334 2, 324 2,als 1 304 2. 294 2,24
.40 2, 373 m

27.30 12"4 . 1 264 1 254 1 245 1 35 123 1 215 1 20S 1 895 1 185

80 2,37' 1 866 1 854 1 846 2 136 1 526 1 816 1 807 1 997 1 027
| .70 10p 1 087 1 058 2, 048 2,038 2,03 1 018 2,009 1.we 1.ww

30 5. 0 69 1.970 8. M0 1, 950 1.940 1.930 1.928 1.911 9.908 8.891i

.90 1.87 3 1.872 1.662 1.SS2 1.S43 1.833 1.823 1, $14 1.504 1. 794

[

I 2 00 1.754 3.773 1.76S 1.733 1.746 1.736 1. 726 8.717 1.707 1.097

! .30 1,0s4 1.63 1.068 1. 639 3. 649 3. 633 1.630 1.620 l.630 1.601

.2 1.S91 3.381 1. 372 1. 562 1.552 1.543 1. 533 I.524 3.334 1.304

. 30 3.495 1.483 1.478 1.466 1. 458 1. 447 3.477 1. 42n t.415 1.40s

40 1.396 1.389 1.360 1.370 1.36'. 1, 331 1. 142 3. 332 I. 322 1.333

28.50 1.301 1.2a4 1.34 1. 273 1.25 1.256 1. 746 1. 237 1. 227 1. 21s

.00 1. 208 1.149 1. 18 & 3. 180 1.370 1. 141 1.131 I.142 1.132 1.123

70 3.333 1.104 1. 094 1. 0&S 3.073 1.or48 1, 037 1, 047 1,03s 1.c3
.00 1.019 3. A)9 1. On0 9W0 9dl 972 M2 953 943 S34

.90 925 SIS 906 496 887 83 864 859 849 $40

28.00 831 821 812 803 794 34 773 785 756 749

.

.32 727 73 718 709 700 690 681 672 663 433

! . 31 644 635 835 616 007 $97 588 879 L3 560

.30 SSI $42 S32 323 Sie 305 49S 484 477 46s

.40 454 449 440 431 421 412 403 394 364 3*3

29.30 366 357 34A 338 329 320 211 302 292 33

40 274 24S 236 247 237 235 239 2'O 201 192

.90 382 173 164 ISS 144 137 13 Ils 104 100

.30 +95 + 82 +73 + 64 + 55 + 45 + 3A + 27 +18 49

.90 0 -9 - 14 - 27 - 36 - 45 - SS - 64 - 73 d2

2 00 - 91 - 100 - 109 - 113 - 127 - 136 - 145 - 154 363 - 172

i 50 - 181 - 190 - 1v9 - 308 - 217 - 234 - 215 - 744 - 253 - 3K2i.
.2 - 271 - 20 - 259 - 2'.e - 307 - 318 - 325 - 334 - 43 - 332

.30 - 361 -370 -39 - 3A8 -397 - 405 - 415 - 424 -43 - 442

40 . - 451 -4M - 469 ' == 478 - 4fr) - 495 - 304 - 313 - 122 - 331*

**

3& SO - 540 - 548 - 558 - 567 - 57 8 - 385 - 393 - 602 -ell , - 620

00 -e29 - 636 ~647 -4:se - 06S - 671 - 882 - 691 - 700 -W
.70 - 718 - 727 - 733 - 744 - 753 - 762 - 771 - 730 -7&& - 797

.30 - 408 -8IS - 824 - 833 - 641 - 850 - 859 - 864 - 877 - 883

.
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O ror sampier eauinned ith a pressure-transducer recceder, thep

, average flow indication I is determined from the recorder chart. If
'' the flow indication varies more than 5% during the sampling period,

read the chart at two-hour intervals and calculate the average I for
. the sampling period.*
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WORK SHEETs .e

(1) (2) 13) (4) (5) (6) (7) (8) 19)
initial Final Initial Meter True Calibrator

. Meter Meter Elapsed Volume Static Volume Static Volume Flow RateReading Reading Time . At Vin Pressure . Ps VT Press. O OM3 M3 Min. M3 -H O "Hg M32 "H O M3/ min. It3/ min.2
,

1 G22 9.VC V221.j~c 0.29 0./ M C.C?l 3 /f c.3.12. //.'?3
2 ||227.to y 219.go c.3 2. c./ c.9 c.c nr. / ;t. _c.303 tc. *7
3 4230./0 ft2 ] c.20 007 _ O. / c. 7 c .6 9'17 7 C. 2 & of _93
4 tt23c4o ty23o.w e.ys _ o. t o.5 e.s yr3 g c.2i a; _ 7.y
5 4230 7o 42)c.to 0.QC_ o. I o.25 c.991. 3 c.tr3 f. st

EQUATIONS
!

V n = (2)- (1) When using this instrument to calibrat a high volume Roots Meter No.: 7fC 93 s #/i
* _

sampler at conditigns other than those at which the
Calibrator:

PB * Pg calibration took place (10) (11), the following felation Model No.: - 6 N *S#EC- h **C M
VT"Vni should be applied.

PB! sersal No.: CC 2-
, . -

TT PB 1/2- (4) 110) . (5) OT=0 P 3G"Cf(10) B "H9,
(10) T F

t
, T.

2

(11) T: ?._2- *F) O =VT (6) where:.

: OI I3I
i (12) RH: 27 __ %

'M3 x 35.31 = 113 OT = flow at new condi ions T and P . '.alibration perfor d :,t T T

--
"H O + 13.55 = "Hg #2

! Dateof Calibration: /# M#N
'

Fo. edditional enformation consutt-
1. The Fed * cal Register, Vol. 36, No. 84. pp. 819 . 8t 94. April 30.1971. Date placed in service:
2. Guidennes for Devetepment of e Ouality Ass:arence Program - High Volume Method. ITo be noted by user)

EP A - R4 73 - 028G.
! Notes: C elibestors should be secalibrated atter one year of field u.e_ 2 e ref. 2. page 25. Copees of shis

cohtwatkn are not kept on fete.

_g e O
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APPENDIX 3.13.0

OPERATING INSTRUCTIONS

GE0 FILTER WELL PUMP

AND COMPRESSOR
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( PREFACE

The small diameter 9 Jound water sampler, explained in the
folleving pages, was designed and engineered in conjunction

-

with the United States Geological Survey, Quality of Water -

Branch..

The theory behind the unit is based on Pascal's Theory, ,

stating that water in a balloon exerts equal pressure in
all directions. Building on this theory., a gallon of water
weighs 8.3453 pounds and contains 231 cubic inches, by
dividing, the weight per cubic inch equals .036125. This 7

figure tiJnes 12 gives us the amount of pressure needed to
equalize a foot of water which is .4335. Additional pres-

sure will be required to assure adequate f.'.ow, so as a rule
of thumb, we will assume, for purposes of instruction, that~

one-half pound of pressure per foot of well depth will be
'

required for operation of the well sar.pler. , ,

- -

The unit itself is comprised of two main components, the
| *

Pneumatic Logic Unit, and the pressure chamber. Although
all areas of the well sampler are covered in this booklet,

y special emphasis will be placed in these areas.

zwozx
,

-
\

|
Page -

Compressed Power Supply. . . . . 1
|

'

Regulator................... 1 .

Whip and connectors......... 1
.

Pressure Line.. ............ 1

Sample Line................. 1

'

Filters..................... 2
.

*

Pneumatic Iogic Unit. . . . . . . . 3
.

Well Sampler................ 4 -

.?? . .
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COMPRESSED POWER SUPPLY
/]
-- .

The small diameter well sampler is designed to be operated
by any inert air supply, the most common of which is in the

$... form of compressed air, air compressor, and compressed
nitrogen. Care should be exercised in selecting tanks or
an air compressor which comply with compressed gas standards, s

REGUINIOR- .,.
,

dA tank regulator of the design that is single valve, two
gauge, capable of reading rated tank pressure and 250 PSI
outlet line pressure is required. If the outlet line pres-

,

sure exceeds 250 PSI, a Pressure Relief Valve set at 250 PSI
should be placed in lino to insure that the system is not
overcharged.

:

WHIP AND CONNECTORS-

,

.

E hose whip capable of withstanding 250 PSI should be used
*

where the Pneumatic Logic Unit is not attached directly to
the d.nk regulator or air compressor. Connectors on thisg01 -wir sneu1a co 9 7 wiew ce vressea e s se a ras-1

.

PRESSURE LINE --

.

The pressure line provided with the unit is of rubber material
and twin line construction rated to 250 PSI. This twin line
hose is reinforced to provide tensile strength for placing
and removing the unit in the well. Fittings on the twin line-

hose that come in contact with the water 'are of stainless
steel construction.

~. SAMPLE LINE
.

The main prerequisite for the sample line is that it be of
food grade material. There are several different brands and
materials available. As with the pressure line, any fittings
coming in contact with the water must be c.; a;1.:less steel-

construction.
.

-@ . .
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! 's - FILTERS
O ,'

Two filters are provided with the Pneumatic Logic Unit, a 100nin .

and a 5 um. These filters are designed to remove particles and .

moisture from the power supply. A manual drain is located at
the bottom of the bowl, and must be pressed regularly to remove
the moisture from the filter bowl. If this is not done, damage
will result to the filter element as well as the Pneumatic '
Iagic Unit.

'
.

SERVICING:
.

.. j
*.'. o

Disassembiv: o
1. Shut off inlet pressure and reduce
pressure,in bowl to raro. Filter may 1 y

be disassembled wirinout removal from
air line.
2. Unscrew bowl (7) and remove 0-ring * ^ -

(2). 2
3. Unscrew stud (6), then remove
gasket (3), louver (4) and element (5).

O.- 4. Remove manual drain (8) . 3

"
Cleanina:

1. clean parts using warm water and O
soap. Dry parts and blow out internal 4-

{passages in body (1) using clean, dry }

,

air. Blow air through filter element
(5) from inside to outside to dislodge

| surface contaminants. Replace filter
| element when plugged. v

2. Inspect all parts carefully.
3. Replace damaged parts.

|

6Reassembiv:
|- 1. Prior to reassembly, lubricate the
l 0-ring (2) and threads on the bowl (7)
| with a thin grease.

2. Install element (5) on stud (6)
with rounded end facing stud head.

|7| 3. Tighten the stud (6) and bowl (7)
|

'

| to between 5 and 10 inch-pounds of | |
,

3
,

torque.
|

'

O -2-.

:
|
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PNEUMATIC LOGIC UNIT,,

U -
.

-- The Pneumatic Logic Unit is comprised of several components:
Timer Hodules, Timer Regulator, and Valve Body. These components ~
provide the control center that charges and bleeds the pressure

'

-

'

5- chamber of the well sampler. Needle. valve (A) controls the ;

length of time air enters the chamber. Needle valve (B) controls
the length of time the chamber is exhausted. On both valves,

,

clockwise turns increase delay time; counterclockwise decreases
delay time. Port (c) is the intake port from the power supply.
Port (D) is the exhaust port to the well sampler. ' -

. . R
Due to the varying der >th of wells, there is no' Niird fast rule '

for setting the unit. An average for the charge cycle is 3 - 5
seconds and for the bleed cycle 10 - 12 seconds. The bleed cycle

,

is distinguished by a " pop" sound when the unit switches to the
bleed mode.

The Valve Body is rated to 250 PSI, theTimerModulesaN~ rated '

to 150 PSI, thus the requirement for the Time-- Regulator.-
Although the Timer Regulator is installed simply to protect the
Timer Modules, once the needle valves are adjusted, the Timer

pq Regulator will proportionately increase or decrease the" setting
'"v by adjusting the regulated pressure if desired. The red ring

beios the adjust knob is for lo,cking the adjustment knob. When
~

pushed toward the valve body the regulator is locked. When-

pulled toward the adjustment knob, the. regulator is unlocked.

A servicing guide' for these components is not included due to
the.ir . complexity. If. problems exist, call our service depart-
ment for advice.

-
t
I

- :..... ;

NOTE: When firs.t starting '
,

the unit, it will take a few A- <" "
,

minutes for the logic unit ] 3 ;
-

;-

to cycle regularly.. This . .
, e4

is caused by air filling the . Br. (0)
,

k
various chambers of the timer !

, , ,
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- WELL SAMPLER
.

h well sampler is constructed from stainless steel, unless otherwise-
specified, which gives it corrosion resistance and durability.

..

.
'

OPERATION: -

Water enters through the strainer (I) ~and passes the checkvalve (H)~

filling the neoprene bladder (D) by way of the center shaft (E&F).
When the bladder is full, air is compressed into the chamber (c)

2(A ). This pressure closes the checkvalvethrough the top air port
(H) and compresses the bladder (D) forcing the water back through
the center shaft (E&F) and past the check-
valve (B) to the sample port (A ) and up the h -; A21 *

cample tubing. When the pressure is bled 'i
'

from the chamber (c) through the air port t
2(A ), the head pressure closes the check- ;

valve (B) and the cycle is repeated. L,
.

DIGASSEMBLY:
To disassemble the unit, remove the check- N

valve and strainer (H&I) and the washers
tnd 0-ring they secure. Replace the check- 0
valve and strainer (H&I) leaving one-half

( inch between the top of the checkvalve (H) e!-

cnd the bottom cylinder cap (G) . While j

holding the top of the unit, tap the bottom E $
cf. the unit on the ground. This will force |
the top cylinder cap (B) past its O-ring .

4

ceal. The top cylinder cap (B), bladder (D)
and center shaft (E&F) will come out as one 4

| piece when the checkvalve (H) is finally $

| removed. The bladder (D) may be removed from |-

| the center shaft (E&F) by loosening the hose j

l clamps located at the top and bottom of the
' ("

: bladder and sliding the bladder off the
bottom.

| REASSEMBLY:
| To reassemble the unit, reverse the process. N

'Do not, however, replace the bottom 0-ring

( until the top cylinder cap (B) has been
drawn completely down by the checkvalve (H) .
This will prevent damage to the 0-ring. All -

0-rings should be given a thin coat of grease Is. -

.

,

|1 prior to reassembly. Replace any worn or g, _

g p damaged parts. g __
*

-<--

.
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Range adjustn. "lN" port. LGM SERIES PARTS LI, %
The Mark !! L GENIE is a self

$'*hE'm*. .
Please order by Part Number - Not by N 2. i

c:ntained. au tie, c:1.tinuous opti0aal dual l 8 ' * d "" '
""#" #

run unloader and check valve. [*jg',f,,,,;p, o,Qc e t.cM-20' LGM 125.

D Key Part Part |,

Genie here. No. Part Name No. No. ]HOVIIT V!O RKS [f , t.K ,8 1:
c

V.' hen compresse.d air in the tank 1. Put! Ring .................... M20001 M20001 {
has reached the factory preset o 7g M20003 M20003 e2. Pressure nod .................

3. Sprinq llousing . . . . . . . . . . . . . . . . M200s'a M20005 tpressure, the control will unload =-

% 'j rJ 4. (a) Stamfard Requtator Spring tRED);
the ct,apressor throu]It the vent . ! ""'"~ ,

M20007 M2000750 psi no 150 psi.
port. *. .. ., . ir has been used from

~

}
...........,,,,,c .f

the Tank, ad pressure drops, the Differential adjust. / n)h",'o',he$ngIDNE);''
*

M20008 M20003,
- 125 psi to 250 psi.Matk 11 control will permit the ment. Screw ut to %- "" ' , < ' ' 5. Upper Jam Nut I..........

Sh0' ten dif ferercial. M200ft M200ttcompressed air to be pumped into ...............
M20013 M20013 8,'

- 6. Dall Seat .....................
the tank again. $| Qj) ' Op 7. "O *" n i n g . . . . . . . . . . . . . . . . . . . . M20015 M20015 s-

8. Lower . lam Nut ............... W20011 M200l? {
REGULATOR ADJUSTMENTS M20019 M20019 *9. Ball ........................

/ #*, g' 10. negulator oody M20021 M12521 }1. Loosen jam nuts # 5 & # 8. ...............
&~, t1. Screw (4 scriuired) 120023 M12523 r

Orions/1/8" NPT s
.............

M20025 M12525 |2. Tha unloading pressure can be lap to regulator for (./ 12. Regulator Gawet ..............

adjusted by screw #3. Turn n ..;;,,,y eng;n, This " VENT" port may be 33. p,ston Assembly fone part) M200281 Mt2523 3......

clockwise to increase and throttle control. vented to atmosphere or l 14 Pis t on Spe ino . . . . . . . . . . . . . . . . . M20033 Mt2533 s
8 'M20035 Mt2535

c ou n t erclockwise to decrease
piped back to suction side Connect this"OUT. 15. valvo nody ..................

M20033 M12537 Iof compressor. post to 'ank, with 16. Valve Ster.: ...................
pressure, no other check 17. Vat ve Spr in g . . . . . . . . . . . . . . . . . . 35050. |

3.The dif f erential (d !ference g valve between this 18. C hec k Val ve . . . . . . . . . . . . . . . . . . M20010 Mt2539 3

M200st M12541 |port and tank. 19. Check Valve spring ............between cut in and cut out ; M7,043 M12543 [20. cap caske~

pressure) is obtained by I' .. 21. Cap ........................
...................

M200tS M12545 Ld.d,;
adjustirg screw # G. Turning 22. Lockout clip (Opilt,nell M20019 M20049t ;,

. ........

4A- 23, 1/8" N .P.T. Tap . . . . . . . . . . . . . . . Please t i
clockwise will weden the a \ icosionat ) . . . . . . . . . . . . . . . . . . Specity. | |-

'

diiferentiaI and \ 4 O~ ~

c ou n t erclockwise will narrow 8
l * Formerly LGM.S\the dif ferential* t items No. 22 and No. 23 are Standard on the LGM.125. I<\

4. Repeat items 1 & 2 until desired
-

-2 g.
settings are obtained. It is not sj 0

,

adeisatete to have a differential h f(.U '

of less than 10% of the -5 y I $maximum cut-out pressure. 37
5. A f t e r adjustments are m ade, N . 15 e i

tighten jam nuts #5 & #8. W" 6 I h 1 I(
Minimum recommended (

-

' '
"campressor spced 400 H.P.M. p /y j

D 'g I

Maximum 'e c o m m e n ded C 14 -

, , , i '

working pressure 250 P.S.I. Q -- 8 *

12 -

Maximum r e c o rn m e n de d 9
i e j ,,

g2p''
'operating temperature 450 - -

m g*contro .
-

22 .o -

00- 1 CeVICes inc.
i

o a' '- -

,
, , ,.

'~'e'' 23- JO oe
711 Hanley industrial Court

. 08'' P.,- r
'

V __ p#
^ P.O. Box 20021 f.

Mark 11 Load Genio# St. Louis, M ssouri 63144 [II '

# ,-& U S. Patent No. 3.587,619. Foveign Patents Pending. Phone 314 781 G022
. . . .

.-.L
. '

. * -
.. . .. . . .

a

1 _ ... . . . . . ' . . . .._ _.... . .. - .. . . . . . . . . . . _ .

. .. . . . . . _ . . . _ . . . . . _ . _ .
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FOR COMPRESSED AIR. SERVICE

-

2 >

OPERA TION U gm-
A

A filter is used in a compressed air system to remove most solid r
*

carticles and liouid fro'n 15e Compressert air. Air enterire the filter is 1]
guided into a swahn) or ern by the louvers (1). Coarse e. led particles
and liquids are forced to the bowl vell (2) by centnfucal force and rdrop ta the bottom. t.ar leaving the bows passes tnrough the fater '

element (3) where finer t%d particles are retained. D/byThese filters have e.tr.er a rnanual or automatic drain. Manual drain .

f_y7modt!s must be dra;nts periodically. Automatic cram mcdels expel
fliquid automaticall,' as flow througn the titter is cycled. ,

AUTOMATIC 2 4MANUAL @ '

DRAIN 3 DRAIN &
SPECIFICATIONS

INSTALLATION
PORT SIZE: 1/8"or 1/4" PTF
MAXIMUM RATED OPER ATING CONDITIONS - - g, Atr g;n, p; ping shouM be same site as filter ports.

tolycarbonate St..' 150 osig (10.3 bar): 125'F (52*Cl 2. Install filve in air line upstream of re::ulatt. s and lubricators as near
videtal Bowl: 250 en (17.2 bart:175'F (790C)r as possible to the device being served..

ELEMENT 5 micron or 100 micron 3. Air flow must be in airection of arrow on too of bodv. Connect
BOWL 1/2.or.transnrent polycarbonate or alumirium p ping to proper ports using pipe thread sealant on male threads
DRAIN: Manual or satornatic, only. Do not allow sealant to enter intenor of filter.

4. Autornatic drains are ported 1/8" NPTF to allow piping away of
expelled liquid. Use flexible tubing or nontigid pipmg (lla" mini-

MATERIALS OF CONSTRUCTION rnum I.o.) for the drain une.
.

sody . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . zin e DIMENSIONS -1.63 dia.M-
(42I ~~ 38 (101* Transparent . . . . . . . . . . . . . . . . '. n . . . . . Polycarbonat All dimensions in in::nes -,[-

.

etal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Aluminu , (mWmeters). ]-
- gr

nt . . . . . . . . . . . . . . . . . . . . . High density polyethylene 4L'

tomers . . . . . . . . . . . . . . . . . . . . . . . . Neoprene & Buna-N mj. .

.

|-

WARNING 3,io
-

,
I

THESE UNITS ARE INTENDED FOR USE IN INDUSTRIAL
COMPRESSED Alft SYSTEMS ONLY. THEY MUST NOT BE USED '

WHERE PRESSURE OR TEMPERATURE f.iAY EXCEED MAXIMUM
,

RATED OPERATING CONDITICNS. SEE SPECIFICATIONS.
THE POLYCARSONATE PLASTIC BCWLS USED ON THELE

UNITS CAN DE Da.! AGED AND POSSIBLY BURST IF EXPOSE 3 ,

| TO SUCH SUESTANCES AS CERTAIN SOLVENTS. STRONG
M ANUAL OR AIN -}} |j ALKALIES, CO .tPRESSOR OILS CCNTAINING ESTER. BASED *15 (3.8)

' ADDITIVES. OR SYNTHETIC OILS. FUMES OF THESE SUS.
STANCES IN CCNTACT WITH THE POLYCARBONATE BOWL. |

*

EXTERNALLY 04 INTERNALLY. CAN ALSO RESULT IN DAM- U=,

| AGE. CLE AN WITH W A-(M WATE R ONLY.
OM,ATIC DR AIN ]USE METAL SC'.'.'L IN APPLICATIONS WriERE A PLASTIC A

SOWL t1tGHT BE EXPOSED TO SU3 STANCES TH AT ARE INCOM. .,7 (20)
1.18PATIDLE WITH POLY,'ARBON ATE.

,g3op |THESE PRODUCTS ARE NOT DESIGNED FOR USE WITH --
FLulCS OTHER Tr4AN AIR, FOR NONINDUSTRIAL APPLICA. ~ ~ ~ ~ ~ ~ ~~

TIONS.OR FOR LIFE SUPPORT SYSTEMS.
.48

~G )
1.34 .32 (8) I

(341 $' ' ' ' " -'

1 GRAPHICSY."SOLS --

. PIP'

b .39
.

T,
.65 .04 (10) .16
(17) (1) (4)

I '
'

O)
I

soTTOM VIEW * SACK VIEW
t PrALL MOUNTING BRACKET,

|

:o
!% Manuel Drain Filter Automatic Drain Filter .

,
.\

* *

s
, -
t

-

.

, -- ., , , - - . , , . , a .- - . - - - _ - - - _ . , ,



z.-- - ,,

W ICIN_ _G
*
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*

filter with minual drens en954 De drained as fr resIntly ($ n.cessary
beep liousri level na tenwa CM'se int tnttom cf the tiement mmenting
i Ll. If liquid level rees abo.e the stud. liquid wdl be carried down* ok Replace filter element when plugged or dirty.

* O
c LY _1--

*

['
'

,

' Shut snl;t pressure end reduce preWJre irt tiowl to aero. filter .

easy be Cisassembled without temoval from air line.
Unscrew bowl (121 and remo.e 0-ring (10). ;

.

Unscrew stud (6), tnen remcve gasket (14), louver (2) and element
^j.

Remove manual dra;n (11) or automatic drain (7. 8. 9.131. To re.
g..sve automatic drain, invert cowl and shake out valve (7), then un.

~
10.

serow not (13) and remove insert (8) and 0-ring (9). .

.I*

*

fEANING O 14

Clean plastic bowl using warm water only. Clean other parts using |
sperm wat:r and soap. Dry o:rts and blow out internal passages in
body (1) using clean. dry cos.:ressed air. Blow air thru filter element O' 2

-

M) from inside to outtice to c.ssoo;e surf ace contaminants. Replace
'

1g
Meer element when plu; qed,

,

inspect all parts carefully.
Repfae3 damaged parts. If transparent bowl shows any signs of

j sloudiness c r cracking, replate with a metal bowl.

(EASSEMBL Y Q ;

I

L Prior to reassembly.fubricate the following items:
,

* - 4

ITEM LUBRICANT
.

.

V
1010 rine) . . . . . . . . . . . . Wipe coat of Dow Corning 44M grease |(or equivafenti .

-

12 (threads en rnetal . . . . . .Small, even amount of Dow Corning |
bowls) Molykote Typh G lubricant (or equiv. *

elent) 2 6 i
During reasser$bly$ make sure the valve lip (7) is turned down. Use !

*

a soft. blunt tool such as e piece of cardboard to turn Iso cown. DO
'INOT SCRATCH THE BCWL SURFACE WHEN TURNING !.lP

- - - -

,

I |
*ement (4) on stud (6) with rounde.: end f acing stud head. i.

r 1

h the following items to the specified torque: 6 7r
ITEM TGROUE (INCH POUNDS)

.-

5 (element stud! 5 to 10 k
i

12(bowll 5 to 10 '

13 (auto drain nut) 5 to 8 AUTOMATIC
DRAIN k

1 - -a
WEPAIR KITS ..

.

Filter Element (items 4.10.141 Q_ -9ihier on . . . . . . . . . . . . . . . . . . . . . . . . . . . 3652 11 1

100 micron . . . . . . . . . . . . . . . . . . . . . . . . . .' .3652 09
Retomatic Drsn (items 7. 8.9.10) . . . . . . . . . . . . . . . 3654 01 g

REPAIR PARTS p .M-q*
a -

Bowl litem 12) '

C| ' '

Transparent with automa9: drain. . . . . . . . . . . . . . . 3635 52
Transparmt with manuai c*ain . . . . . . . . . . . . . . . . 3635 51I 12

| Metal with automatic drain . . . . . . . . . . . . . . . . . . 3809-50
i ,

1
Metal .vith manual drain . . . . . . . . . . . . . . . . . . . . 3809-52

Manual Drdo Vaive titem 111. . . . . . . . . . . . . . . . . . . 77341 j |
*

DCCESSORIES
* - - |

---

Wall mounting bracket . . . . . . . . . . . . . . . . . . . . . . . 593942 .

<fy,

.
- 13 ..

b 11 -hi

U
...

O .

MANUA(.
DRAINp) ..

'

\ ~_~' -
s v

8
.

s r- : I r- * .
-..

.

I v,-: , | . - & .

!
e ;
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I
' AREFULLY READ INSTRUCTION MANUAL.BEFORE ATTEMPTING TO OPERATE THIS UNIT.C !
All air c mpressors are precision built of the finest materials available and will perform elficiently f or many years with proper care and
maintenance. A few of the many uses are; paint spraying, air cicaning, operating air tools, inf! sting tires, operating air doors and
tylinders, greasing equipment, air sanders and drills, staple guns, air nailers, vacuum cleaning, riveting machines, air controls and many

snore...

FEATUEESY+.f
/

~ MOTOR - 5 H.P. Briggs & Stratton w/ recoilf g yg : c; . ,. . starter -includes air operated throttle.- pg , -

COMPRESSOR - ' Twin cylinder.
,|, T 'M ! .g.

,
.

TANK - 22 gallon for adequate storage.[ y g
.

" ..

ID IN GUARD - Totally enclosed to protect oper.

/. 'k. ,ys,( ator and machine. it also inhances the-

I dl y & ''W.' appearance of your new piece of equipment..#
U M.5,'**%'.

T f,N . .I. ,re..[I
- ,-

BUILT IN DIAL-O-MATIC CONTROL -'

, , ,
.

4
.

! d '--% <,* , .: .. ~ Eliminates the need for an ex9erisive re-
1 guiator. Let's you dial the amount of air

*

7 1 ph" needed for the job. Refer to Dial-O-Matic,g. . .

5 ~ ~ . ' . )
g,'.- . [; ,

-

.

instruction decal on your unit."

. . .r

c w -

y ,,,,
..j.m, .

.

y
' '

HEEFFUL EHNTO-

1. Never do any work on the air com-
pressor without first, (1) shutting of f
the pcwer, and (2) bleeding all air from
' " * " ' ' ' " * ' '

GPEG1ATENG ENSTRUCTEOMS 2. Do not re adjust pressure switch on
safety valve.

Your compressor is equipped with a briggs and stratton engine, to supply adequate 3. Do not use a long extension cord of:

power. Consult engine owners manual for instructions, which is included. undersize wire, see wire diagram on
M'''5'5Id'-Se sure your compresscr is full of a good grade 10-30 motor oil. Use a ligh er oil in
THIS IS VERY IMPORTANT!! winter if your unit must be started in extreme col'' weather.

4. Fasten your compressor down when~ Se sure all connections are tight. A small air lea's in your hose or connections will
transporting in a car, pickup, or truck.i make a big difference iii the performan:e of your compressor,
They con be easily tipped, and parts

' Drain moisture from tank daily with the handy combination safety valve and tank are expensive.
hich is No. 5030 on your compressor console. Simply pull the ring which is'

.

S. If compressor fails to start check yourto the plunger.-

pressure, the tank may be f ull of air.
edtet a few days of cperation; remove guard, adjust belt, tighten pulleys and all

8. Keep your belt and pulicys tight.fittings BE SURE TO RE. INSTALL GUARD!Il

| Always be careful when operating'or transporting your machine. 7. Use only factory authorized parts.
.

. r ,,. - - - - - - - , ,. ,_.m , m... - . , , , . . , , . - - - - - . . . - . . - - - . ~ ~ . . . . - - ,f , , - . - - - . , , , . - . , , , - . , , - - . - - . - . , - . , . - - - - - - - - -
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PARTS LIGT -

REF. PART NO.
REF. PART DESCRIPTION NO.

N O. NO. DESCRIPTION REO.NO. NO. R EO.

'

349D Handle 18 ga. steel plated . . . 1 65 1321 Oil Control Ring (2 Per Piston) 4
516 5/16-18 hex cap screw . . . . . . 16 66 1215 Journa: Bearing 2

22P3100WG Air receiver 22 gal w/ base- 67 1217 Pulley Ciamp Bolt And Nut 1
stand and axel . . . . . . . . . . 1 68 1460 Piston 2

4 101/o, 10 x 175 wheel . . . . . . . . . . . 2 69 1219 Fiber Washer 2
70 2138 Gasket Top (Between 2100 &

6 81 as eng ne ...... ......

7 900 Unfoader valve for continuous
71 2100 Head nly 1

8 903 3'8 x 3/8 x 55E 'c~o~ rep [ession 72 1174 Head Bolts (Shart) 4
' ''

73 1244 Gasket Washer For Long Head
fitt in g . . . . . . . . . . . . . . . I

Bolt 2
9 905 A:t throt tle . . . . . . . . . . . 1

74 1528 Head Bolts (Long) 210 * 2G50 Motor puttey . . . . . . . . 1
75 2130 Filter Screen 111 * 308 Ho!!ow-head set screw fo,
76 2129 Filter Inner Element 1motor pulley . 1. ..

77 1227 Connecting Rod Washer 412 4L490 V-belt . 1. . . . . . . . .

78 1334 Bearing Plug 113 1120 Compresso pump . 1. . . . .

79 1229 Oil Drain Plug 114 68D 3 8 x 112 compiessinn fitting
. . 1 80 1404 Cylinder Gasket 1

'

wIsleeve and nut . . . . .
15 338G 3.8 inch aluminum exhaust 81 1231 Bearing Plate Gasket 1

tu be . . . . . . . . . . . 1 82 1316 Head Gasket 1
.

16 201 Air hose male fitting both ends 83 1237 Breather Assembly And Oil

15 to 20 f t. . . . .. 1 Level Gauge 1

17 399 1!4 snch female air chuck . I 84 2128 Filter Outer Element 1

18 339G 1/4 inch aluminum tubing 85 2131 Screws For Filter 1

w/ fittings . . . . . . . . . 1 86 1240 10 Inch Pulley 1 Groove (1-1%"
' 3450 Belt guard with attachments . 1 Belt) 1

500D Dial O Matic manifold (See . 87 1242 Bearing Seal 1

29 501D
I 88 1243 Pulley Key 1Fig. 2) . . . . . . . . . . . .

Manifold block . 1 89 2104 Filter Retainer
. . . .

! 29 502D 1/2 x 21/2 inch nippie . . . . . 1 90 1250 Connecting Rod Bolt 4

30 503D Safety valve and tank drain . 1 91 1246 Cylinder Bolt 6
l 31' 504D Air guage 200 lb. . . . . . 1

Assembl.iesl 32 505D Spring . . .... . . . . . . . 1
92 1548 Piston. Pin And Rings 2

33 506D Seat.. ......:,........ 1
93 1194 Connecting Rod 2

34 507D Guide . .. ............. 1
94 2150 Cylinder Head With Filter And

35 5080 0 ring . 1.. . . . . . . .. . .
Gasket 136 509D Plunser . . . 1.. ..........

95 2215 Com'pfete Set Gasket 1'

37 510D Spring . . . . 1.. . . . . . . .

38 511D Adjustment knob . . . . . . . . . 1
96 1363 Complete Set Rings I

,

l 39 512D 17 inch tube for tank drain . . 1

When ordering repairs give exact quantity wanted,
model number of unit, number of the part and the
name f the part.

50 1134 Searing Plate Bolt 4
Not I!!ustrated

51 2037 Bottom Valve Plate Only
; (Discharge) 1
' 52 2036 Reed Valve Only (Discharge) 2 -

'

53 2057 Screws For Reed Valves B .

k ,,. ,754 2058 Gasket Middle (For Valve Plate) 1

55 2035 Reed Valve Only (Intake) 2 5.r . c .g.
| 56 1386 Crankcase 1 Q W r- P '-
; 57 1200 Crank Shaf t 1 *% 7

r58 1201 Bearing Plate 1 a -gp %.,

\
W

'l 2023 Spirol Pin For Valve Plate 2 ,

n .2149 Top Valve Plate Only (Intake) 1 i e

Q .' \
' '

/. J 1394 Cylinder 1 \ .' ;

i -62 1208 Connecting Rod 2
i

| 63 1319 Piston Pin . 2 g* (
' I A64 1533 Comnression Ring (2 Per Piston) 4

1f [65A 1534 Compression Ring (1 Per Piston) 2
,

. .

~.
" - - +'e'-- w g -p e - ,- ,.-

'
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ment on which the engine is used, specifies the top exceed 85% of this rating. Engine power will decrease 3%% .
governed no load speed at which the engine may be for each 1.000 feet (304.8 m) above sea level and 1'/o for -

operated. DO NOT EXCEED this speed. each 10* above 60* F (1G* C). |.

in some areas. locallaw requires the use of a resistor spark i
STANDARD SPEED CONTROL ADJUSTMENT plug so as to suppress ignition signals. If an engine was
Speed adjusting thumb nut 's located on top of engine. originally equipped with a resistor spark plug. be sure to
To increase speed turn thumb nut clockwise. use the same type of spark plug for replacement. !

TUNE-UP SPECIFICATIONS
ANoARo TURN THuMe SCREW CLOCKwlsE

GOVERNOR TO INCRE AsE SPEED -> | Robert
CONTROL

. . .~~

h
'

Spark Plug Type Champion Autotite Bosch !U
Short Plug CJ-8 235 WS9E

,

Long Plug J-S 295 -*

p Resistor Short Plug i RCJ-8 245 WSR9E
_ d g~ /p(h- - Resistor Long Plug RJ-8 306 -

-
-

Spark Plug Gap . . . . . . . . . . . . . . . . . . . . . . . . 030" (.76 m m)
REMOTE SPEED CONTROL Ignition Point Ga p . . . . . . . . . . . . . . . . . . . . . 020" (.51 mm) i

Contro!s on powered equipment should move speed lever intake Valve C carance .:. . .. 005" .007" (.13 .18 mm)
in directic, illustrated to increase speed. Remote controls Exhaust Valve Clearance . .. .. 009" .011" (.23 .28 mm) {
may be connected to engine at points indicated. Wire travel WARNING: For electrical safety always remove cable f rom i

*

is shown by arrows. negative (-) side of the battery before attempting any
repairs or maintenance.

78tNaI j*
-

,

T *
..- TO

I

{# (INCREASE .; ,

SPEEo 1, y y
"REMOT E

- 0 *'
,

,-

f., CONTROLS sNTN 'M
s

12 VOLT *
. . .

* ^ " "
MANUAL SPEED CONTROL \/
Move knob as shown to change engine speed. , _ , , , _

MANUAL PULL KNo8 UP TO _ *

- .j _

FRICTION INCREASE SPEEo sg y*

fem,E".E M'*a'
*** ** .m v staan earGOVERNOR

uf "* * " *
CONTROLS ig hdf*N. L9 p =d.iL UAm- .A

ad J'.".'iL- . .
_

'

tenu.t.atto sotsmoso .m,.oo.
esoveoso sosinoso_,s ~~-- A . m -.o.

STORAGE INSTRUCTIONS f
Engines to be stored over 30 days should be completely
d ' '"* ' '"*' ' P '''* "' 9 " * "a 5''' ''*'"9 "ENER INMRMMION 'essential carburetor parts. fuel filter and tank.

. .
The use of a fuel additive, such as STA-BIL. or an equiva-

Jhls engine is a single-cylinder. L-head, air-cooled type. lent, will minimize the formation of fuct gum deposits
during storage. Such an additive may be added to the

MODEL SERIES 100200 to 100299 gasoline in the fuel tank of the engine, or to the gasoline6

Bore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1/2" (63.5 m m) in a storage container.
_Strok e . . . . . . . . . ._ . ._ . . . . . ..2-1/8" (53.98 mm) a. All fuel should be removed from the tank. Run the engine

Displacement . . . . . . . . . . . . . . . . . . 10.43 cu. in (170.9 cc) untilit stops from lack of fuel. The small amount of fuel
Horsepower .. . . . . . . 7.~ . .T. . . . . 4.0 max. @ 3600 RPM that remains in the sump of the tank should be removed

-

Torque (Ft. Lbs.) . . . . . . . . . . . . . . 5.93 max. @ 3050 RPM by absorbing it with a clean. dry cloth.
- MODEL SERIES 130200 to 131299 b. While engine is still warm, drain oil from crankcase.
Bore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9/16" (65. 09 m m) Refill with fresh o61..

St r o k e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7/16" (61.91 mm) c. Remove spark plug. pour one ounce (29 6 cc) of engine
Displacement . . . . . . . . . . . . . . . . . . 12.57 cu. in. (206 0 cc) oil into cylinder and crank slowly to oistribute oil.
Horsepower . . . . . . . . . . . . . . . . . . . 5 0 max. @ 3600 RPM Replace spark plug.
Torque (Ft. Lbs ) . . . . . . . . . . . . . . 7.66 max. @ 3000 RPM
The horsepower rating listed is establisned in accordance d. Clean dirt and chaff from cylmder. cylinder head fans.

with the Society of Automotive Engineers Test Code-J607. blower housing, rotaung screen and mutfler areas.

O .for practical operation the horsepowerloading should not6 e7 tore in a clean and dry area. ~
SmiCGs & sfRA?'JN INGsN(s ARE UAGE ut.vER ONE On uoAE OF thE 8ottomNG patEMrs . . . -

'I 999 491 3 +44 224
*

'2 999 S62 3234937
*3 2 F6 8 39 3 $26 '46 3 62S of . 28 960 3968 P24

3 30$ 223 3 SF2 214 3 SSO 354 3 83126e 3 96e SS4 ' ' ' ' DEssGN
1954 855 2:42 Fat 3 4SF 004 3 S72 307 3 F4S 393 3 992336 3 9Ff 3S3 D.2t3 476 0 FeS 169 0 224 sto 0 247 ott*

388433 3 252 445 3 465 740 3625492 3 736 345 3 90s iv9 J 991 s%2 OfMin PAILN f:. PENWNG
3 949 &en

- . - - - - . - - . - - - - .._ . . . .
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CLEAN COOLING SYSTEM ~ Grass, chaff or dirt may loLE SPEED 3 THROTTLE

clog the rotatirq screen and the air cooling system. AoJusTING SCREW j SToP

,3 especially af ter prolonged service cutting dry grass. Yearly \(p .., ~ g

'lV; or every 100 hours, whichever occurs Srst, remove the . k MQ '' - THROTTLE
-

blower housing and clean the areas shown to avoid over- }[ p
speeding, overneatmg and engine damage. Clean more [ .

I
,

often if necessary. C M) NEEoLE VALVES,,

b
'

$HA
^

FINAL ADJUSTMENTN
olRT *

Place governor speed control lever in " FAST" position."'''%
*

Turn needie valve in until engine misses (clockwise -lean''

mixture) then turn it out past smooth operating point until6 *
i'

- engine runs unevenly (rich mixture). Now turn needle valve
,

to the midpoint between rich and lean so the engine runs& f) g3 smoothly. Next, adjust idle RPM. Rotate throttle counter-
DANGER: Periodically clean muffler area to remove all clockwise and hold against stop. Adjust idle speed
grass, dirt and combustible debris. adjusting screw to obtain 1750 RPM. Release throttle -
SPARK PLUG - Clean and reset gap at .030" every 100 engir.J should accelerate without hesitation or sputtering.
hours of operation, if engine does not accelerate properly, the carburetor

should be re-adjusted, usually to a slightly richer mixture.

CONTROL ADJUSTMENTS: j/ p'E E AuGE
# / / Proper choke and speed control operation is dependent

j ,
upon proper adjustment of remote controls onthe powered

/ b. equipment.
,

TO CHECK OPERATION OF CHOKE CONTROLS: *

\ Remove air cleaner. Move remote controllever to " CHOKE"
*

SPARK PLUG .
*

or " START" position. Choke should be fully closed as
CAUTION: Do not blast clean spark plug. Spark plug shown. Replace air cleaner. j

.should be cleaned by scraping or wire brushing and
washing with a commercial solvent. /_

r3 Sparking can occur if wire terminal does not fit firmly on #, }I [h'ifj'OY'
wt* *

() spark plug, or if stop switch vibrates against spark plug. 'U ( 't

~ - Ng4Reform terminal or repair switch if necessary. e
7o

'CH6K \REMOVE COMBUSTION DEPOSITS every 100-300 hours c(0 E l '

Iof operation. Remove cylinder head and cylinder head ~,
thield. Scrape and wire brush the combustion deposits M CHOKE LINK
from cylinder, cylinder head, top of piston and around
valves. Use a soft brush to remove deposits. Re-assemble To Adjust:g:sket, cylinder head and cylinder head shield. Turn
screws down finger tight with the three longer screws Place remote controllever on equipment in FAST position.
cround the exhaust valve. if so equipped. Torque cylinder Choke operating link "A" should be just touching bell crank
head screws in a staggered sequence to 140 inch pounds lever at "B." See illustration.
(15.82 Nm).

SPARK ARRESTER EQUIPPED MUFFLER - If engine 'd
_ ' ]$;wmuffler is equipped with spark arrester screen assembly, ,/

remove every 50 hours for cleaning and inspection.
' ' e a.

Replace if damaged. - ~_-

/|=TOADJUSTMENTS '

<%/ .

#
CARBURETOR ADJUSTMENTS -

-

IMinor carburetor adjustment may be required to com- svo, sec,-.

pensate for differences in fuel, temperature, altitude or
,

,
, d

load. / Y.

TO ADJUST CARBURETOR - Turn needle valve clock- |
jcno

: ,

fm wise until at just closes. pguorg

(d CAUTION: Valve may be damaged by turning it in teo far. - % ccws m /\
_

,

SPEED CONTROL ADJUSTMENT !Now open needle valve 1% turns counterclockwise. This .

Initial adjustment will permit the engine to be started and The acceptable operating speed range is 1800 to 3600 RPM.
w:rmed up prior to final adjustment. 5 Idle speed is 1750 RPM. The manufacturer of the equip-

- - - . . _ - .... . . _ , , - . _ - .__ . - , .- . _ .
_ -- - . . - . - - -- -. -

, . . - . - . . - . , , _ . _ . - - . , . _ . , .---w. ,. ._. ,,
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I.' TJ f. void muunderstandings which might occur between engme owners and authorized Briggs & Stratton service,

accounts, we are listing causes of enginc failures, where repair or replacement is NOT covered by Briggs &
,

Stratton warranty.
,

.

NORMAL WEAR:'
.

Warranty will not cover repair where normal use has exhausted the life of a pa rt orengine. Engines. like all mechan-
ical devices. need pc ciodic pa rts replacement and service to pcs form well. It should be remembered that the service
life of any engine is dependent on the carc it receives and the conditions under which it has to operate. Some appli-
cations. such as tillers. trash pumps. rotary mowers. are very often used in dusty or dirty conditions, which can

'

cause what appears to be premature wear. Such wear, when caused by dirt, dust, spark plug cleaning grit or other,
abrasive material, which has entered the engine because of improper maintenance,is not covered by Warranty,

s

k
l

ABUSE OR NEGl.ECT:.
,

1. Bent or broken crankshafts: Such damage is normally the result of abuse, such as striking a solid object withc
the cutter blade on a rotary lawn mower, and is not covered by Warranty.

|' 2. Engine repairs required from the use of old or stale fuel are not covered 'oy Warranty. Such failures would
'

include sticking salves, and carburetors and fuel pipes which are clogged by gum deposits which form:

I through the use of stale fuel. Always use clean fresh regular gasoline.

3. Parts which are scored or broken because an engine was operated without sufIicient lubricating oil or the
i ! p er grade of lubricating oil are not covered b Warranty. Check oil level at least every five hours and

3 w en necessary. Change oil at recommende intervalsr

4. Damage caused by overheating or overspeeding is not covered 'ay Warranty. Overspeeding or overheating
occurs if the cooling fins become plugged with dirt, grass or debris, or if an engine is operated in a confined
area without sufIicient ventilation. CTean fins on the cylinder, cylinder head and flywhccl regularly.

E
'

'5. Damage or wear caused by dirt which enters the engine because of improper air cleaner maintenance is. .

7 not covered by Warranty. Clean and re-oil the air ' leaner regularly.

; 6. Damage or wear caused by grit from blast cleaning spark plugs is not covered by Warranty. We do not
i approve of cleaning spark plugs on an abrasive blast cleaning machine, since grit can remain in the plug, and

later enter the engine.
.

.~

i 7. Warrantv does not cover the tune-up or adjustment of an engine unless the need for such repair is the result
i, ; of defects in material or workmanship or both. If equipment is assembled and adiusted by the owner, the

eng:ne Operating and .\taintenance Instructions are sufficiently clear to permit the average owner to make
minor adju>tments. Such minor adjustments are NOT covered by Warranty.

8. Broken parts. which result from excessive vibration caused by loose engine mounting, loose cutter blades,
blade nnbalance, impmperly attaching equipment to engine crankshaft, overspeeding or abuse in operation,p

t are not covered by Warranty.
4

-| 9. Repair or adjustment of associated parts or assemblics such as clutches, transmissions, remote controls, etc.,
which are not of Briggs & Stratton manufacture will not be covered by Briggs & Stratton harranty.

10. Only ORIGINAL Briggs & Stratton parts, or parts approved by Briggs & Stratton may be covered by,

Warranty.

.

WARRANTY 15 AVAILABLE ONLY THROUGH SERVICE CENTERS WHICH HAVE BEEN AUTHORIZED BY THE BRIGGS.

& STRATTON CORPORATION. YOUR NEAREST SERVICF CENTER IS LISTED IN THE YELLOW PAGES OF YOUR TELE.
PHONE DIRECTORY, UNDER " ENGINES, GASOLINE" OR " GASOLINE ENGINES."

-

-
,

( ;
-
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- CHECK O!L LEVEL regularly - af ter each five hours of
- ' " " ' ' 'operation. BE Suffi! OIL LEVEL IS MAINTAINED.

IHANGE OIL af ter first five hours of operation.Thereafter- J5,5,E,"yg,t,y||,tl

. chings every 25 hours of operation. Remove oil drain plug tost or aut cteaue
-, y i. ;q

@4"" '

and drain oil while engine is warm. Redace drain plug. ,

' Remova oil fill plug or oil-minder and rehlt with new oil of- }, i

. $ roper gr.de. Replace oil fill plug or oil-minder. pl$tEh[UIt g . . . . .; ; j
'

''j|3||{t[,4 " ..c.

f. 5 .

- W l* e

Olt FOAM AIR CLEANER ,

)k / DUAL ELEMENT AIR CLEANER

f |p
,

Clean and re-oil foam pre-cleaner at three month intervals'j
or every 25 hours, whichever occurs first.j

-

NOTE: Service more of ten under dusty conditions.
LEvE L .

1. Remove knob and cover.CRAIN PLUG
Cil FILLER PLUr,' 2. Remove foam pre-cleaner by sliding it off of the paper

cartridge. ,

, CHANGE O!L (GEAR REDUCTION optional) Remove oil 3. a. Wash foam pre-cleaner in liquid detergent and water.

level plug and oil fill plug. Drain oil every 100 hours of b. Wrap foam pre-cleaner in cloth and squeeze dry.
oper ti n. To refill. pour 10W-30 oil into filler hole untilit c. Saturate foam pre-cleaner in engine oil. Squeeze to
runs cut livel check hole. Replace both plugs. Oil fill plug remove excess oit
has a vent hole and must be installed on top of gear case 4. Install foam pre-cleaner over paper cartridge. Re-
c r. assemble cover and screw down tight.

_

.- r itttR PLuc ~ - - - = * , ' @- KNOS

''"

% 1. f g' g-COVER
'

,

,

C WING Nuf

.

] h - cup
3

ltvEt @ CARTRioGEO''gu
,

T3 SERVICE AIR CLEANER FoAu
~ PRE-CLEANER

" OIL FOAM" AIR CLEANER

Clean cnd re-oil foam element at three month intervals or a
4

every 25 hours, whichever occurs first. f .

. N TE S*.rvice air cleaner more often under dusty con- (^3yEsE

1. Remove screw. DUAL ELEMENT AIR CLEANER
2. Rem:ve air cleaner carefully to prevent dirt from enter.

Ing cirburetor. Yearly or every 100 hours, whichever occurs first. remove
paper artridge. rService more of ten il necessary.) Clean

3. Tck2 c'ir cleaner apart and clean by tapping gently on flat surface. If very dirty, replace
c. WASH foam element in a liquid detergent and water cartridge, or wash in a low or non-sudsing detergent and

t'] rimove <1irt. warm water solution Rinse thoroughly with flowing water
[''[r!p foam in cloth and squeeze dry. "~from inside out until water is clear. Cartridge must be air
i,. turate foam with engine oil. Squeeze to remove _

dried thoroughly before using.
_

..

L* CESS C'l - ' CAUTION; Petroleum solvents are not to be used to clean

, 4. RerssImble parts and fastr.n to carburetor securely with cartridge. They may cause deterioration of the cartridge.
DO NOT OIL CARTRlDGE. DO NOT USE PRESSURIZEDscrew. 4
AIR. .

\
. . - . . . _ . . . . .. ...

.

*
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necessary with choke opened slightly. When engine starts, 1

( open choke gradually.( }
St:rt, store and fuel engine in a level position. g!,b\

7.,I' *
'

'N.CH'KE ENGINE - Engine may be equipped with either
Manual Choke-A-Matic or Lever-Trol controls.

\ h iMANUAL ClIOKE: Pull choke as illustrated.
)%r J rg /PULL OUT TO CHOKE

-
. .. ]*

- /
-

-

) M +c -

'Eleitric Starter. On engines equipped with 12 volt starting
l 3 h',, systems, turn key to " START" position or press starter3 s

button. On engines equipped with 120 voit starting systems' "

CHOKE A MATICand LEVER-TROLL-Movecontrotsas press "On" button of conductor cord's integral "On-Off*
f:r cs possiole toward " Choke" or Start." switch. Release as soon as engine starts and gradually

open choke,

h v v=e 9
- -

.

/ v
sroo

m .- (-P . J _ , ' ' * Rygg

# -ON-OFF" og, gss +
k CHOKE SwtTCH eurTom

''' ..,

|
Tips to obtain best electric starter performance

P SWITCH: Move STOP switch away from spark plug a. Short starting cycles (2 to 3 seconds) provide the
'

ustrated,if so equipped. ---longest battery life. -

b. Keep the battery fully charged. This assures quick and/
STOP SWITCH %

easy starts.
SPARr. PLUG,4

..

c. Disengage load frorn engine during start.
s
'

&
r. D .@[b

CAUTION: The 120 volt electric starter is equipped with a
three-prong plug for your safety. The longer prong in this4.[ k ,

N,- plug is connected to the starter motor housing. When the%' g */ starter motor is plugged into the three wire cord supplied,fg ,

and the cord is plugged into a properly grounded recept-
e

O ts

acte,it will protect the user from shock should the starter
NOTE: A warm engine requires less chok.mg than a cold motor insulation fail for any reason. If a longer extension

. engine. cord is used with this starter it should also have three-prong

-- NOTE: Engine may not start if controls on powered and three-hole plugs.

equipment do not close choke fully. See ADJUSTMENT
THREE-wlRE

. sectiIn.

@|POVERNOR SPEED CONTROL LEVER: Move
governor throttle control lever to "RUN," " FAST" or m'

&," START" position il so equipped.

CORo PLUG

~TO STOP ENGINE
'- ~ ~~

-o

um key to "OFF" position or move'contiol fever to"STOP"+p ,,

Th START ENGINE F TLen ,

NGER: ALWAYS XEEP HANDS AND FEET CLEAR OF
ER BLADE OR OTHER ROTATING MACHINERY. . ,

Rewind Starter (Can be used tostart engineilthe batteryis j c%m

run low or if engine cannot be startad electncally. Placo - - - |
'-

engine controls m " Start" and key in "On'.' posit 2on.) Grasp -
- ' --

,

start;r handle as illustrated and pull out cord raoidly to CAUTION: Always remove key from switch when leaving
overcome compression and prevent kickback Repeat if 3 equipment unattended or when equipment is not in use.

~ ' .
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U BEFORE STARTING.

- READ THE OPERATING INSTRUCTIONS OF
SPARK PLUG THE EQUIPMENT THIS ENGINE POWCA

* Use a high quality detergent oil classified "For Service SC,

FUEL. #. - 'y SD, SE or MS." Detergent oils keep the engine clea,er and
retard the formation of gum and va:msh deposits. NothingFitL should be added to the recommended oil.t

TO DATTERY - RECOMMENDED SAE VISCOSITY GRADES.'
v VIA STARTER

> SWITCH | | j
U ) ELECTRIC C ' " *# '' E ' " ''-2q E5

-. STARTER I

MOTOR L eM'N'' 'l*Z'' 3
3 W ' | |

~

-

( +rcm.nrinr.r.7 s
REWIND {

.) / NTO BATTERY -
'l l I#

STARTER * VIA AMMETER 'F - 20 o 2o do 6o 8o 1CO
GRIP ' 'o IF FURNISHED *C- N -Po -to o to ?o 30 Io-

'4 s ; TEMPERATuME RANGE ANriCIPArEO BEFOAE P.E u r Git. CHANGE
*

*1f not available, a syntnetic oil may be used naving 5W-20. 5W-30
CVLINoER or SW-40 viscosity.

TO FILL CRANKCASE WITH OIL

80h*E N Place erigine level. Clean area around oil fill before'"

3
remo',ing oil fill plug or oil minder.

, , Oil FILL PLUG Remove oil fitt plug or (optional) oil-
minder. Fill crankcase to point of overflowing. POUR

110 VOLT STARTER SLOWLY. Capacity 1 % pints (0.6 iiters). Replace oil fill plug.

h or oil-minder.-( f:y a

N,
) BELLOWSb LOOK Ford \

#
PRESS'

'

. gk ~ OIL HERE \
MooEL. TYPE ANo COoE /

'NUMBER oN BLOWER HOUSING AIR .5N ' -

.,
- '"CYLINoER CLEANER

HEAo
Ott - ".

~

LEVEL gj-g .

| r, . OIL FILL PLUG OIL-MINDER-

,
. . . -, ;

. )[.k' ' , .. d'I"
EXTENDED Ott FILL (Optional) Remove cap and dipstick.* '

g
'- k FILL TO FULL M ARK on dipstick, POUR SLOWLY.| MI

- 0 41 - Capacity 1% pints (0.6 liters). When checking oil level,; *

. WFFLER .

screw dipstick assembly firmly but slowly until cap bottoms
j .[ on tube. DO NOT OVERFILL. Dipstick assembly must be) securely assembled to tube at all times when engine is-

g operating.
-\ CARSuRETORCRANKSHAFT

i
. , .g c

\
# FUEL TANK

'I' OlPSTICK

EXTENDED OlL FILL-

COVER OIL LEVEL OIL oRAIN PLUG
Ott FILL PLUG CHARGE BATTERY

'

; Charge battery before use on engines equipped with
'

| (OPTIONAL) 12V electric starter motor. See equipment
I manufacturers recommendations.

FILL FUEL TANK*

! Use cican. fresh " regular, low-lead or lead-free" grade
FORu NO. 2r0096-2/7s
PRINTED IN U S.A. g gasoline. DO NOT MIX OIL WITH GASOLINE.

. -. . _ . _ _ . . _ _ . . _ _ _ _ _ . _ _ - _ _ . _ ___ _



L . _ _ _ . _ . _ _ , _ __. _. ,_~- -- --= - - - 7

!

g% @.bem$bC"..Q.@O2:% Briggs & Stratton
OPERATING AND MAINTENANCE'

M s(y
",

* (") gif .j # INSTRUCTIONS -

p MODEL SERIES ,. /~

i;
. d. y' A [ 100200 to 100299

--
,

W
D 130200 to 131299 ( g<

9,. , I.- / |N THE INTEREST OF SAFETY
DO NOT RUN ENGINE AT EXCESSIVE SPEEDS. Operating an ens..ie at excessive speeds increases the hazard of personalinjury.
DO NOT TAMPER WITH PARTS WHICH MAY INCREASE THE GOVERNED SPEED.
For retary laanmower safety. A.N.S.I. Standard Safety Specifications for Power Lawn Mowers specify a maximum blade tip speed of
19.000 feet per minute (96.5 meters per second), pnmarily to reduce the hazard from thrown objects.
Rotary lawnmower manufacturers select the governed top speed of the engine based on the length and design of the cutte'r blade and-

I design of otner mower parts.

I All rotary lawnmowers should be checked for conformance to the A.N.S.I. Standard Safety Specifications for Power Lawn Movers on
blade tip speed. if the engine is repaired or replaced, or if mower parts are changed.
DANGER: GASOLINE VAPOR IS HIGHLY FLAMMABLE. Refuel outdoors preferably, or only in well ventilated areas.

j

DO NOT STORE. SPILL OR USE G ASOLINE NE AR AN OPEN FLAME or devices such as a stove, furrwe. water heater which utilize a
pilot light, or devices that can create a spark.
If gasoline is accidentally spilled, move machine away from area of spilt and avoid creating ar./ source of ignition until gasoline vapors

,

have dissipated.

DO NOT REFUEL GASOLINE TANK WHtLE ENGINE IS RUNNING.
DO NOT RUN THE ENGINE IN AN ENCLOSED AREA. Exhaust gases contain carbon monoxide, an odorless and deadly poison.
TO PREVENT ACO! DENTAL STARTING always remove the spark plug from the engine, before working on the engine or equipment
driven by the engine.

i
Except f or adjustment: DO NOT operate engine if air cleaner or cover directly over :arburetor air intake is termoved. Removal of such part'

,

could create a fire hazard.
;

DO NOT OrERATE WITHOUT A MUFFLER OR TAMPER WITH THL ZXHAUST SYSTEM. Damaged muffters or spark arresters could
I

-
crea*e a fire hazard, inspect periodically and replace if necessary.

.
ALWAYS KEEP HANDS AND FEET CLEAR OF ROTATING PARTS. ., ,_

/7 IN THE INTEREST OF ENVIRONMENT
; , (*)

A muffler which feaks because of rust or damage can permit an increased exhaust noisei.: vel Therefore examine the muffler pcriodically
to be sure it is functioning effect vely. To purchase a new muffler, see SERVICE MD REPAIR INFORMATION.
WARNING: If this engine is not equipped with a spark arrester and is to be used on any forest covered, brush covered, or grass covered
unsmproved land. bef ore using on such land a spark arrester must be added to the mutfler. The arrester must tse maintained in eflective
working order by the operator, in the State of California the above is required by law (Section 4442 of the Cahfornia Puchc Resources

j Code). Other states may have similar laws. Federallaws apply on federaliands. See your Authorized Bnggs & Stratton Service Center
,

i

for spark arrester muffler options."

.

SERVICE & REPAIR INFORMATION.

l

if service or repair is needed. contact an Authorized Briggs & _ .

Stratton Serv ce Center. To serve you promptly and etficiently,the ~

74. ., yService Center will need the model, type and code number on your
r

., engine. ,

g -( /,@MQ,I . . gg
Each Authonzed Service Center carnes a stock of onginal Bnggs & ,,

*

s4Stratton repair parts and is equipped with special service toots.
g Trained mechanics assure expert repair service on all Boggs &, ML

!$Stratton engines. j

h Major engine repairs should not be attempted unless you have the ~ -~

|
proper tools and a tnorough knowledge of interna! comoustion
engine repair procedure. This illustrated book includes 'Theones of Operation , common

Your nearest service center is hsted in 7 specifications, and detailed information covering the ad;ustment,
the " Yellow Pages under " Engines. 1 tune-up and repasr procedures for 2 through 16 H P singic

I ! Gasoline" or Gasotine Engines . He is / cylinder models. It is vailable f rom any Authonzed On9gs &

p one of oser 25.000 authonzed dealers syv Stratton Service Center. Order as Part Number 270962.
available to serve you. viw.ws

o - -

V BRIGGS & STRATTON
BRIGGS & STRATTON CORP..> .ur; *

.

1 Milwaukee, Wisconsin 53201FORM NO 24096-2n9
i PRINTE0 tN U S A. .

.
. . . . . _ _ .

1

. - _ . - --. - _ . _ . _ _ -- - -_
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! Superseding Worronty j
.

i l

' ' BRIGGS & STRATTON ENGINE WARRANTY poi.lCY

, ' (_) effective October 1,1976 i,
,c

Replaces all undated previous Warranties and all Warranties j' '
'

dated before October 1,1976

When warranty repair is justified. Briggs & Stra*. ton Corporation welcomes such repair by any of its Authorized
Service Centers.
In most instances, the requests for warranty brougbt to the attention of our service accounts are handled in a
prompt routine manner with no question regarding their validity. Ilowever, some requests for warranty are te.
ecived which are not justified. In these cases. engine owners may not he aware tha' the premature failure of their

.

engine was the result of abuse or neglect, or that the difficulty which they experience is caused by the equipment
.

rather than the engine.
BRIGGS & f,fRATTON WARRANTY covers only DEFECTIVE MATERIAL and/or WORKMANSillP.

.

~~ ~ ~ ~ ~
--

ViO 0 iO 000000'00000'000'0 iO 0'00'06fffffff6f6ffffff00'000 0'
.

o ONE YEAR I.lMITED WARRANTY j
|o

"For one year from date of purchase, Briggs & Strotron Corporation will replace for the original purchasers, free
o
|c of charge, any part, or ports of the engine, found upon examination by any Factory Authorized Service Center,o

or by the Factory at Milwaukee, Wisconsin, to be defective in materio! vr workmannip or both: this 's the exclu.
i Cg

sive remedy. All transportation charges on parts submitted for replacement under th,is worronty must be borne
|o by purchaser. For wasronty service contact your nearest Authorized Service Center os listed in the ' Yellow Pages'

,

o
under ' Engines, Gasoline' or 'Gosofine Engines.' THERE IS NO OTHER EXPRESS WARRANTY. IMPLIED WARRAN.

. <
' Cg

TIES, INCLUDING THOSE OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE LIMITEDle
TO ONE YEAR FROM PURCHASE AND TO THE EXTENT PERMITTEDBY LAW ANY AND ALL IMPL ED WACf:AN.|c

*

' TIES ARE EXCLUDED. LIABILITY FOR CONSEQUENTIAL DAMAGES UNDER ANY AND ALL WARRANTIES ARE- C

(~) - O< EXCLUDED TO THE EXTENT EXCLUSION IS PERMITTED BY LAW. Some states do not allow limitotions on howo
long on implied worronty losts, and some states do not allow the exclusion or limitation of incidental er con.|c
sequential dorrages, so the above limitation and exclusion may not opply to you. This worronty gives you specificCg
legal rights and you may also have other rights which very from state to state."de.

b Briggs & Strattc1 Corporation,

|
-

c ,
.

* o

Of er>t*
.

F.P. Stratton, Jr.
|C President and Chief Executive Officer

.

0 0
; _0JJ1EMJJJ_033JJJJJJJJJJJJJJ_MM.

NO REGISTRATION (WARRANTY) CARD IS NECESSARY TO OBTAIN WARRANTY ON BRIGGS & STRATTON
| ,
'

ENGINES. FILL IN THE REQUIRED INFORMATION AND RETAIN FOR YOUR RECORD:-

h, (See Dect.I on Blower Housing for Model, Type and Code Number)

Engine Model No. Type No. Code No.

|.
Dealer Purchased From

;.
- Type of Equipment

!*

Nz.ue or Trademark of Equipment Manufacturer'

If warranty service is needed contact your nearest Authorized Service Center. For prompt attentinn your center
will need tc know the engine model, t.spe and code number. the trouble experienced and the total number of
hours the engine has run. If you differ with the decision of a Service Cen,ter on a warranty claim. ask the Service

(m) Center 10 submit all supporting facts to the Factory fur review. If the Factory decides that your claim isjustifirst.'

you will be fully reimbur. sed f or those items accepted as defective.

(over)
1 . f...

. . . .

.
. .

*9
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f1C STAFF QUALIFICATIONS

A. S. Chater - Environmental / Radiation Department Manager

EDUCATION:

M. S. Nuclear Engineering - University of Utah, 1977,
Specialization: Environmental and Radiation Contamination. Research,
System Design and Analysis.

Thesis " Radon-222 Exhalation as a Function of Depth of railings."
University of Utah, June 1977, Salt Lake City. The subject Jealt with
Radon-222 exhalation rate vs. various depths of sundy and fine tailings
and comparison of experimental values to theoretical values.

B. S. Industrial Engineering - University of Utah,1975.

EXPERIENCE:

11/78 to Present: UNC MINING AND MILLING SERVICES, INC.
Environmental / Radiation Department Manager. Complete responsibility
of establishing and implementing radiation safety and environmental
monitoring programs to assure complete compliance with the rules and

(3) regulations. Develop appropriate analytical procedures, training
,

programs, emergency and disaster procedures. In charge of developing
environmental and work area surveillance procedures and programs.
Establishing environmental radiological laboratory to aid and enhance
UNC capability for cietection of radiation, radioactive contamination,
environmental contamination and personnel exposures. Procurement
and maintenance of environmental and radiation monitoring and pro-
tection activities of the Radiation Technicians. Additiona'. responsi-
bilities are to review and approve the maintenance of environmental
and radiation monitoring instruments, operating procedures, to assure
complete compliance with rules and regulations. Furthermore, auditing
conformance to procedural requirements dealing with health, safety,
radiation and environmental protection. Establishing and directing
all Quality Control and Quality Assurance programs associated with
environmental sampling, sample preservation, and laboratory activities.

1977 to 1978: GEORGIA - PACIFIC CORPORATION
Plant Engir g . Complete responsibility of monitoring boiler stack
and reactor stack emmission to comply with State and Federal regulations.
Also monitoring dust emmissions from storage bins and recirculating
system. Monthly SEC environmental report to G. P. headquarters.
Notification of Utah State Division of Health, Bureau of Air Quality
in case of excessive boiler, reactor, storage bins or recirculating

n
( 1

t
.

1.



f1C system emissions within 24 hours of occurrance. Monthly energy con-
sumption report to the Department of Energy at Washington, D. C.

.

Obtained approvals of Utah State Division of Health, Bureau of Air
Quality for any modification, revision, or installation of new equip-
ment. Upgrading plant operation for increased prodtmtion with proper

L. engineering analysis and design. Installation and appication of
electronic and pneumatic controls and drive for increasi t production,
reliability and efficiency. General Plant Engineering responsibilities.

1975 to 1977: FORD, BACON & DAVIS UTAH, INC.
Research Assistant. Worked on the stabilization of uranium mill
tailings piles. Also had complete responsibility for determination
of Radon-222 emanation vs. moisture content, depth of tailings and
pressure. Also investigating the effects of different types of
cover material, chemical treatment and chemical stabilization on
the reduction of Radon-222 emanation.

B. M. Angle - Environmental Chemist

EDUCATION:

B. A. Chemistry - Northwestern University 1970.

n EXPERIENCE:
1 )

5/80 to Present: UNC MINING AND MILLING SERVICES, INC.
Environmental Chemist. Responsible, under supervision of RS0, for
establishing of environmental and radiation laboratory, procurement
and maintenance of radiatien detection instruments. Responsible for
adoption and evaluation of 16boratory analytical procedures to assure
compliance with State and Federal requirements. Responsible for
laboratory certification programs and for Quality Control and Quality
Assurance program. Responsible for the training and supervision of
all laboratory technicians. Assumes all duties and responsibilities
of the RSO in his absence.

7/79 to 5/80: CONTROLS FOR ENVIRONMENTAL POLLUTION, INC.
,0perations Manager. Supervite the three analytical divisions of the-

company. Evaluate, interpret, and report all analytical t esults.
Assist clients in the design and operation of sampling programs to
assure compliance with their environmental and bio-assay monitoring
requirements. Correspond with clients regarding special requirements
or problems with their samples.

9/79 to 5/30: CONTROLS FOR ENVIRONMENTAL POLLUTION INC.
Manager, Nuclear Measurements. Supervise the routine operation and
maintenance of all nuclear measurement instruments used by the company.
Responsible for the evaluation and selection of new instruments as

A needed by the company.
Nj

-

.



f1C 9/78 to 7/79: CONTROLS FOR ENVIRONMENTAL POLLUTION, INC.
Operations Coordinator. Responsible for coordinating the use of all.

laboratory facilities and equipment by the three operational depart-
ments and for ensuring that all work performed for a client by the
different departments was properly assembled and reported. Informed
clients of any difficulties or delays in the analysis of their
samples. Arranged personnel and facilities for special analytical
and report writing projects.

1976 to 1979: CONTROLS FOR ENVIRONMENTAL POLLUTION, INC.
Manager of Biological Sciences. Supervised the personnel of the
radiobioassay department. Supervised the calculation and reporting
of results. Supervised the purchase of all reagents and equipment.
Developed procedures and analytical techniques when necessary to
meet the requirements of the client. Performed numerous special
analyses when client needs required results which could not be ob-
tained by routine methods.

1974 to 1976: CONTROLS FOR ENVIRONMENTAL POLLUTION, INC.
Radiobioassay Chemist. Analyzed human biological samples for specific
radioactive elements and isotopes using standard analytical procedures
When available and designing procedures and techniques when necessary.
Gained substantial experience in the analysis of urine and feces for
radiometric and fluorometric Uranium and isotopes of Plutonium,
Americium, Cobalt, Radium, and other elements.

) ADDITIONAL EXPERIENCE:

1976 to 1980: CONTROLS FOR ENVIRONMENTAL POLLUTION, INC.
Analyze samples and report results in a program to monitor the I-131
concentration in sewage effluent to be used as secondary coolant for
a nuclear reactor. Initial work included the modification of an ex-
isting analytical procedure so that analytical results of the required
sensitivity could be obtained. These results are used to predict
the trends of I-131 concentration in the watec in order to design a
facility capable of substantially reducing or removing the iodine from
t'c water before the water is used by the reactor. Additionally,
assisted in the design and performed analyses in a progrom to deter-
mine the necessary types and concentratior.s of chemicals to provide
for the efficient removal of Radium-226 from a uranium tailings pond.

INSTRUMENTATION USED:

Experienced with the routine operation, maintenance, and repair of:

Alpha Proportional Counters (Nuclear Measurements Corp., Ludlum Instruments)
Alpha Scintillation Counters (Ludlum Instruments)
Alpha / Beta Proportional Counters (Becr. man Low Beta II, Beckman Wide Beta)
Alpha Spectrometers (Northern Scientific, Nuclear Data)

_

( Gamma Sepctrometers (Northern Scientific / Data General)
Liquid Scintillation Counters (Beckman)~

Computer (Tektronics 4051 Basic Language)
Fluorometers (Jarrel Ash, Turner)

. 4 m
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APPENDIX 10.0.1 l

l
STATISTICAL TERMIN0 LOGY
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STATISTICAL TERMIN0 LOGY

.
,. ,

.

'w/
mean: The sum of the test results divided by the number of results taken; that

= individual result, and n = numberis..X = IX /n, where X = mean, Xg
of results

precision: A measure of the reproducibility among replicate observations.
'

Variance: The sum of the squares of deviations of the test results from the
mean after division by one less than the total number of

n
results; that is, VAR = I (X - i )2 (n '1)/g

M

standard deviation: The square root of the variance; that is
1

a = (VAR)b = (X - X ) /(n - 1) **

9
.l*1 _,

range: _ The difference between the highest test result and the-lowest test
- result in a set of observations.

accuracy: A measure of the agreement observed and accepted values.

,

systematic error: Errors that may be traced to the personal errors of the

~(}
experimenter, the instrumental errors of his measuring
devices, the errars that repose in the method of analysis-'
he employs, or a combination of these. Accuracy describes
this type of variability or error.*

random error: The necessity formaking estimations is inherent in the process
of collecting data for the measurement of any cuantity. For
this reason, any measurement will be uncertain, in any amount

- that depends on the relative magnitude of the estimations in-
volved in its evaluation. Careful experimental design can re-
duce this uncertainty; however, small irreducible variations
will remain. Since radioactive decay is a random process, any
counting measurement will have a random error associated with it.
Precision desribes this type of variability or error.

.

bias: The difference between the average of a set of tert results and the ac-
ceoted value. Bias usually is indicated only when a consistent dif-
ference is observed over time and can be corrected for by the applica-
tion of appropriate correction factors. Bias is a measure of the

.
systematic error.

Q
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SIGNIFICANT FIGURES !
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SIGNIFICANT. FIGURES

.

b([J 751though calculations, whether performed by hand, calculator, er
'

computer, usually can generate more digits than are actually needed,~~~~

valid digits often:are thrown away. For this reason the proper use of
-significant figures-should be~ emphasized.1,2- A brief list of rules
can be given for these evaluations.

7.+:
_ Final zeros -in a whole number may or may not be significant. In the1.

_

measurement 1800 mm, do the zeros signify tnat_the length.was measured
(to 1 mm or do they merely locate the decimal point-(i.e., to distinguish
1800 from 18 mm)? .To avoid confusion in cases.of this type, use a
larger unit. If one: chooses the meter as the unit, then 1800 mm
becomes 1.8,1.80, or 1.800 m, depending ~ on the accuracy of the'
measurement.

-2. Zeros'before a decimal point with other preceding digits.are signi-
ficant. ;With no preceding digits, a zero before the decimal point
.is not significant. For example, in the measurement 150.12, the
:zero is significant, but in the measurement 0.12, the zero is not
significant.

3. If there are no. digits preceding a decimal point, the zeros
'following~the decimal point but preceding other digits are not
significant;'these zeros only indicate the position of the decimal

_ point.' Thus, in the measurement 0.050015 kg, the first two zeros
are not significant and serve only to locate the decimal point;

7( x_) ~however, the zeros between 5 and I are significant.

4. ' Final zeros af ter a decimal point are always significant- figures.
~

~

A weight such.as 7.530 g indicates that the measurement was made
.to the nearest milligram.

'

.5. To round ~of f a figure, if.the digit following those to be retained
~

-is less than 5, the digit is dropped and the tetained digits are
not changed.

6. iTo round off a figure, if the digit following those to be retained
is greater than 5, the digit is dropped and the last retained
digit is raised by 1.

,

7. To round off a figure, if the digit following those to be retained

!..
~

is 5 and'there are no digits following it except zeros, then the
last retained digit is raised by 1 if it is odd and kept unchanged i

if it is even.

. Good books concerning quantitative analysis should be consulted for
. discussion of how'to propagate rounding through arithmetic calculation
as well as detailed discussion on the rules above. Generally, analytical
results should not be reported to more than four significant figures.

n
.
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ERRORS CAUSED BY COMPUTATIONAL PPOCESSES i

l

p -

)

T$o types of errors, rounding and truncation, may occur in any numberi- !

cal process.

Truncation errors result from the necessary termination of an othemise
naturally infinite (or very lengthy) process. In most computations, it is
neither possible nor 'necessary to carry an infinite number of significant
figures. Therefore, certain classes of numbers, funtions, or constants will
never be used with exact accuracy. Included are irrational numbers (F2).
transcendental numbers (n or e) orfunctions (logarithm, exponential, sine),
and fractions that have nc terminating representation. With regard to this |
last category, fractions that have an exact representation in one number base )
may not possess this property in another. For example, in the decimal system '

used in manual calculations and by the majority of hand-held and desktop i

calculators, the fraction 1/10 is accurately expresses as 0.1. In the binary |
isystem used by most large scale computers, however, the fraction has no
!

terminating representation and cannot be expressed exactly. Therfore, the

sum of 10 numbers, each expressed as binary representation of 0.1, will not
necessarily result in 1.0.

Rounding and chopping (truncation) errors are generally considered to
be a troublesome problem when using a computer. By rounding, we refer to the
symmetrical rounding procedure discussed previously. Rounding may best be
compared with the chopping process by an example: As the result of some |n '

O ncmerical operation, we obtain the number 0.41877 and wish to express it to
four significant digits; by rounding, 0.41877 becomes 0.4188 but by chopoing
0.41877 becomes 0.4187. In chopping, the digits beyond tiiose that have been
declared signific. ant are ignored and have no effect on the final resulting

,

number. ,

!

Because computers generally have a fixed word length and cannot express
any number with infinite precision, some decision must be made as to what to 1

|do when the limits or precision within the computer are reached. A large
number of FORTRAN compilers do, in fact, set up the object program to use
chopping, which introduces less error in the calculated result than the i

familiar rule for rounding. In addition, the use of the familiar symmetrical
rounding procedure in every arithemetric operation, including the many places
in a program in which it is not really necessary, would waste computer time, j

For computers and calculators, rounding and chopping may introduce errors
not only in internal' calculations, but also in displayed or orintad output.
While the machine internally may carry out arithemetic operttions with pre-
cision is generally not necessary for display or printout of final results.
For straight-line calculations, rounding or chopping the final answer to four
significant figures may introduce a relative error that is greater by several
orders of mangitude than any error accumulated during the calculation. Also,
chopping of the final displayed results by the computer does introduce more
error in the displayed decimal than would rounding. j

g
- 7

\

17

- - -
- -- .

.

.



.

. .
.

Recursive or iterative operations suffer more from the effect of round-
ing or chopping than do straight-line, calculations. This problem is typified

.

([') in the resolution of multicomponent gamma ray spectra, where a set of simul-
taneous ecuations n;ust be solved. In general, there are two types of numeri-
cal techniques for solving simultaneous equations: direct methods, which are
finite. -(Gaussian elimination), and indirect methods, which are infinite
(iterative techniques). Obviously, no practical technique can actually be

- infinite; what is meant is that the direct methods will produce, in principle
(neglectina rounding et rors), an exact soulution, if one exists, in a finite
number of artihmetic operations. An indirect method, on the other hand, would
in principle require an infinite number of arithmetic operation to produce an
exact solution. That is, an direct method has a truncation error, where as a
direct method does not.

Rounding errors may nct be neglected. In a large, ill-conditioned system
the rounding errors in a direct method may make t43 solution meaningless; the
magnitude of the final error may, in severe cases, be larger that the derived
result. Therefore, in spite of its truncation error, an indirect method may
be much more desirable because the problem of accumulated rounding error is
minimized.

n

.
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RADICCHEMICAL. STATISTICS AND COUNTING DATA ,

'

'

O
Statistics', as a science, deals with probability. Prob',oility is a use-

ful concept in all areas of science becasue no two analyses or measurements
give ider,tical answers. Measurements of radioactivity are bound even more
c!esely to statistical evaluation because of the random nature of the dis-
intergration process. The basic laboratory ouestion is i;nw t, determine,
from a few measurements or a single measurement, the best approximation to
a "true" value.

The goal of this manual has been to examine areas and to demonstrate
methods that can be used to reduce systematic errors to the point that only
the small unavoidable fluctuations of random error are orecent. Of course,
every an11ytical result still has a degree of uncertairty. These uncertain-
ties arise from r11 the measurement processes involved in the analysis, such ,

as weighing, volumetric processes, and counting error. An analyst must try
to estimate this error (uncertainty) for each single analysis by prooagating
the random error in all measurements for each indiviual samole. Measuring
radioactivity involves a statistical evaluation of counting measurments to
estimate these uncerthinties and reduce them to as small a figure as possible.

The lower the level of activity in.a sample, the more difficultit is to
distinguish the activity of the sample measurement from sta.tistically allow-
able fluctuations in the background. To evaluate sample measu ements, one
must be able to estimate the sensitivity of the analysis, whier, is sometimesO called lower limit of detection (LLD) or minimum detectable ac 'vity (MDA).
This section describes how sensitivities can be estimated for sme analytical.

methods.

Counting statistics

Two types of statistical distrubutions are used most often in the radio-
analytical laboratory: (1) The Gaussian, or normal, distribution is use to
describe continuous variables, and (2) the Poisson distribution applies to
descrete variables. 1

The form of the Gaussian distribution for n measured is

I -

f(x)= exp
2

"x0 - (* - "I
*

2(o)2x
L _.

where u = mean of the measurement values (x) ,

o = standard deviation = [f(x - u) /(n - 1)]x

O
.
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This equation describes a bell-shaped curve, any area under which
f- is related to the probability of a particular result. This area is
(3/ Citen divided into ranges of a about the mean, p. Thus,x

Area Probability

pio 0.683
*

v

p i 20, 0.955

.

p i 30, 0.997

,

q . This division into regions is the source of terms such as 20, 2 sigma
C 1: vel, and 95 percent confidence level. Gaussian statistics are used in

the radioanalytical laboratory to describe the behavior of multiple
measurements of a single value.

Multiple measurements are seldom possible for most work performed in
the radioanalytical laboratory. Availability of instruments for repeated'

c:untings ir too expensive to maintain. For this reason, the use of Poisson
statistics can allow an estimate of behavior from a single measurement.

The form of the Poisson distribution is expressed as

f(x) = (e'*)(x)*) ,
-

x!
.

where x'= 0, 1, 2,...,

x = estimated mean.'

Thestandarddeviation,s,fortheestimatedmeanis)$'.
;

| EXAMPLE 1: A standard check source was counted to determine the
| c:unter efficiency. The following one-minute counts were observed:

r 7747, 7738, 7840, 7785, 7705, 7667, 7812, 7827, 7623, and 7739. The
'

t:tal count was 77483, and the mean was calculated to be p = 77483/10 =
p. 7748. Thus, for the~ Gaussian distribution,

o = [I(x - p)2/(n - 1)]b = 70,

c:d for the Poisson distribution,

s=)[=88.
The agreemer.t of the two estimates indicates that the counting pro- -

. creded satisfactorily. The Gaussian estimate and the Poisson estimate
, 1(~'ishould be approximately the same. The agreement of the results also shows

x,/ that the Poisson estimate is a quick but satisfactory measure of. counting
data.

!

20,
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For situations in which the standard deviation is of the same order
() of magnitude as the mean, the distribution of data will be markedly non-

Gaussian, and Gaussian probability levels and also propagation' of errors'-

give grossly biased answers. The only way to eliminate the bias is a~~~

very tedious _ trial-and-error ure of the Poisson distribution itself.

j ., The Poisson standard' deviation often appears as slightly different
expressions from that shown above when converted to a counts-per-minute
(counts / min) figure:

,

_

=lx/ts
counts / min

.

.

.

= /R/t ,

.

-where t = counting time,

R = counting rate.

.

PROPAGATION OF ERRORS.

It all radisanalytieni analyses involved only one counting measurement,
estimating the uncertainty .of a final result by applying Poisson statistics
to obtain a standard deviation would be quite simple. He aver, this is-

seldom, if ever, the case since almost all counting data must be corrected

\-)/ for background contributions. Both the sample and background counts have
_

/
uncertainties that must be reflected in the final result. The theory of

propagation of errors can be applied to estimate the reliability of thei

final calculated result.5*6

If Q = f(X,Y, . . .), where X,Y, . . . are independent, normally distributed
variables, the asymptotic uncertainty (variance) in Q resulting from uncer-
tainties in X,Y,... is given by the expression

22 (0Q/DY)2a +a 2= (0Q/0X)2g + , ,,

Q x y
,

The standard deviaticn for Q is found by taking the square root of the
expression. For the specific case of the error of difference between two
counting determinations (Q = X - Y), the proper equation is

,

2 +g = (o,o '
B

g = error of the dif fe rence,where o

o, = estimated standard deviation for the sample,
O = estimated stradard deviation for the background.

B

Formulas for other simple functions are shown in Table.<s

s-)(

'

- .
,

.
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TAD 1E 2 FORMULAE OF PROPAGATION OF ERROR
FOR SOME SIMPLE FUNCTIONS

h,.-
,

,

Function Error formula

g "=- (o 2+o 2) gQ=X Y' o

(a a 2+ba 22 2: Q= 2X i bY 0 =
. 9 y)g

2 y2)hQ'= XY o 2g = XY(ox /X2+g fy

2 y2)42

9_ = X/Y(o /X2+oQ=X 20 f

n(X"'Io)JQ = X" - o =
g x

.

Q~ = ~1n X og= o /Xx
.

-Q = log X og = 0.4340 /X,

'(')v

' Sources: Overman, R. T., and H. M. Llark. Radioisotope Techniques.
~McGraw-Hill Book Co., New York, 1960. 476 pp.

.

Ku, H. H. J. Res. Nat. Bur. Stand. Sect. C, 70: 263, 1966.

,

a

9

'

.

I

s'~~T
$w)

.

|
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EXAMPLE 2: A sample counted for 50 minutes gave a gross count of

(V_)
123 counts; the, background for the same period was 68 counts. The error
of the net count is shown below:

.

b= 11.09 (a,2 123) ;= 123 =a,

O = 68b= 8.25 (a 68) ;=.
B B

(68 + 123)bo E = 13.82 .g
i Therefore, the net count is 55114.
i A more common expression for this error term, when both a sample

measurement and background measurement are involved, is

+ R /t ) 'g (R,/t,o =
g B

where R, gross sample counting cate,=

background counting rate,R =
B

t, sample counting time,=

background counting time.
~

t =
B

EXAMPLE 3: A sample counted for 50 minutes gave a gross count of
pd 137 counts. The background for a 10-minute count was 15 counts.

I Ibl37/50 + 15/10# ,

10/Q ( 50

0.15)b = (0.205)b(0.055 +=

0.45 counts / min.=

i Therefore, che net counting rate is 1.74io.45 counts / min (neglecting signifi-
cant figures). Eecause the gross counting rate is the sum of the background

!. and sample counting rates, the background will dictate the precision of the
| final answer if background and sample counting timec are equal. Therefore,

| counting times must be selected tr minimize the background contribution to
'

| the error term.

| Several possibilities exist for reducing the counting error for a
; particular analysis: (1) increasing the counter efficiency; (2) increasing

the sample size; (3) increasing the counting timc; and (4) lowering the back-
| ground. Increasing the efficiency or sample size gives the greatest benefit
! since these terms are applied directly in all final calculations. Possibili-

i ties (3) and (4) vary with the square root and therefore yield a lesser
reduction in the size of the error term.

; n
| d

-

t
,
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Wheu using background measurements in ana'.ytical calculations, a
( ;?igure representing the background over a long period of t.me, rather
'-'than figures from daily measurements, is preferable. For example, back-

gr:und of 1.2710.10 counts / min averaged over a year is a much better value
fer calculation purposes than a value of 1.33 counts / min determined for a
p;rticular-day. Although using a long-term average in calculations will
t:nd to smooth out fluctuatiore, an average figure. should not, of course,
be used when a radical change in background has occurred.

A test often used to evaluate instrument background measurements to'

'

determine whether the instrument is performing as statistically expected
2.io the Chi-square test, in which Chi-square (X ) is calculated by

n
[ I (x. - x)2}/x,2

'X =
*i=1

individual result,wh;re x. =
1

average of all the measurements.x =

Values of Chi-square have been calculated and tabulated for the number of
values. measured.'

Number of Allowed X*
g

measurements limits
t j

5 0.3 - 13
.

10 2 - 22
-

15 4 - 29

.

7 - 3620

30 14 - 50
.

A value outside the limits indicates that the instrument is not performing
cs expected f' rom statistical cons'iderations.

LIMITS OF DETECTION
<

An examination of equation (15) shows that the percent" error increases
Neithercs the gross counting rate approaches the background counting rate.

the gross counts nor the background counts are hard, fast numbers; instead,
they are members of two distributions that begin to overlap when the sample
h s very low amounts of activity above background. Estimating the reliability
cf the difference between the two measurements becomes a complex problem when

I . _ ,

;v) overlap o: curs.
e

e
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Se'veral methods for estimatin
(''; measurements have been proposed.6'g the LLD or IDA in radioanalyticalThe method most commonly used assumes
K/ - that, unless the gross counting rate is greater than the background count-

ing rate plu: two standard deviations, the amount of activity contained in---

the sample is less than detectable.

EXAMPLE 4: A low-background beta counter has an average background of),
64 counts in 50 minutes measured over a period of a year.

= /| = /64 = 8,s

2s = 16 counts.

In this example, the gross counts must exceed 80 counts in 50 minutes to
- give 95 percent confidence that there is actually any activity present in
the sample.

Another approach to this problem is presented in Refs. 8 and 9. This
procedure uses a statistical technique known as hypothesis testing, in which
two types of-error are assumed to be possible: (1) concluding that there is
sample activity when there is none (Type I error) and (2) concluding that
there is no sample activity when there is some (Type II error). The terms
alpha (a) and beta (p) represent Type I and Type II, respectively; alpha is
usually allowed to be 5 percent (0.05) and beta is usually set at 5 percent
(0.05). The LLD is then approximated as

G ~

3 ,j LLD (k,+ k )s,g ,

.

where k, = the value of the upper percentile of the standardized
normal variate corresponding to the preselected a,

the corresponding value for the predetermined degreek
g = of confidence for detecting the presence of activity -

(1 - p),

s, = the estimated standard error for the net sample count-
Ing.

If the values of a and p are set at the same level (0.05) and the sample
and background counts are close, as would be the case at the LLD, other.

approximations also may be made. If
~

= Vs,2 + sB 'B's
net

and

k =k =ka p,

then

LLD = 2/2 ks~~-
B*

.

$
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(") a 1-B k
v

0.01 0.99 2.327

0.02 0.98 2.054

0.05 0.95 1.645
>.

0.10 0.90 1.282

0.20 0.80 0.842

For the previous example, we can calculate the LLD by this method using
c = $ = 0.05 to fina the background vari ute:

2/3 ks ILLD =
B

ll [64 = 8 ;
~

=s =

2/3(1.645)(8) : 37 counts.LLD =.

This value is the number of net counts above background that must be
; cbserved before one can report a result above LLD. Note that t.his is

}/') o more conservative estimate.of the LLD than that shown in example 4.
-This method of LLD calculation is becoming the most accepted procedure.x'

. This 95 percent confidence criterion is a very rigorous one. A more
[ liberal criterion might be to allow a 20 percent chance of erroneously.

reporting activity when none is actually present and to keep the 5'

percent requirements for not reporting activity when it is actually!

present. This change in criteria would lead to the following expression:
|
i

(k + k ) JE sj LLD = '

B

(1.645 + 0.842) /5 s|
=

B

(2.487) /2 s= g
.

3.52s= *

B

' For the previous example, the LLD calculated by this method would be 28
| net counts. .

.The extraction of results from allowable variations can be difficult
and always introduces a degree of uncertainty in the final result. This
final result must be measured in light of the LLD levels before attaching
meaning or significance to the value. Allowable variations and LLD levels
alsr. must be considered when formulating quality control analysis of

,

q. v''}
labcratory data.,

'
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