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INCINERATION OF HAZARDQUS AND LOW-LEVEL
RADIQACTIVE WASTE BY A SMALL GENERATOR

- INTRODUCTION

Increasing transportation costs and decreasing land availability
for burial sites prompted Arizona State University (ASU) to consider
the potential for incineration as a means to dispose of hazardous and
low-level radioactive waste. The university was issued a federal
grant from the Department of Energy (administered through EG&G Idaho,
Inc.) in 1981 to research the feasibility of a small generator in-
cinerating low-level radioactive waste in a pathological incinerator.
The research included various aspects of environmental impact, public
relations, cost versus benefit and licensing procedures. Three years
of work resulted in a license amendment authorizing ASU to incinerate
certain hazardous and low-level radioactive waste.

The project consisted of four main tasks. They were:

1) Determine the requirements to obtain an amendment to ASU's

broad radioactive material_ users license from the Arizona Radiation

Regulatory Agency (ARRA) which would permit incineration,

2) Determine the need to interface with other national, state or
local agencies,

3) Utilize ASU's existing pathological incinerator for disposal of

hazardous and low-level radioactive waste and devise an appropriate

monitoring system, and
4) Compare the licensing procedures of the other twenty-five Agree-
ment States to those of Arizona.

TASK #1

The ARRA follows the same guidelines for incineration as the
Nuclear Regulatory Commission (NRC). The requirements are listed on
the following page and the supporting documentation from ASU which was
submitted to the ARRA in the license amendment request follows.



NRC Incineration Guidelines
For Medical/Academic Licensees

1. Submit the characteristics of the incinerator such as height of the
stack, height of and distance to buildings in the surrounding areas,
rated airflow of the incinerator in cubic feet per hour or similar units
and its proximity to any air intake ducts.

2. State specifically the isotopes and the maximum amount of each isotope

that you wish to incinerate per burn. For the combination of isotopes

listed, submit calculations to demonstrate that the following conditions .
have been met:

A. The gaseous effluent from the incinerator stack should not exceed
the Timits specified for air in Appendix B, Table II, 10 CFR Part
20 when averaged over a 24 hour period.

B. In order to be in compliance with the ALARA philosophy stated in
section 20.1(c), 10 CFR Part 20, the gaseous effluent from the
incinerator stack should be a fraction (approximately 10%) of the
limits specified for air in Appendix B, Table II, 10 CFR Part 20,
when averaged over a period of one year.

If more than one isotope is involved, your calculations must follow the
"sum of ratios" method in the "Note" at the end of the Appendix B, 10
CFR Part 20.

3. State the maximum number of burns to be performed in any one week and
the maximum number of burns per year. .

4, A. Describe your method for measuring or estimating the concentration
of radioactive material remaining in the ash residue. Unless you
present scientific evidence to the contrary, you must use the most
conservative assumption.

B. Submit your procedures for collection, handling and disposal of the
ash residue, including radiation safety precautions to be observed.

5. Describe procedures to be followed to minimize exposure to personnel
during all phases of the operation, including instruction given to personnel
handling the combustibles and the ash.

6. Submit evidence (e.g., copies of outgoing and incoming letters) to show
that all state and local jurisdiction have been notified of your plans to
incinerate radioactive waste and have no objections to them.



INCINERATOR CHARACTERISTICS

The incinerator is located on ASU property at Price Road and
First Street in Tempe. It was installed adjacent to the Lab
Animal Care Facility (LACF) in December 1980, when the LACF was
also built. It was to be used for pathological waste generated by
ASU labs.

The specifications are as follows:

CONSUMAT Model #C-75P ‘

Dual Chamber - Controlled Air

175 1b/hr (75 cu ft/hr) Capacity

2 Chambers, 3 Burners (natural gas)

Lower: 2 burners 250,000 Btu/hr
operating temp. 1500°F

Upper: 1 burner 700,000 Btu/hr
operating temp. 1800°F

Forced Air Supply:
Lower: 500 cfm
Upper: 500 cfm
Total flow: = 1000 cfm = 4.7 x 105m1/sec
. Stack Ht.: 2.7m (9 ft)
Total Ht.: 6.4m (21 ft)
The original cost of the incinerator was approximately $25,000.00.
An automatic loading devise and a liquid injection system may be added

for an additional estimated installed cost of $22,000.00 and $4,500.00,
a respectively.



GENERAL DESCRIPTION'S

“The CONSUMAT incinerator is a compact, factory assembled
incinerator that employs IIA (Incinerator Institute of

America) recommended velocity profiles in a novel arrange-
ment, that meets or exceeds all Environmental Protectian Adency
(EPA} standards for particulate matter and noxious gas'
emissions, when maintained and operated in & responsible

manner.

The gratelgss lower chamber, or distillation chamber, vol-
atilizes, or partially oxidizes the waste. In the upper
chamber, the gases that are generated in the lower chamber
are fully combusted. As a result, the CONSUMAT incinerator
can consume from Type 0 to Type 6 wastes, when properly set
up for each, without emitting smoke, odor of fly ash. This
is.accomp1ished without the use of water scrubbers or electro-

static precipitators."
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Most of the radioactive waste generated by ASU labs falls into
the category of Type 4 waste, defined as waste consisting of not more
than 85% moisture and 5% incombustible solids. A breakdown of ASU's
waste is shown below. :

Waste % of Total Volume

eanimal remains and animal bedding 50
radioactive 5%

non-radioactive 95%

eliquid scintillation fluid

in 20 ml vials-- primarily toluene ’ 20
glass 70%
plastic 30%

edry waste (paper, gloves, disposable 20

lab equipment)

eabsorbed liquid in one gallon plastic 10
jars filled with wood chips-- primarily
organic solvents

The license amendment currently authorizes incineration of the
isotopes listed in Table #1. The isotopes are categorized according
to abundancy, maximum permissible concentration and half life to
simplify disposal. Isotopes in the same category are placed in the
same waste receptacle in each lab. Category 5 wastes are stored in
a warehouse for decay on the ASU campus before incineration (see
Table #2).

From the warehouse, the waste is taken to the incinerator in
the ASU Radiation Protection Office van. When the incinerator has
been pre-heated for at least 45 minutes the waste is manually loaded
by two people wearing protective clothing (long pants and sleeves,
gloves and a hardhat with a plastic face shield). No more than 200
full 1iquid scintillation vials are loaded at once. Each load burns
for at least 15 minutes before the next is loaded. Information such
as weather conditions, operating temperatures, contents, volume,
weight, activity and stack observations, plus survey results (dis-
cussed later in this paper) are recorded for each burn.



Table #1 WASTE CATEGORIES

Category Isotope % Total Category Isotope % Total
Waste * Waste *
H-3 Ni-63
! C-14 83.8 . Zn-65 6.5
Pm-147 :
Na-22 Sm-151
C1-36
Sr-90 Na-24
2 1-129 4.7 K-42
P-33
5 Rb-86 3.7
$-35
Ca-45 [-125
Mn-54
3 Eu-154 1.0
Eu-155
TOTAL ACTIVITY: 174487 uCi
% NON-BURNABLE: 0.3

* Sealed Sources Not Included

Table #2 DECAY IN

Isotope Half Life ??gaﬁaqirl?ees)
w
Na-22 15 h
K-42 12 h 6 days
P-32 14 d
P-33 24 d
Rb-86 19 d 8 mos.
*$-35 88 d
1-125 60 d 1.5 yrs.

*Because of the longer half life of S-35, it will be stored with
[-125 waste for only 6 half lives in 1.5 yrs.



An estimate of 335 fifty-five gallon drums, based on previous
shipping and inventory records, (see Table #3) was predicted for
the amount of waste to be generated by 1985, five years since the
last shipment. The incinerator is operated once a week to accomo-
date the radioactive waste. (The LACF may operate the incinerator
an additional one or two times weekly, but strictly for non-radio-
active waste.) Each burn lasts between eight to ten hours, which
includes the five hour burn-down time after the last load is com-
plete. Non-radioactive waste, mostly animals and bedding, is
burned with the radioactive material. Before the license was
amended to permit radioactive burning, only non-radioactive rep-
resentative waste, primarily exempt quantities of C-14 and H-3

<0.05 uCi/gm), was burned. The non-radioactive burns have been
conducted since December, 1981.

TABLE # 3. PREVI SHIPPING AND [NV ODATA

DATE NO. DRUMS | NO. MONTHS | DRUMS/ | COST/DRUN FOR TOTAL INCREASE [N

SHIPPED SHIPPED WASTE MONTH SHIPPING COST/SHIPMENT COST/0RUM SINCE
COLLECTED PREVIOUS SHIMPMENT

6/25/74 3 ooeos ses no records no records no records
1/18/75 7 7 1 no records no records no records
12/1777% 10 n .9 25.90 250.00 —wseecoccee
876 | 15 7 2.1 | 28.00 420.00 1.3 x

4/28?7 w 9 1.9 36.00 612.00 1.6 x

1/13/78 21 . 9 2.3 45.50 955.00 1.5 x

2/07/79 8 13 2.9 73.90 2802.10 1.9 x

6/23/80 57 16 3.8 106.67 6080.03 1.6 x

wiez | 2 7 2 3.2 | 600.00 28200.00 5.6 x

* Aspunt in storege; 6/23/80 was date of last shipment



Calculations to demonstrate compliance with the NRC guidelines
for effluent concentrations were performed for the isotopes listed
in Table #1. The NRC requires that the stack top concentration not
exceed the maximum permissible concentration (MPC) values for air
given in Appendix B, Table II, 10 CFR Part 20 (hereafter referred
to only as MPC) when averaged over a 24 hour period, and not exceed
10% of the MPC 1imits when averaged over one year.

The following formula was used to calculate the maximum activity
which could be burned and stay within the suggested limits.

Activity = MPC x Dilution Factor

Q(uCi/sec) = y(uCi/ml) E{(ml/sec)
The results are shown in Table #4 on the following page.

As Table #4 indicates, the allowable amount is much larger than
the actual inventory, except in the case of Sr-90. However, the ARRA
recommended an additional approach for the licensing criterion which
would take into account atmospheric dispersion. So calculations were
made to determine the maximum amount of activity which could be burned
without exceeding 10% of the MPC at the point where the maximum ground
level concentration occurred based on the maximum average windspeed -
and on intermediate stability category. The dilution factor was not
averaged-- instead, only the actual burning time was used. Methods
from D.8. Turner‘s Workbook of Atmospheric Dispersion Estimates ¢
(Reference #2) were used in the calculations.
The maximum ground level concentration was calculated as a func-
tion of effective stack height and meteorological stability. Figure
3-9, page 12, gives the distance to the point of maximum concentration,
Xmax, on the ordinate and the relative maximum concentration, (X“/Q)max,
on the abscissa as a function of effective stack height and stability -

class.
(The effective stack height calculation is given on-page 13).

10



Table #4 NRC SUGGESTED MAXIMUM BURNABLE ACTIVITIES

Isotope ASU X (uCi/burn) Q (uCi/yr.)
Inventory MPC * normalized to 24 hrs. using 10% MPC
(uCi) (uCi/m1) £=4.06x101%m1/burn E=1.48x1013m1/yr.
H-3 118,240 2x1077 8120 2,960,000
c-14 27,743 1x1077 4060 1,480,000
Na-22 250 3x10710 12 4,440
C1-36 90 8x10710 32 11,800
Sr-90 8000 3x10°11 444
I-129 0 2x10711 0.8 296
Ca-45 1,692 1x107° 40 14,800
Mn-54 0 1x107° 40 14,800
Eu-154 0 1x10°10 4 1,480
Eu-155 0 1x1072 40 14,800
Ni-63 1,976 2x1072 81 29,600
Zn-65 0 2x1072 81 29,600
Pm-147 25 2x107¢ 81 29,600
Sm-151 9,470 2x1079 81 29,600
Na-24 0 5x10°° 203 74,000
K-42 0 4x107° 162 59,200
P-32 6,500/0.06 +| 2x107° 81 29,600
P-33 0 1x10710 4 1,480
Rb-86 0 2x10°° 81 29,600
S-35 0 9x107? 365 133,000
I-125 1.5/0.003+ 8x1071! 3 1,180

*Most conservative MPC value, (either soluble or insoluble).

+Amount left after decay procedure.

11
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CALCULATION OF EFFECTIVE STACK HEIGHT

h + AH

Hre]ease = stack

effluent

"effluent = v_ a/i [1.5 + 2.68 x 1073 p(T.-TY/T,) d] *

*Workbook of Atmospheric Dispersion Estimates, by D. B. Turner,
. Environmental Science Services Adm., EPA, 1970, pg. 31.

where: VS ~ stack gas exit velocity (m/s)

d - inside stack diameter (m)
U ~ mean windspeed (m/s)

p ~ atmospheric pressure (mb)
TS ~ stack gas temp (°K)

T, ~ air temp (°K)

2.68 x 1073 ~ constant (mb~! m™!)

FOR_ASU INCINERATOR:

= 21(ft.)(.3048 m/ft) = 6.4 (m)
(total ht.)

- hstack

s © 7.68 (m/s)

1.5(ft.)(.3048 m/ft) = .4572 (m)

= 3.4 (m/s)

= 760 mm Hg = 1013 (mb)

T = 1800°F = °K = (°F-32)5/9 + 273 = 1256°K
T, = 90°F = 305°K

v
d
u
P

OHye1gent = (7-68)(.4572)/(3.4 )[1.5 + 2.68 x 1073(1013) (1256-305)1256) (.4572)]
_Hggey eny = 2-5(m) = 8(ft)
Hralease = 6+4 * 2.5 = 8.9(m) = 27(ft)

13



To comply with the criterion previously mentioned, the maximum
ground level concentration was set to 10% MPC. The relative maximum
ground level concentration was read from the abscissa of Figure 3-9
by using stability category C and an effective stack height of ap-
proximately 9 meters. The maximum activity which could be burned
was calculated using the following relation.

max. ground level conc. = max. relative conc. x _Max. activity .
‘ average windspeed

. - =2y Q{uCi/sec)
Xmax WCT/m1) = (xu/Q)p,  (m2) u(m/sec)
where: = 10% MPC

Xmax
(xu/Q)max =1.4x10°2m2

(taken from Figure 3-9)
u = 3.4 m/sec

Rearranging the terms to solve for Q yields:
Q(uCi/sec)= [(3.4 m/sec)(10% MPC uCi/m)] (7 x 106 mi/m?)
1.4 x 1072(m"2)
Q(uCi/sec) = (10% MPC)(2.43 x 108)

The results for Q are given in Table #5.on the followiﬁg page. .

Notice that the "Q" values from Table #4, the NRC guideline averaging

method, are more restrictive than those of Table #5, the method which

accounts for atomspheric dispersion. All of the isotopes in the ASU

inventory could easily be burned in one year without exceeding the

Table #4 limits, except Sr-90. ASU will not burn more than the amount -
specified in Table #4 to be conservative. A maximum of 400 uCi of

Sr-90 will be burned in one year.

14



Table #5 MAXIMUM BURNABLE ACTIVITIES
BASED ON DISPERSION ESTIMATES

Isotope (32?7&]3 (uCi/burn) Uiy
10% MP for 8.5 hr. burn for 50 burns/yr.
H-3 2x10°8 149,000 7,430,000
c-14 1x1078 74,300 3,720,000
Na-22 3x10711 223 11,100
C1-36 8x10" 11 595 29,700
Sr-90 3x10712 22 1,110
I-129 2x10712 15 7,430
Ca-45 1x10710 743 37,200
Mn-54 1x10710 743 37,200
Eu-154 1x10711 74 3,720
Eu-155 1x10710 743 3,720
Ni-63 2x10°10 1,490 74,300
In-65 2x10710 1,490 74,300
Pm-147 2x10710 1,490 74,300
Sm-151 2x10710 1,490 74,300
Na-24 5x10710 3,720 186,000
K-42 4x10710 2,970 149,000
P-32 2x10710 1,490 74,300
P-33 1x10°11 74 3,720
Rb-86 2x10°10 1,490 74,300
5-35 9x10°710 6,690 334,000
I-125 8x10712 59 2,970

15




The NRC guidelines require that a sum of ratios calculation be
made when more than one isotope is burned simultaneously.

Ch, *C *+ G+ ™ ]
—MFE;_—' 'FFCE- -ﬂFEE- R

Table #6 below gives the sum of ratios for each isotope computed
by assuming the entire ASU inventory is burned in one year.

Table #6 SUM OF RATIOS

Concentration
Inventory at 100 m

Isotope (uCi) wCi/ml) Ratio
H-3 118,240 3.2x10711 0.0016

c-14 27,743 7.5x10712 0.0008

Na-22 250 6.8x107 1% 0.0023
C1-36 90 2.4x107 1% 0.0003
Sr-90 1,000 2.7x10713 0.0900
Ca-45 1,692 4.5x10713 0.0045
Ni-63 1,976 5.3x10713 0.0027
Pm-147 25 6.7x10°15 0
Sm-151 9,470 2.5x10712 0.0127
P-32 0.05 1.3x10717 0

I-125 0.003 8.1x1071% 0

Sum: 0.1149

16



Another area of concern by the ARRA were dose estimates for the
personnel and surrounding public. Various annual dose estimates
were calculated by the method prescribed in the NRC Requlatory Guide
1.109, Appendix C -- Reference #10.

Dose = inhalation rate x concentration x inhalation dose factor
Dia = Ry x; DFA;

. where:
(mrem/yr) ~ annual dose to whole body of an
individual in the age group "a"
due to the inhalation of rad1o-
nuclide "i";
(These calculated values are
given in Tables 7.1 and 7.2.)

DFAi (mrem/pCi) ~ inhalation dose factor; (These were
taken from Tables C.1 and C.3 in
Reference #10. The values are in-
cluded in Tables 7.1 and 7.2.)

(ml/yr) ~ annual air intake;
(These were taken from ICRP, Report of the Task
Group on Reference Man, page 346-- Reference #4.)

xi(pCi/ml) ~ concentration of radionuclides at the area of
interest; (See pages 21 through 25 for the cal-
culations and results.)

The doses given in Tables 7.1 and 7.2 represent the maximum doses
which would result from each isotope if the full amount of activity
given in Table #5 was burned in one year. The actual ASU inventory
(see Table #4) represents only 1.4% of the calculated permissible burn-
able activity. The total dose estimates, calculated by assuming the
actual ASU inventory is burned in one year, are given in Table #7.3.

17



Table #7.1 ADULT DOSE ESTIMATES

DFA i D(mrem/yr. )

Isotope |~ (mrem/pCi) Stack 200 m 300 m
H-3 1.3x1077 6.2x1076 1.2x1078 6.4x10°7
c-14 4.3x10°7 1.0x10°5 2.0x1076 1.1x1076

Na-22 1.3x10°5 9.4x1077 1.8x10°7 9.6x10°8

*C1-36 5.8x1073 1.1x1073 2.2x107% 1.2x107%

Sr-90 1.2x1072 ~ 8.6x1075 1.6x10°5 8.6x1076

I-129 5.5x10°3 2.6x10°3 5.2x10°6 2.8x1078
*Ca-45 3.4x107% 8.2x10°5 1.6x10°3 8.6x10°6

Mn-54 1.8x107% 4.3x10°5 8.4x10°6 4.5x1076

Eu-154 7.4x107% 1.8x1075 3.4x10°8 1.8x1076

Eu-155 1.0x107% 2.4x1073 4.6x1076 2.5x1076

Ni-63 5.4x10°5 2.6x10°5 5.0x1076 2.7x1076

In-65 1.1x107% 5.3x10°5 1.0x1075 5.4x10°6

Pm-147 8.4x1075 '4.0x10°75 7.8x1078 4.2x1076

Sm-151 8.6x1075 4.1x10°S 8.0x107© 4.3x10°8

Na-24 1.7x1076 2.0x10°6 3.9x1077 2.1x1077

* K-42 1.7x1075 1.6x1075 3.2x10°8 1.7x1076
P-32 1.7x107% 8.2x10°5 1.6x1073 8.6x10°6

* p-33 1.7x1075 4.1x1077 7.9x1078 4.3x1078
Rb-86. 1.7x1075 8.2x10°8 1.6x1078 8.6x107?
* S35 1.7x1073 3.7x1075 7.1x1078 3.8x1076
* [-125 1.7x1075 3.3x1077 6.3x10°8 3.4x1078

* DFA values were not given in Reference #10, so estimates
were used based on the average of each category.

+ See Table 7.2.
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Table #7.2

CHILD DOSE ESTIMATES

DFA D(rem/yr.)

Isotope (mrem/pCi) Stack 200 m 300 m
. ‘H-3 2.0x1077 2.2x1073 1.2x1078 6.5x10”7
c-14 1,7x1076 9.4x10° 5 5.2x1076 2.7x10°6
Na-22 4.4x10°5 7.3x10°6 4.0x1077 2.2x1077
. *C1-36 1.7x1072 7.5x1073 4,1x107" 2.2x107%
Sr-90 4.4x1073 7.3x10°5 4.0x10°6 2.2x1076
1-129 2.1x1072 2.3x107% 1.3x10°75 7.0x1076
*Ca-45 1.0x1073 5.5x107* 3.0x10°5 1.6x10°3
*Mn-54 5.4x107% 3.0x107* 1.7x1075 9.2x1076
*Eyu-154 2.2x1073 1.2x107* 6.6x1076 3.6x10°6
Eu-155 1.7x1073 9.4x107" 5.2x10°5 2.8x1075
*Ni-63 1.6x107% 1.8x107" 9.9x1076 5.3x1076
*7n-65 3.3x107% 3.6x107% 2.0x1075 1.1x1075
*Pm-147 2.5x107% 2.8x1074 1.5x10°8 8.1x1078
*Sm-151 2.6x107" 2.9x107" 1.6x10°5 8.6x1076
*Na-24 5.1x107® 1.4x1073 7.7x1077 4.2x1077
y * K-42 5.1x10°5 1.1x107% 6.1x10°8 3.3x1076
* P32 5.1x107% 5.6x107% 3.1x1075 1.7x1075
* p_33 5.1x10°5 2.8x1076 1.5x1077 8.1x1078
. *Rb-86 5.1x10°5 5.6x10°7 3.1x1078 1.7x1078
* S-35 5.1x1075 2.5x107" 1.4x1075 7.6x10°8
* [-125 5.1x1075 2.2x1076 1.2x1077 6.5x1078

* DFA values

were not given in Reference #10, so estimates

were used based on the ratios of the given adult and child

values.

+ R = 8.4x106ml1/yr.
R = 5.5x106m1/yr.
R = 2.4x10%m1/yr.

Adult 24 hr./day exposure
Child 24 hr./day exposure
Adu1t_40 hr./week exposure
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o

For the dose calculations at 200 m and 300 m, the 24 hr./day
intake was used. Dose estimates were made at the stack for an adult
occupational exposure and also for a child 24 hr./day exposure to
determine the dose estimate to the animals at the LACF.

Table #7.3 ACTUAL TOTAL DOSE

Location Dose (mrem/yr)

Adult Stack 9.9x10°5
200 m 1.8x1075
300 m 1.0x1073
Child Stack 1.6x107%
200 m 8.9x1078
300 m 4.9x10°6
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The ground level concentration for the points of interest,
200 m and 300 m, (See Figures 1 and 2 on pages 6 and 22, respectively)
were determined by using Pasquill's model for Gaussian distribution,
(from D.B. Turner's Workbook of Atmospheric Dispersion Estimates --
Reference #2),

A q exp[1/2(H/q,)?]
TTUyUz u

Egn. 3-3 from Reference #2.

Where:
x (uCi/ml) ~ concentration

Q (uCi/burn) ~ emmission rate based on 10% MPC at maximum
ground Tevel concentration-- Table 5 values.

Tys T, horizontal and vertical standard deviations, re-
y spectively-- determined from Figures 3.2 and 3.3
on pages 23and 24 respectively.
u ~ average windspeed = 3.4 m/sec

H ~ effective stack height = 8.9 m

The simplified formulas for the concentration at 200 m and 300 m,
respectively are:
x = Q(uCi/burn) (7.44 x 10715)
x = Q(uCi/burn) (3.9 x 107195)
(Use Q values from Table #5)

Table #8, on page 25, contains the results.
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Figure 2 MAXIMUM GROUND LEVEL CONCENTRATION LOCATION®
RELATIVE TQO SITE BOUNDARIES

private /////,

property

(junk yard)

residential
trailer park

Maximun ground-level concentration occurs at 100 m.
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Table #8 CALCULATED CONCENTRATIONS AT VARIOUS POINTS

Stack x (pCi/ml)

Isotope (10% MPC) 200 m 300 m
H-3 2x10°73 1.11x1076 5.90x10°7
c-14 1x10°5 5.53x1077 2.94x1077

Na-22 3x1078 1.66x1079 8.83x10710

C1-36 8x10 8 4.43x107° 2.36x107°

Sr-90 3x1079 1.64x10710 8.71x10711
I1-129 2x107° 1.12x10710 5.94x1071!

Ca-45 1x1077 5.53x10°9 2.94x107°

Mn-54 1x1077 5.53x10"° 2.94x107°

Eu-154 1x10°8 5.51x10710 2.90x10710

Eu-155 1x1077 5.53x10°° 2.94x1072

Ni-63 2x1077 1.11x1078 5.90x10°°

Zn-65 2x10°7 1.11x1078 5.90x10°°

Pm-147 2x1077 1.11x1078 5.90x107°

Sm-151 2x1077 1.11x1078 5.90x107°

Na-24 5x10°7 2.77x1078 1.47x1078
K-42 4x1077 2.21x1078 1.18x1078
P-32 2x10°7 1.11x1078 5.90x10°°
P-33 1x10°8 5.51x10710 2.93x10710

Rb-86 2x10°° 1.12x10710 5.94x10711
5-35 9x10°7 4.98x10°8 2.65x10°8
I-125 8x107° 4.39x10°10 2.34x10710

Although there is no current ASU inventory of the following
isotopes; the calculations described thus far in this paper were
done for each and will be submitted to the ARRA for incineration
approval. Those isotopes are: Mg-28, K-40, Ca-47, Fe-55, Co-57,
Fe-59, Co-60, Cu-64, Tc-99"™, I-131 and Cs-137.
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Ash Handling Procedure

After the incinerator has cooled sufficiently the health physics
technician, under the supervision of the Radiation Protection Officer,
surveys the ash removal door with a low-level survey meter. If the
reading is not above background level, he opens the door and surveys
the ashes and melted glass with the low-level pancake probe. If the
reading is not above background, he lightly sprays the remains with
water to reduce dust during removal-- being very careful not to spray
the refractory so as to avoid possible damage. The technician, wear-
ing protective clothing, including a dust mask, then breaks-up the
glass and shovels the remains into a 30 gallon steel drum and disposes
of the ash as ordinary trash. If the survey meter reading is above back-
ground level, the waste is re-burned for another day. If the results
are the same foilowing the re-burn, the waste is removed into a metal
drum and shipped for burial along with any other non-burnable radio-
active material at ASU. )

Monitoring Procedures

Air samples are taken about once every month with a portable low
volume air sampler at various points within the site boundary. The
filter is analyzed by gamma spectroscopy and liquid scintillation.

The same is done with wipe sampies.

Soil samples will be taken and analyzed every year for comparison
to samples taken before radioactive burning commenced.

It is hoped that eventually a TLD monitoring program can be utilized.
TLD's would be placed in protective containers around the site and
analyzed periodically for change in the activity level.

TASK #2

The final NRC guideline for incineration concerns the interaction -
with state and local jurisdictions. Before the license amendment could
be approved, the ARRA required that all operating requirements of the
Arizona Department of Health Services (ADHS) be met and that the mayors
of the cities surrounding the incinerator be notified. The Bureau of
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Air Quality Control (AQC), a division of ADHS, serves the same purpose
in Arizona as the Environmental Protection Agency (EPA).

AQC required that the stack emissions not exceed EPA Timits for
particulates or vinyl chlorides. EPA Test Method 106 from Appendix B
in 40 CFR Part 61 was required for the vinyl chlorides, but because of
the manufacturer's specifications and other incinerator operations, a
test for particulate emissions was not required. Inadequate equipment
and procedures caused two unsuccessful vinyl chloride test attempts.
However, from the third test it was proved there were no vinyl chlorides
in the effluent, so AQC approved an operating permit.

It was recently learned that as of March 16, 1984 a new AQC regu-
lation governing incinerator operations will take effect. The regulation
voids incinerators which burn less than 20 tons per year or produce less
than 40 tons per year of SO2 particulates. Therefore, the operating
permit for the ASU incinerator does not have to be renewed each year.

The mayors of Mesa, Tempe and the Tribal President of the Salt
River Pima Reservation were notified of the plans to incinerate hazardous
and low-level radioactive waste. ASU expected at least a request for a
public hearing on the matter, but only a letter of acknowledgement from
each was received.

TASK #3

Pursuant to the statements, conditions and procedures discussed in
Task #'s 1 and 2 of this paper, a license amendment permitting disposal
by incineration was issued to ASU by the ARRA on Feb. 10, 1984. The
pathological incinerator, installed at the LACF and pre-set for Type 4
waste, needed no mechanical alterations to accomodate hazardous or low-
level radioactive material.

The original task list of the project included designing and in-
stalling a 1iquid waste injection system to the incinerator. The liquid
waste, primarily toluene, would serve as a fuel additive. However, due
to excessive cost and the additional waste management procedures it
would require, the task was deleted. The cost to design the system was
estimated at $4,500.00. Additional waste management procedures would
include either emptying the liquid scintillation vials or crushing them

and separating the glass.
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Monies have been requested to fund moving the incinerator ap-
proximately 30 yards from the building and installing an automatic
Toading device. The estimated cost is $23,000.00. Safety is the
primary objective of the proposal. The funds have not yet been
delegated. -

The main problem encountered in the incinerator operation is
occasional incomplete combustion and, subsequently, black smoke.
The problem is caused from either a mal-functioning burner ignitor .
or an excess of toluene in the load, (the high Btu content requires
more oxygen in the upper chamber than is present). Monthly main-
tenance and a carefully monitored feed rate help remedy the problem.

TASK #4

Each of the 25 other Agreement States were contacted-- first to
determine their licensing requirements and secondly to obtain the
number and contacts of state-licensed incinerators. Table #9 summar-
izes the replies. Unfortunately, the contacts have not been made to
determine more specific requirements and procedures on the problems
encountered. A -
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Table #9 AGREEMENT STATE STUDY

Response 1=least detailed level

4=most detailed level # of
Licensed
State Level Comments Incinerators
Alabama 3 same as in 10 CFR 20 no response
Arkansas 4 own written regs., plus info sheet which ]
includes calculation examples
California 3 2
Colorado 2 NRC guideline sheet 1
Florida 4 own written regs., plus info on commercial 2
incinerator service
Georgia 2 2
Idaho 3 2
Kansas 3 no response
Kentucky 1 no response 2
Louisiana 4 allow incineration without license 3
for H-3, C-14, I-125 (<0.05 uCi/gm.)
Maryland 1 no response
Mississippi 4 own handbook - basically same
guidelines as NRC, 10 CFR 20
Nebraska 3 2
Nevada 3 0
New Hampshire 3 0
New Mexico 1 no response 0
New York 1 no response no response
North Carolina 3 3
North Dakota 2 NRC 2
Oregon 3 NRC 3
Rhode Island 4 very detailed hazardous waste 0
incineration guidelines
South Carolina 1 no guidelines considered 0
Tennessee 2 no response
Texas 4 own handbook - basically same 2
guidelines as NRC, 10 CFR 20
Washington 3 1
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CONCLUSION

The statements, procedures, calculations and results presented
here represent only a summary of all the work involved towards Ticensing
the incinerator. Obtaining the license amendment required over three
years of correspondence and cooperation between ASU, ARRA, ADHS, DOE,
city mayors and others. Experience and a look at the licensing re-
quirements of other Agreement States exemplify the need for more
detailed, specific guidelines. Perseverance however pays off, as
this project has demonstrated that incineration of hazardous and
low-level radioactive waste at ASU is a viable, cost effective
alternative to shallow land burial.
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SUPPLEMENT TO MARCH 1984 REPORT

~ Fable
Table #1 Table #2 Table #4 Table #5 #6
Reference Q Q Suin
Waste Decay of

Isotope MPC T1/2 Category Time uCi/burn uCi/yr uCi/burn uCi/yr Ratio

_T0

Mg-28 1x10 21 h 5 6d 4 1,480 74 3,720 O
K-40 1x10710 1.3x109% 2 4 1,480 74 3,720t G
Ca-47 6x10° 2 4.5d 5 8 m 244 88,800 4,461 223,074 | O
Fe-55 3x1078 2.6 y 3 1,218 444,000 22,307 1,115,370} ©
Co-57 6x107 2 270 d 3 244 88,800 4,461 223,074 1 O
Fe-59 2x1079 46 d 5 1.5y 81 29,600 1,487 74,358 | 0O
Co-60 3x10710 5.3y 2 12 4,440 223 1,163} 0
Cu-64 4x10°8 12.8 h 5 8 m 1,624 592,000 29,743 1,487,160 | 0O
Tc-99™ 5x10°7 6 h 5 6 d 20,300 7,400,000 371,790 18,589,500 | O
I-131 1x10710 8d 5 8m 4 1,480 74 3,171 0
Cs-137 5x10710 30y 2 20 7,400 372 18,590 O




Table #7.1

SUPPLEMENT (cont.)

ADULT DOSE _ESTIMATES

D(mrem/yr. )

DFA +

Isotope (mrem/pCi) Stack 200 m 300 m
Mg-28 *1.7x1073 4.1x10°5 7.9x1078 4,1x10°8

K-40 *5,8x10° 3 1.4x1072 2.7x1073 1.4x10°5
Ca-47 *1,7x10°5 2.4x1073 4.6x10°6 2.4x1076
Fe-55 3.4x10°5 2.5x1072 4.8x10°5 2.5x10°S
Co-57 4.6x10°5 6.6x10"3 1.3x1073 6.8x1076
Fe-59 3.5x1073 1.7x1071 3.3x107% 1.7x107%
Co-60 7.5x167% 5.4x1073 1.0x10°5 5.2x10°6
Cu-64 6.1x1076 5.9x1073 1.1x10°53 5.8x10°6
Tc-99™ 5.2x1077 6.2x1073 1.2x1075 | 6.3x1076

I-131 1.5x1073 3.6x1073 6.9x10°6 3.6x1076
Cs-137 5.4x10°5 6.5x10°% 1.3x1076 6.8x10°7

Table #7.2 CHILD DOSE ESTIMATES
DFA + D(mrem/yr.)

Isotope (mrem/pCi ) Stack 200 m 300 m
Mg-28 *5,.1x1075 2.8x107* 1.5x1077 8.1x1078

K-40 *1,7x1072 9.4x10°2 5.2x10°5 2.7x10°8
Ca-47 *5_.1x10°S 1.7x1072 9.4x1076 4.9x10°6
Fe-55 *1.0x107% 1.7x10°1 9.4x10°5 4.9x10°5S
Co-57 *1.4x10°% 4.6x1072 2.5x1078 1.3x10°3
Fe-59 *5,1x10°5 5.6x10° 3 3.1x10°¢6 1.6x10°6
Co-60 1.9x1073 3.1x1072 1.7x1075 9.0x1076
Cu-64 *5,1x10°5 1.1x107? 6.1x10°3 3.2x10°5
Tc-99" *5,1x10° 5 1.4x10°0 7.7x107" 4.1x10°4

I-131 4.2x10°3 2.3x1072 1.3x1073 6.7x10°6
Cs-137 2.4x107% 6.6x1073 3.6x10°6 1.9x10°6

See notes from original report




SUPPLEMENT (cont.)

Table #8 CALCULATED CONCENTRATIONS AT VARIOUS POINTS

 Table #7.3 ACTUAL TOTAL DOSE

Location

Dose (mrem/yr)

Adult

Stack

200 m
300 m

0

Child

Stack

200 m
300 m

o O O o O

Stack x (pCi/ml)

Isotope (10% MPC) 200 m 300 m
Mg-28 1x1076 5.5x10710 2.9x10710

K-40 1x10°6 5.5x10°10 2.9x10°10
Ca-47 6x10° 5 3.3x1078 1.8x1078
Fe-55 3x1074 1.7x10°7 8.8x10°8
Co-57 6x10°5 3.3x1078 1.8x10°8
Fe-59 2x10°S 1.1x1078 5.8x1079
Co-60 3x1076 1.7x107°¢ 8.7x10710
Cu-64 4x10" ¢ 2.2x1077 1.2x1077
Tc-99" 5x1073 2.8x1078 1.5x1076

I-131 1x10°6 5.5x10°10 2.9x10°10
Cs-137 5x10°6 2.8x107° 1.5x107°
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Arizona Radiation Regulatory Agency Requirements



INFORMATION "0 BE SUBMITTED WHEN REQUESTING AMENDMENT TO DISPQSE
OF RADIDACTIVE WASTE BY DECAY-IN-STQRAGE METHQD

This 1s in reference to your request for information concerning authorization
to dispose of radiocactive waste via decay-in-storage. In order to approve
such an amendment reguest, we need the following information:

1. Please submit a diagram of the area where the waste will be decayed-in-
storage. Show the type, location, and thickness of shielding that you
will have available in this area on your diagram. Your storage area
should be large enough to handle an accumulation of used Tc-99m
generators as well as other solid waste.

Identify adjacent unrestricted areas located across the walls from the
storage area and show that adequate steps have been taken to assure
that radfation levels do not exceed the limits specified in 10 CFR
20.105 (enclosed).

2. Describe your security measures for the decay-in-storage area.

3. Confirmm that radiation levels in this area will be surveyed and recorded
at least weekly.

4. Describe your procedures for monitoring the waste to assure that it has
decayed to background levels prior to disposal. As a minimum, your
description should include these points:

a. Monitor the waste in a low background area.

b. Monitor with a low level GM type survey meter as appropriate for
contamination surveys. Use the most sensitive scale.

¢. Remove all shielding prior to monitoring.
d. Maintain records of these surveys as required under 10 CFR 20.

5. Note that decay-in-storage may not be a practical method of disposal for
Tc-99m generators. These generators may contain long-lived radioisotopic
contaminants. [f you intend to dispose of generators by this method, you
should include procedures for segregating the generator columns so that
they can be monitored separately.

Ba certain to submit your amendment request in duplicate. Unless your

institution is fee exempt, your request should be accompanied by the appro-
priate amendment fee. Refer to 10 CFR 170.

Enclosure 1



oWt ", UNITED STATES

YT & NUCLEAR REGULATORY COMMISSION
Office of Public Affairs
® vens® Washington, D.C. 20656
Na. 80182 FOR IMMEDIATE RELEASE
Tel. 30L/492-7715§ (Wednesday, October 8, 1980)

NRC CONSIDERS CHANGES TO REGULATIONS ON DISPOSAL OF
RADIOACTIVE WASTES RESULTING FROM MEDICAL RESEARCH

The Nuclear Ragulatory Commission is considering changing
its requlations to eliminate the requirement that licensed
biomedical rasearch laboratories and hospitals send animal
carcasses and vials containing tracer amounts of certain
radioactive materials to radicactive waste burial grounds.

Under the amended regulations, licensees would be able to
dispose of these materials without reagard to their radioactivity.

The licensed materials covered by the changes would be:

1) 0.05 microcuries or less of hydrogen-3 or carbon-
14, per gram of liquid scintillation maedia, and

2) 0.05 microcuries or less of hydrogen-3 or carbon-
14, per gram of animal tissue averaged over the weight of
the entire animal.

Tracer amounts of hydrogen-3 and carbon-l4 are added to
chemical compounds or experimental drugs to study the drugs' -
behavior in research animals. After the drug containing
radiocactive material is administered to an animal, & sample
from the animal's urine, blood or body tissue is combdéned
with an organic solvent--such as toluene--in a small vial to
make a "liquid scintillation medium.” The vial is placed in
a "liquid scintillation counter,” which measures the amount
of radioactivity in the sample. The radicactivity amount
can be used to derive the needed information on the behavior
of the drug. The vials are used once and then are ready for
disposal.

Research laboratories and hospitals throughout the
country are using between 84 and 159 million vials per year,
which represents 200 to 400 thousand gallons of liquid
scintillation media. Disposal of this waste in radiocactive
waste burial grounds requires approximately 400 thousand
cubic feet of storage space at a cost of over $13 million
per year.

Enclosure 2
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Animals are also used for the development and testing
of new drugs. Virtually every chemical compound that is
considered for use as a human or veterinary drug is first
tagged with a hydrogen-3 or carton-14 tracer and injected
into research animals to study how the compound behaves.
The animal carcasses containing tracer quantities of hydrogen-
3 and carbon-l4 require about 80 thousand cubic feet of

space in radicactive waste burial grounds at a cost of about
$3 million wer year.

Liguid scintillation media and animal carcasses contain-
ing tracer quantities of hydrogen-3 and carbon-l4 together
constitute the largest voliume of radiocactive medical waste.
Liguid scintillation media make up approximately 43 percent
of the total volume of radicactive waste in burial grounds
that is not related to nuclear power generation and its
supporting fuel cycle. Animal carcasses constitute about 9
percent of the non-nuclear-power-related radiocactive waste
in burial grounds.

Because the amount of hydrogen-3 and carbon-=l4 that
could be released to the environment as a result of this
rulemaking is very small, and because calculations indicate
the dose to any exposed individual is likely to be much less
than 1 millirem per year, the Commission believes that the
changes to the regulations would have little adverse impact
on the environment from a radiological health standpoint.

The proposed rule changes would conserve waste burial capacity
that is already in short supply.

The amendments would also raise the limit for the
amount of hydrogen-3 and carbon-14 that may be released to
sanitary sewerage systems. Under present NRC regulations, a
licensee may release a total of 1 curie of all radioactive
materials in this manner. Raising the limit for hydrogen-3
to 5 curies per year and for carbon-l4 to 1 curie per year,
as would be permitted by the proposed revisions to the
regulations, would) be a negligible addition to the amount of
radioactivity alr&ady present in the natural environment.

Interested persons are invited to submit written comments
on the proposed amendments, which are to Part 20 of the
Commission's regulations, to the Secretary, U.S. Nuclear
Regqulatory Commission, Washington, D.C. 20555, Attention:
Docketing and Service Branch, by November 24, 1980 (45 days
after publication in the Federal Register on October 8, 1980).



STATE OF ARIZONA

RADIATION REGULATORY AGENCY

925 S. 52nd Street, Suite 2 * Tempe, AZ 85281
Phone: (602) 265-4845

January 26, 1981

TO ALL MEDICAL ANO ACADEMIC LICENSEES

There are a number of steps licensees engaged in nuclear medicine practice

and biomedical research can take under NRC rules to substantially reduce, and
in some cases eliminate, the need to send radiocactive waste to commercial low-
level waste disposal facilities. By taking advantage of these alternatives
and following good waste management practices, licensees can often reduce the

- (:} risk of having their programs impacted through further curtailment of commer-

cial waste disposal facilities. Some of the more important steps that can be
taken are to:

1. Segregate radioactive waste from non-radioactive waste to reduce
unnecessary volume. This simply requires a 1ittle time and dis-
cipline in the laboratory.

2. Hold waste with short-1ived radionucliides in storage for decay to
background levels, then dispose of it in the ordinary trash. This
procedure requires a license amendment. (See Enclosure 1 for
information to be submitted with the amendment request).

3. Release certain materials into the sanitary sewage system in
accordance with Article 4, Regulation R12-1-418.

Juqicious use of these three steps can substantially reduce the volume of waste
shipped to burial grounds. Some nuclear medicine laboratories using only short-
lived radionuclides can eliminate waste shipments.

Waste from biomedical research is generally somewhat more difficult to manage.
Two of the most common problems are disposal of liquid scintillation counting
waste (LSCW) and animal carcasses. The most frequently used radioisotopes in
both are tritium and carbon-14. LSCW presents a particularly troublesome
problem due to the flammability and toxicity of the solvents. Disposal of

I LSCW has been given special consideration by the ARRA. The staff has investi-
gated alternatives to managing these wastes and the results have been published
in Nuclear Regulatory publication NUREG-0656.
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Consideration should be given to disposal by incineration for LSCW and labora-

tory animals containing small amounts of tritium and carbon-14. This method *
requires a license amendment; Regulation R12-1-420 contains the provisions

for incineration. Enclosure 2 identifies the information to be submitted .with

an amendment request for incineration.

There are other provisions in the regulations that cover waste disposal. We
have mentioned only the few that are most easily and commonly used. Other
regulatory provisions include: :

1. Disposal by burial in soil in accordance with R12-1-419 (A pro-
posed rule change is under consideration to delete this provision.
It will 1ikely be replaced by a provision which requires specific
approval by license amendment for burial).

2. Release as effluents to unrestricted areas pursuant to Regula-
tion R12-1-407. In keeping with the ALARA concept, this method
should normally be used only for released incident to the pro-
cedures involved.

We suggest that you review and consider alternatives to commercial land burial

for the management of your low-level radioactive waste. Implementation of

some of these alternatives may require an amendment to your license. Amend-

ment requests should be submitted to the ARRA. .

Sincerely,

% ZIWW N

Darrell Warren, Health Physicist
Radioactive Materials

DW: jr

Enclosures:

1. Information to be Submitted When Requesting Amendment
to Dispose of Radiocactive Waste by Decay-in-Storage.

2. Information Required for ARRA Approval of Treatment or
Disposal by Incineration.



Information to be Submitted When Requesting Amendment to Dispaose
of Radioactive Waste by Decay-In-Storage Method

This is in reference to your request for information concerning authorization
to dispose of radioactive waste via decay-in-storage. In order to approve
such an amendment request, we need the follaowing information:

1. Please submit a diagram of the area where the waste will be
decayed-in-storage. Show the type, location, and thickness
of shielding that you will have available in this area on
your diagram. Your storage area should be large enough to
handle an accumulation of used Tc-99m generators as well as
other solid waste.

Identify adjacent unrestricted areas located across the walls
from the storage area and show that adequate steps have been
taken to assure that radiation levels do not exceed the limits
specified in Requlation R12-1-406.

2. Describe your security measures for the decay-in-storage area.

- (:) 3. Confirm that radiation levels in this area will be surveyed and
recorded at least weekly.

4. Describe your procedures for monitoring the waste to assure that
it has decayed to background levels prior to disposal. As a
minimum, your description should include these points:

a. Monitor the waste in a low background area.

b. Monitor with a Tow level GM type survey meter as appro-
priate for contamination surveys. Use the most sensitiye
scale.

Cc. Remove all shie?ding prior to monitoring.

d. Maintain records of these surveys as required under
Article 4.

5. Note that decay-in-storage may not be a practical method of disposal
for Tc-99m generators. These generators may contain long-lived
radioisotopic contaminants. If you intend to dispose of generators
by this method, you should include procedures for segregating the
generator columns so that they may be monitored separately.

- Be certain to submit your amendment request in duplicate.
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Enclosure 2
INFORMATION REQUIRED FOR ARRA APPROVAL
OF TREATMENT OR DISPOSAL BY INCINERATION
1. State specifically the isotopes you'wish to incinerate. For each

2.

isotope listed, you should submit calculations demonstrating that
air concentrations of the effluents at the stack are in accordance
with the requirements of Regulation R12-1-407.

Submit the characteristics of the incinerator, such as height of
the stack,height of and distance to buildings in the surrounding
areas, rated airflow of the incinerator in cubic feet per hour
or similar units and its proximity to any air intake ducts.

The‘gaseous effluent from the fncinerator stack should not exceed
the 1imits specified for air in Appendix A, Table I, Article 4,
when averaged over a twenty-four (24) hour period.

In order to be in compliance with the ALARA philosophy stated in
Regulation R12-1-401.8., the gaseous effluent from the incenerator
stack should be a fraction (approximately 10%) of the limits
specified for air in Appendix A, Table II, Article 4, when averaged
over a one-year period.

Describe the method of measurement or estimation of the concentration
of radfoactive material appearing in ash residue.

Describe the procedures for handling and disposing of ash from the
fncinerator.

Describe procedures to be followed to prevent overexposure of personnel
during all phases of the operation, including instruction given to
personnel handling.

Submit evidence that all State and local regulations concerning incinera-
tion of radioactive material have been met by your institution.

State the maximum number of burns to be performed in any one week and the
maximum number of burns per year. :



INFORMATION REQUIRED FOR COMMISSION APPRQVAL OF
TREATMENT OR DISPOSAL BY INCINERATION

Revised QOctober 3, 1979

1.

State specifically the isotopes you wish to incinerate. For each
isotope listed, you should submit calculations demonstrating that
air _concentrations of the effluents at the stack are in accordance

with the requirements of Section 20.106 of 10 CFR Part 20.

Submit the characteristics of the incinerator such as height of
the stack, height of and distance to buildings in the surrounding
areas, rated airflow of the incinerator in cubic feet per hour or
similar units and its proximity to any afr intake ducts.

The gaseous effluent from the incinerator stack should not exceed
the limits specified for air in Appendix B, Table II, 10 CFR Part
20, when averaged over a twenty-four (24) hour period.

In order to be in compliance with the ALARA philosophy stated in
Section 20.1(c) of 10 CFR Part 20, the gaseous effluent from the
incinerator stack should be a fraction (approximately 10 percent)
of the limits specified for air in Appendix B, Table II, 10 CFR
Part 20, when averaged over a one year period.

Describe the method of measurement or estimation of the concentration

of radioactive material appearing in the ash residue.

Describe the procedures for handling and disposing of ash from the
incinerator. : -

Describe procedures to be followed to prevent overexposure of
personnel during all phases of the operation, including instruction
given to personnel handling the combustibles and the ash.

Submit evidence that all state and local regulations concerning
incineration of radioactive material have been met by your
institution. '

State the maximum number of burns to be performed in any one week
and the maximum number of burns per year.

Enclosure 3
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ARIZONA STATE
UN IVERSITY R i TENPF ARIZONA 43291

UNIVERSITY RADIATION SAFETY OFFICE
10 COLLEGE OF ENGINEERING {D-102) (602) 965-8140

May 20, aR|
TO: Mr. Charles Tedford, Director, Ariz-na Radiation Rexulatory Asency
FROM: Ronald H. Alvarado, Ph.D., Chairman, radiation 3afety Committee

Richard F. Brown, Radiation Safetw "t {icer
SUBJECT: Revision of ASU's Radiocactive Materi:i{s [ icense -7-37.
I. It is requested that subject license be amenderd to provide for the disposal
of radioactive material (RAM) by incineration an! “wirial in accordance with the
provisions of ARRA Rules and Regulations, Title !2, R12-1-4i7; n12-1-419: and
R12-1-420.
I1I. Pertinent information to be considered in this request fnllows:
A. Incinerator:
1. Manufactured by CONSUMAT, gasfired, natholoyical destructor.
2. Performance data.
a. Capacity: 75 cu. ft. or 175 lh/hr.
b. Approximately weight: 11,300 ibs.

c. Lower Chamber: 12 gauge H.R. stcel lined with " mineral wool
insulation and 3" high strenuth 2600 F cast refractnry.

d. Charging Door: 24"x24" free openiny slant "vpe. Lined same
as lower chamber with asbestns rasket at sealinsy surface.

e. Ash Removal Door: 16"x12" frec ‘peniny swinv tvpe lined same
as charging door.

f. Upper Chamber: 12 gauge lined witihi 1% mineral wonl insulation
and 4%" insulation and 4%" insulating 2800 I cast refractory.

g. Stack 2-4' sections lined with 2" insulatine refractory.

h. Spark Arrestor: #2 mesh. Free .:rea equals %4 times hreachiny
area.

i. Burners: Manufactured hy ¥chirn-+- 5. Upper chamher.
700,000 BTU/kr forced air.
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j. Forced Air Supply: Upper and lower chambers approximacelv
500 CFM each powered by a % HP motor driving Dayton Blower
No. 1C791.

3. Location: Approximately 40 acre site nff Price koad at ASU's
Laboratory Animal Care Facility. This facilitv is near the center of the site.
See appendix-A (map of area).

B. Burial: All ash residual from the incinerator will be analivzed for
radioactivity. We do NOT expect the ashes to exceed background activity. I[f
the results of analysis does indicate mixed by-produyct activity it will then be
buried on the Price Road site in an area desiunated by ASU and in compliance
with R12-1-419.

C. RAM to be disposed of through incineration or burial:
1. RAM's with atomic numbers between ! .and 32.

2. Only RAM's with very low specific activity will be incinerated.
(Low specific activity as used in this amendment request neans
the effluent from incineration will not exceed the limits
specified in article R12-1-407 (B).)

3. Material to be incinerated will consist of [LSC vials and LSC
fluid; animal carcasses; routine laboratory supplies (gloves,
absorbent papers, towels, pippettes., "empty' shippinyg containers,
etc.);

4. Liquids which have been absorbed hy diatomaceous earth.
5. There will be NO incineration of heavy metals or alpha emitters.

D. Meteorological Characteristics: Dailv i1t1 will he ntaired from the

Climatology Laboratory on campus. TempeRalulo . ..iiid-diteciivimaid—spees,

bﬂ?o-ﬁﬁﬂ&-_hnmid1;;-and—1!Tﬂ'?!%b-w§++—be-!ve-—d—d-nrumﬁ e 2 N - R

weather conditions will dictate NQ incinerati- — -

E. Geological Characteristics: W.A.

F. Topographical Characteristics: N.A.

G. Procedures to be observed to minimize the risk of unexpected or

hazardous exposures: Adir samples before. during and.after.each.buraxwii b=he
caoducted.by—she~RS0~seef f-tondatermine the dctivity of RAM.frometheeaffluaalt
ee=thre~gtIcR. Any indication of an increase in activity will resulc in the
immediate shut down of the incinerator. Corrective action will he taken to
resolve the situation.
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H. Equipment to be utilized to insure safe operating conditions: {n ad-
dition to the equipment listed on our application for ARRA License =7.37, we
have acquired or will acquire the following:

1. Ludlum model 3 portable survey meter with probes Models, 44-9
(B=G); 44-6 thin wall gm; 43-5 alpha scintillator.

2. High Volume Air Sampler Model 809V RADECO, Inc.

3. Staplex Co. Air Sampler (Low Volume) f9r measurement of particulates.
4. National DRAEGER toxic gas monitor with 140 gas and vapor tubes.

5. Photodosimetry service for area and personnel.

I. Estimate of volume vs estimate of specific activity of material to be
incinerated.

1. Volume and activity of shipment to Richland, Washington 4-23-30

(Covers previous six months accumulation)

Volume: 427.5 cu. ft. (12.08 m3)

Activity (mCi{): 131.56 mCi

Materials: Mixed by-product material consistiny primarly of wW=d,
Colinge Smdlun Sombitvsilteddntled s puddreriwiridegued®Pr NOTE: the followiny
radioisotopes were shipped but would not be incinerated. U-238, Pb-210, 31-210,
Po-210, Am=241, Ra-226, Cf-252.

2. RAM presently on hand in waste storasne awaiting disposal. (7-1-80, 5-1-81).
Volume: 230 cy. ft.
Activity: 208 mCi
Materials: Mixed by-products material. (Approximately same as #l above.)
3. Although the specific activity will probably remain constant per unit
volume, it is anticipated that the volume will increase over the future as it has
in the past.
J. Physical description of incineration site - Note enclosure. (Exhibit 2).
III. EXHIBIT:

A. A re-print of an grticle in the HPS Journal (Vol. 40, No. 4) is enclosed
for information.

B. Map of area.

R el e

Ronald H. Alvarado, Ph.D. ‘:fchard [ Bréw

Chairman, Radiation Safety Committee Radiation Safety Nfficer
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July 20, 1981

Mr. Richard F. Brown
Radiation Safety Officer
College of Engineering
Arizona State University
Tempe, AZ 85281

Dear Dick:

Cnle

STATE OF ARIZONA
RADIATION REGULATORY AGENCY

925 S. 52nd Street, Suite 2 © Tempe, AZ 85281
Phone: (602) 255-4845

We have reviewed your application to dispose of radioactive material by

incinceration. Based on

our analysis and a review by the N.R.C., it is

felt that additional information is needed before an amendment can be

granted.

1. It is required that air concentrations of radioactive materials
in unrestricted areas, as a result of incinerator operation,
not exceed the limits specified in R12-1-407. These may be
met at the stack or at the property boundary. Please determine
which and submit appropriate calculations to demonstrate com-

pliance.

2. Note that different concentration limit¥ are specified for each
isotope, and for soluble and insoluble forms. To demonstrate
your anticipated compiiance, you will need to provide calcula-
tions for each isotope incinerated. You will also need to
document your choice of other than the most restrictive limit.

3. Specific parameters to define "poor weather conditions" are

reguired.

4. A specific procedure for analysis of the ash must be developed.

This must state

type of equipment to be used and activity levels

used as cutoff points.

5. We understand that the incineration project is research in nature

- with many changes in procedures and possible modifications of ~
equipment anticipated. In order to comply with(ArticlTe 10, you —.

rJ

will need to formulate initial procedures and update these as

changes occur.
operations.

These procedures should cover all phases of the
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Mr. Richard F. Brown
July 20, 1981
Page 2

6. The last paragraph of the second column of page 430 of the
article "The Status of Radioactive Waste Management: Needs
for Reassessment” (Health Physics Vol 40, Pages 429-437)
suggests that public exposure should be limited to 10% of
the 1imits given in R12-1-407. Since you have submitted d
this as part of your application, how will you apply these '
restrictions in your program?

Upon receipt of the above information, we will continue to review your
application and issue your amendment as soon as possible.

Sincerely,

C::;;;;;l'é ! 4 if£;//1;b¢k;‘;———~

Darrell Warren, Health Physicist
Radioactive Materials

RB:DW: jr



1. We have chosen to demonstrate our anticipated compliance with the lTimits
specified in R12-1-407 at the nearest site boundary by using the Gaussian ef-
fluent dispersion model. The theoretical basis for the model has been pub-
lished extensively and I'm sure you are familiar with it. As used herein the
average effluent concentration X at the site boundary normalized by the source
strength Q is given by ‘
> ! - e
£ nagwwqaw[ﬁﬁﬁ/ZT
where: .
X= downwind distance to site boundary
u = mean wind velocity
q;(x),o‘,_(xh horizontal and vertical plume standard
deviation for existing atmospheric
stability classification
h= effective release height

For purposes of conservatism it will be assumed that during the course of an
eight hour burn (Incinerator design burn time) there is an average wind velocity
ofe@m@WmI®in the direction of the nearest site boundary (<ewswewemsapproximately
e Q; and O3 are taken from Bowne Bo(74) in which coefficients for dis-
tances ranging as low as Im are tabulated. "h" is taken to be approximately

8m based on stack height and the velocity of stack emmissions.

As suggested in "The Status of Radioactive Waste Management: Needs for Reasses-
sment" (Health Physics vol 40 pp 429-437). We will limit X, the concentration
at the nearest site boundary, to 10% of the limits specified in R12-1-407 and

we will also normalize the effluent source strength Q to our 8 hr burn time

and calculate the maximum activity which maybe incinerated while insuring that
our self-imposed limits are maintained with a significant factor of safety.
Calculations of the maximum activity which may be burned while not exceeding

our limits are tabulated for each isotope which would normally be disposed of
through the Radiation Safety Office, limits have been calculated for an eight
hour burn time under meteorological stability classifications A&F which reflect
the highest and lowest degrees of effluent dispersion. Also shown in Table I
is the total waste shipped from ASU in July 1980. This represents one year's
generation of waste and our current inventory is comparable to these values.



FIGURE 1
Pertinent Dispersion Coefficients
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* Dispersion coefficients from N.E. Bowne
"Diffusion Rates", Journal of the Air
Pollution Control Association 9-74



TABLE 1

Maximum releases of radionuclides

from stack

‘ISOTOPE XMCi/mt Q(A) mCi ' Q(F) mCi 1980 Disposal mCi
—H-3 2(-8) 8330 582 32.600
. C-14 T(-8) 3765 277 16.031
Na-22 5(-10) 249.9 . 16.3 T.28
. P-32 2(-10 83.3 5.42 12.0
. 5-35 9(-10 378.9 24.4 0.01
. C1-36 T(=9) " 416.5 27 0.125
Co-60 T(-9) 316.5 1 27.1 0.043
. Sr=90 3(=12) 1.25 0.08 0.016
. 1-125 8(-12) 3.33 0.22 61.25
Te-12/m - 5(-10) 20.8 | 13.6 0.002
1-131 T(-11) 417 | 0.271 0.005
Cs=-137 2(-10) . 83.3 5.42 4.5

X= 10% of limits prescribed in
R12-1-4Q7

Q= Maximum activity which may be
released in an 8-hr. period
under the limits of X above
and the specified meteorol-
ogical stability category.




We also feel that an estimation of the mean yearly concentration of all
radio nuclides at the site boundary would be useful to you in your de-
cision regarding our license amendment. The Gaussian dispersion model
used previously can be modified to express a prolonged dispersion rate
as below

e et TR
& L TGS, exg| o |

=

—

where (fD)ij is the frequency with which the wind blows towarc a direc-
tion D with wind speed i and stability class j.

Since the long term wind patterns at the facility do not differ signif-
icantly from those at the National Weather Service station at Sky Harbor
International Airport the annual wind rose from that facility is used to
estimate the mean concentration at several locations around the perimeter
of the incinerator site. As before estimations are given for stability
classifications A and F. Q is the value of the source strength and is
given as equivalent to the present inventory of radioactive waste at ASU
normalized over one years time. [



e Ao

Tacinetson Sae

3 e Tucwearea
L :
7 H ’
| A0
&J ‘ Answnay, ,
(& 11 ;
5™
o, Se’ 5 ®
2’
2’

FQS

Heo’

8’

® Sites it wancw EV métiond as
ConcEATeaTon  AaOR BECY Ll 1

(1"



TABLE II

Estimate of Mean Yearly Concentration at Site Boundary

Wind Vector Frequency Wind Speed gzi:.aﬁgry g%ﬁ%&!ﬁ!!&%%%TEILEL
N 6.3% 3.17m/s 125 m 9.29(-15) }11.10(-13)
NE 9.5 3.53 175 1.26(-14) | 1.17(-13)
E 19.3 4.34 425 2.05(-15) {8.50(-14)
SE 14.5 3.53 320 3.78(-15) | 8.97(-14)
S 3.8 3.03 125 5.86(-15) 1 6.93(-14)
SW 5.3 3.35 200 4.13(-15) | 5.05(-14)
W 28.05 4.34 150 3.75(-14) | 8.98(-13)
NW 15.8 3.35 175 2.20(-14) {6.45(-13)
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It is also important to note that the values given in
Tables I and II are based on unrealistically conservative
assumptions. Several of these assumptions are listed below:

Qur Assumptions

1.A11 activity released through
stack emmissions

2.No decay-in-storage before
incineration

3.Wind blows toward nearest
site boundary (North 125m)

4. Extremely unstable meteoroiogical
conditions for dispersion

5.Neglect high volume flow rate
out of stack(taken as point
source)

Realistic Assumptions

Significant percentage of
activity remains in ash

Significant decay especially
of I-125 and P-32

Wind vector most often toward
West (150m), or East (425m)

Slightly favorabie conditions

High volume flow rate (1000 cfm)
considered - lower volume
. concentration of activity.



2. Our response to item 1 has included an analysis based on different
concentration 1imits for each isotope. In al cases we have
demonstrated compliance with the most restrictive limit.

3. Poor weather conditions will include:

1. Likely precipitation anticipated by,
a)National Weather Service prediction
b)60% or greater cloud cover

2. Prolonged atmospheric inversion which would result in
insufficient dispersion of stack effluent.

3. Other conditions deemed pertinent by the ARRA

4. Qur proposed ash analysis procedure is as follows

1. Allow sufficient time for ash to cool
2. Survey outside of charging door and ash-removal door
with portable detector prior to opening.
3. Open ash-removal door slowly while surveying with portable
detector.
—P ? 4. Wet down ash prior to removal to minimize airborne
) radiocactive particles.
—p 2 5. Remove ash to fiberboard containers.
,' 6. Analyze ash in portable Germanium detection system
- - interfaced with multichannel analyzer to determine proper
method of final disposal ( On-site burial, shipment,etc.)

~-

Air samples will be collected at the stack and at site boundaries
with a Staplex filtration system and samples will be analyzed

by liquid scintillation speetrometry.



5. Personnel Dosimetry will be provided to all persons involved
with the incineration of radioactive materials. Wipe surveys
will be performed before and after each burn to insure that
the incinerator and its surroundingsare not contaminated.
Additionally, dosimetry will be provided to any resident of
the nearby residential park who so desires. The ARRA will be

notified of any changes in either operational or experimental
procedure.

6. The suggestion that public exposure be limited to 10% of the
limits specified in R12-1-407 ("The Status of Radioactive
Waste Management..." Health Physics vol.40 pp429-437) has
been incorporated into the caiculations made in item 1.
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RADIATION REGULATORY AGENCY

925 South 52nd Street, Suite #2 ° Tempe, Arizona 85281 ° (602) 255-4845

April 19, 1982

.Ronald H. Alvarado, Ph.D.

Chairman Radiation Safety Committee
Richard F. Brown, RSO

College of Engineering

Arizona State University

Tempe, Arizona 85281

Gentlemen:

We are currently processing your request for amendment of your radioactive
material license #7-37. Before further action can be taken on your request,
we need the following additional information:

1. After careful consideration, we have determined that your
demonstration of compliance with 1imits specified in
R12-1-407 at the nearest site boundary is not acceptable
for this application. Please submit calculations
demonstrating compliance with the emission limits at the
incinerator stack.

2. Your calculations were based on an incinerator design burn
time of eight hours. However, information developed during
the onsite inspection and specifications given in the -
Operator's Manual indicate a maximum and variable design
burn time of five hours. Please determine the actual burn
time and profile that will be utilized and submit recalcula-
tions accordingly. -

3. In calculating the average ground level concentration (%)
using the Gaussian effluent dispersion model, you used an
effective release height of 8 meters. Based on the infor-
mation that you have provided us, we were unable to
duplicate this figure. Please provide additional informa-
tion on this point. :

4. On the first page of your response to our letter of July 20,
1982, the 6th line of the 3rd paragraph, you refer to a
significant factor of safety. It is not clear to us whether
this safety factor refers to the effectiveness of your
self-imposed limits to meet the limits specified in R12-1-407
or your commitment to limit the concentration to no more than
10% of those limits. Please clarify this point and give us
an estimate of the safety factor and its basis.
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April 19, 1982

10.

Please give a projection of quantities of radicactive contaminated
waste to be incinerated for the next five (5) years.

In Table 1 on the third page of your response to our July 20, 1981
letter, in the second column you specify X in terms of curies per
milliliter. This is normally given in terms of curies per cubic

‘meter or microcuries per milliliter. Please review this table

and confirm or correct. You should add to this table realistic
estimates of percentages of radioisotopes incinerated which will
be emitted through the stack and which will be retained in ash,
based on previously published research. .

In Table 2, you give distances to site boundaries for each wind
factor direction shown. Please ciarify as to whether these are
minimum distances, maximum distances, or actual measured dis-
tances in each case. Also, in this table, please specify whether
the concentration figures given are at ground level or are maxima,
and determine whether the point of maximum ground level concentra-
tions occur within or outside the boundary.

The assumptions given on the page following Table 2 needs some
clarification. According to a note given in the Journal Health
Physics, Volume 24, No. 5, May, 1972, page 564 entitled "The
Fate of Radioactive Materials Burnt in an Industrial Incinerator”,
essentially 100% of tritium, Carbon-14, and iodines will be
released through the stack. Sulphur-35 and Tellurium=-127m will
be approximately evenly divided while the majority of the other
isotopes will remain in the ash. Please review the available
1iterature and reconsider your assumptions. With respect to
assumptions 4 and 5, please provide additional information and
clarify your meaning.

On your proposed ash analysis procedure, the analysis should be
sufficient to quantify with reasonable accuracy, the amount of
radioactive material remaining in the ash so that the amount

which will be released via the stack can be quantified. We will
need fairly detailed procedures specifying equipment and estimating
for: lower limits of detection; confidence limits; sample error;

_and overall error in order to adequately judge your procedure. The

same considerations will apply to your proposed air sampling system.

With respect to personnel dosimetry, please specify the type of
dosimetry to be provided and the procedures and criteria to be

used to ensure that all who may require personnel dosimetry are
given same. Additionally, with respect to dosimetry to be pro-
vided to nearby residents, please give the procedures that will be
used for receiving such requests. Finally, please provide calcula-
tions of individual and collective dosages which would accrue to
personnel and surrounding residence.
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11. Please confirm that all other necessary permits for the operation
of this incinerator have been obtained and provide copies of same.
Also provide copies of your procedure for notifying the cities of
Tempe and Mesa and the Salt River Indian Reservation authorities
when burns of radioactive material are to be made. '

12. In order to comply with current standards, an application for
waste disposal of this type must include a cost-benefit analysis
of incineration versus other types of waste disposal and, in
addition, a separate cost-benefit analysis related to the opera-
tion of this site, as opposed to operation of the incinerator at
another location.

13. You have indicated an intent to institute stack monitoring using
a system which appears to be based on EPA method 5. Please pro-
vide a complete description of this system and how it would
operate. Also address a question of placing filters in the stack
and what criteria you might use to determine whether or not such
filters are necessary or would be of advantage. This may be part
of your cost versus benefit analysis.

14. You should develop, establish and operate a system of environmental
sampling to confirm calculated deposition and ground level concen-
trations as a function of location and MET regime for the radio-
nuclides to be released. This is particularly important with
respect to the Japanese truck farm located on the university
approximately one mile (SW) from the incinerator site. Pre-
operational environmental sampling should also be considered.

15. When considering your projections of future radioactive material
incineration and projected doses to the population and surround-
ing areas, you should also consider area growth factors and
specific age sex factors.

16. Please consider and establish emergency operating procedures
evaluating the type of emergencies which could occur and the
appropriate response to each.

17. In addition to assuring compliance with the Agency's rules and
requlations, as found in Article 4, please review the following
federal requlations to ensure compliance with them. Title 10,
Code of Federal Regulations, Parts 20.1048; 20.10581-82;
20.106.C.2. (I. through IV); 20.106.C.3.; C.6, D and E.

Upon receipt of the above requested information, we will continue to review
your request and issue the amendment as soon as possible.

Sincerely, ; g

bllands €

Richard Blanton, Health Physicist
Radioactive Materials

RB:jr



April 22, 1982

MEMORANDUM
T0: Dick Blanton, HP, ARRA ’
FROM: Richard F. Brown, Radiation Protection Officer “/

SUBJECT: Submission of letesr to all Agreement States;
notification of

1. 1 have prepared and sent a letter (copy enclosed) to all agreement
states as required by my DOE grant.

2. As replys arrive, I will send you a copy for your files,

NOTE: I have received your letter of 4-18-82 requesting additional
information concerning our application for incineration ammendment.
I would 1i1ke to come to your office with Scott to digsuss a couple
of points prior to preparing a reply. Please call and let me know
a2 convient time for Scott and I to come over.

Enclosure
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ARIZONA STATE
UNIVERSITY TEMPE. ARIZONA 85281

UNIVERSITY RADIATION SAFETY OFFICE
¢/0 COLLEGE OF ENGINEERING (D-~102) (602) 008-86140

July 19, 1982

Richard Blanton

Health Physicist

Radioactive Materials

Arizona Radiation Regquiatory Agency
925 S. 52nd St., Suite 2

Tempe AZ 85281

Dear Mr. Blanton,

Enclosed is our response to your request for additional information concerning
our request for an amendment which would allow disposal of Tow-level radioactive
waste by incineration to our license # 7-37. If you have any further questions,
we would be happy to meet with you to discuss the amendment.

Thank you far your consideration.

Sincerely,

Aol ¥ R

Richard F. Brown
Radiation Protection Officer



1.

release to 10% of the limits previously specified.

To demonstrate compliance with the limits specified in R12-1-407
at the incinerator stack we will again limit yx, the concentration at

As before we have

calculated the maximum activity which may be incinerated while main-
Qur results are presented in Table 1.

taining these limits.

TABLE 1

Maximum Releases Of Radionuclides From Stack

Isotope - (uCi/ml) w (uCi/ml) Q(uCi) Percent Released
H-3 2(10°7) 2000°%) 1159.2 ~100
c-14 1(10°7) 1(10°) 579.0 -100
Na-22 6(1079) 6(10° 19 34.7
P-32 2(10°9) 2(16°19 11.58 5-10
5-35 9(1072) 9(10'9 52.11 50

C1-36 1(10°8) 116 %) 57.90

Co-60 1(1073) 1010 %) 57.90 Q
Sr-90 3(1041) 301013 1.737
1-125 8(10'!) 8(1q'y 0.463 -100

Te-127m 5(10° %) 5(10'% 28.95
1-131 1(1649) 1(10° 1Y 0.579 -100
Cs-137 2(10'°) 2(10 1Y 1.159 80-100

x,* 1imits prescribed in R12-1-407
x2= 10% of limits prescribed in R12-1-407

Q = Maximum activity which may be incinerated
in an 8 hour period under the limits of




2. Calculations were submitted for an eight hour burn time because
it was originally thought that this was the incinerator's design
burn time. [t has since been discovered that the design burn time
is five hours, however we still feel that our calcuylations using

the eight hour burn time provide the best estimate of our releases
because the five hour timer is reactivated after every charge.
Therefore, for most burns the incinerator will be in operation for
at least eight hours or longer. Additionally, the Nuclear Reguiatory
Commission has approved several license amendments hased on caicula-
tions performed for a 24 hour burn time whether or not the incinera-
tor is in operation for that period of time.

3. Our use of eight meters as our effective release height was based
on a very conservative estimate of stack height along with effluent
velocity. A more accurate calculation (below) yields an effective
release height of 9.51m. :

Hrelease= Hstack * AHefﬂuent

Vd . -3 Ts - Ta
* Hpaer * T[ 1.5 * 2.68(107)p =t d]

\*X\;\' \.t‘ﬁ;‘\la—“zm Y -
w6 o (7 68wrs) (530, ) N i
6.71m +1/ -5 33, in [1,5 + 2.68(1073)(1013mb)
’ T
12713 - 207 2
1 W ’
)
Hrelease™ 3.51 m.

w;».J f,“‘“\ 57 -



4.

tration far below the agencies R12-1-407 Tlimits.

The "Factor of Safety" which you refer to is based on the ability
of our self imposed limits to allow us to maintain an effluent concen-

Therefore, if we

maintain our self imposed limits we will always have a factor of safety
of at least one order of magnitude.

5.

incinerate an average of approximately 100-125 mCi per year allowing
This should build to a maximum of approximately 150 mCi
A1l radionuclides received for disposal with

for decay.
during the fifth year.

Ouring the next five years the Radiation Protection Office plans to

half lives of less than 60 days will be storéed for decay before incin-
erating to further demonstrate gur commitment to the ALARA philosophy.

6.

Table 1 in our response.

Due to a typographical error the character "." was omitted for
X shouid be specified in terms of micro

curies (uCi) per milliliter.

7.

the next page.

The distances given in Table 2 were estimated from the site map on

The concentration figures presented are at ground level.

Concentration at maxima for the specified directions are given in Table

2.
TABLE 2
x1(10%)pC1/m?

TSOTOPE i SORTE. NE. E SE 3 i IR AT
He3 32.602 | 2.12% .2 1.48 1.78 1.344 1.14 5.16 3.88
c-14 16.031 | 1.04 1.086 .726 .873 .659 .558 3.02 1.903
Na-22 1.28 .083 .0866 .0579 .0696 .0826 .0445 .24 .182
P-32 12.0 .78 .81 .504 654 .495 .419 2.27 1.43
5-35 0.01 .00065 .0068 .00045 .00054 .000412 .00035 .00139 .00119
C1-36 0.125 | .o0812 .00848 .00566 .00681 .00S1S .00276 .0236 .a149
Co-60 0.043 .00279 .00291 .00195 .00234 .00177 .00150 .00811 .0051
Sr-90 0.016 | .00104 .00109 .000726 .000873 | .000659 .000558 | .00302 .0019
1-128 61.25 |3.98 4.16 2.776 .34 2.52 2.14 n.s7’ 7.28
Te-127m| 0.002 | .00013 .00036 .0000907 | .000109 | .000082¢ | .0000s38 | .000378 | .000238
{-131 0.005 .000325 | .000339 | .000227 .0042 .000206 .000174 .000945 .og:fffi

C5-137 4.5 .292 ,308 0,204 245 .las 157 .049 5




and

9. Ash Analysis Procedure

1) Pull samples from several radial distances from centerline.
2) Disolve samples in nitric acid solution.

3) Pull through fritted filter and neutralize to pH of 6.5-70.
4) Pipet 1.0 ml into scintillation vial.

§) Add scintillation flour and- count in.Beckman 100-C 1iquid
scintillation counter.

10. Film badges will be provided to all ASU Radiation Protection

office representatives working at the site. Additionally film badges

will be provided for all lab technicians employed at the ASU Lab-

oratory Animal Care Facility who will be working in close proximity )
to the incinerator. We will also provide dosimetry to several resi-- -
dents of the mobile home park which is near the site. Representa-

tives of the park who would like to participate will be asked to

volunteer through the park's Homeowner's Association. We will also
provide dosimetry at several locations at the park. E

the inhalation dose which would be received at the site boundaries

are tabulated below. :

DOSE _ESTIMATES AT SITE BOUNDARIES

Tnhalation Dose kmreﬁ)yr
Direction Distance (m] Adult Teen Child
North 125 1.69(14%) | 1.31(103) |5.61(10% )
Northeast 175 1.77(163 | 1.26(103) |5.89(10%)
East 425 1.17(103) | 8.42(10%) {3.94(10%)
Southeast 320 1.41(103) | 1.10(103) |4.75(10% )}
South 125 1.07(103) | 8.29(18%) [3.52(14")
Southwest 200 9.01(1d%) | 7.03(10*) {3.03(10%)
Mest 150 4.9010%) | 3.65(10%11.66(16%)
Northwest 175 3.09(103) Mi‘l.os(m)

e o . e e | s o 7 0



11. See enclosures. Copies of permits received from Arizona
Department of Health Services will be forwarded to your office
a8s soon as we receive them.

12. The table below shows a simplified cost-benefit analysis

for operation of the ASU incinerator at the Laboratory Animal

Care Facility vs. shipping waste to a low level waste disposal
site.

Incinerate Waste Ship Waste
Pick up waste and Pick up waste & transport
transport to incinerator | 0.7 hrs{ to RSO warehouse 0.5
Incinerate Waste 1.0 hr | Put liners into drum 0.1
Clean Incinerator and 0.5 hr { Fill drum with waste 0.5
dispose of ashes
Seal and ship waste 0.1
Total per barrel 2.2 hr 1.21
Cost per barrel 522 $12
Incinerate Waste Ship Waste
Orum - 17.50
Liner 2.00
Absorbent 6.00
Shipping 200.00
Supplies per drum Neg. 225350 |
Capital 0 0

Equipment

Misc Miscellaneous expenses will be approximately equal for
both methods of dispesal.

Expenses

Incinerator already installed and paid for through University Lab
Animal Care Program.

Therefore, we have a net difference in cost of approximately 215.00
per barrel of waste disposed. If we assume an average of 75 barrels
of waste shipped from the ASU campus per year, the net cost difference
would be approximately $16,200 per year.



13. Qur stack monitoring will be done with a simple air sampling
system. The cost of instituting a system based on the EPA method
five sampling train would be prohibitive and no significant results
could be expected. Regarding the question of placing filters in
the stack: This incinerator has been rated at a particulate output
of 0.03 grains per dry standard cubic foot (EPA maximum is 0.08
g/ft3). - Therefore the quality filters necessary to reduce the
part1culate output would represent a significant expenditure with
little or no real advantage.

16. The Radiation Protection Office will, in the unlikely event
of an emergency, follow the guidelines estab11shed in the Univer-
sity Radiation Safety Manual.

17. We envision no potential operations of the incinerator which

"will involve the regulations you have cited.
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DOSE RATE DATA



NORTH

___ DFA Xi _DFA
1SOTOPE ADULT TEEN CHILD Xi ADULT TEEN CHILD

H-3 1.34E-7 1.06E-6 2.03E-7 2.12E-2 2.84E-9 2.25E-8 4.30E-9

c-14 4.27E-7 5.66E-6 1.69E-6 1.04E-2 4.44E-9 5.89E-8 1.76E-8

Na-22 1.30E-5 1.76E-5 4,42E-5 0.08E-2 1.04E-8 1.408E-8 3.54E-8

P-32 6.27E-6 6.27E-6 6.27E-6 0.78E-2 4.89E-8 4.89E-8 4.89E-8

Co-60 1.85E-6 2.06E-7 5.07E-7 0.00279E-2 5.16E-11 5.79E-12 1.41E-5

Sr-90 7.62E-4 9.04E-5 2.70E-4 0.00104E-7 7.92E-9 9.4E-10 2.81E-9
Te-127m 1.96E-7 1.96E-7 1.96E-7 .00013E-2 2.55E-13 2.55E-13 2.55E-13
I-131 2.56E-6 3.52E-6 9.47E-6 .000325E-2 8.32E-12 1.14E-11 3.08E-11

Cs-137 5.36E-5 3.79E-5 3.38E-5 . 292E-2 1.57€-7 1.11E-7 9.87E-8
Total 2.32e-7 2.563E-7 2.0776E-17

Dose Rate 1.69E-3 1.31E-3 5.61E-4

mrem/yr mrem/yr mrem/yr

Al



NORTHEAST

1S0TOPE ADULT ngs CHILD X1 ADULT u 222" CHILD
H-3 1.34E-7 1.06E-6 2.03E-7 2.21E-2 2.96E-9 2.34€-9 4.49E-9
c-14 4.27E-7 5.66E-6 1.69E-6 1.086E-2 4.64E-9 6.15E-8 1.84E-8
Na-22 1.30€E-5 1.76E-5 4.42E-5 0.0866€E-2 1.13E-8 1.52E-8 3.83t-8
P-32 6.27E-6 6.27E-6 6.27E-6 .B1E-2 5.08E-8 5.08E-8 5.08E-8
Co-60 1.85E-6 2.06E-7 5.07E-7 2.91E-5 5.38E-11 6.0E-12 14.75€-11
Sr-90 7.62E-4 9.04E-5 2.7E-4 1.09E-5 8.3E-9 9.85E-10 2.94E-9
Te-127m 1.96E-7 1.96E-7 1.96E-7 1.36E-6 2.66E-13 2.66E-13 2.66E-13
I-13) 2.56E-6 3.52E-6 9.47E-6 3.39E-6 8.57E-12 1.18E-11 3.17e-
Cs-137 5.36E-5 3.79E-5 3.38E-5 3.05E-3 1.64E-7 1.16E-7 1.03E-7
Total 2.42t-7 2.468E-7 2.18E-7
Dose Rate 1.767€-3 1.26E-3 5.189E-4

A2



EAST

DFA Xi DFA
150TOPE ADULT TEEN CHILD Xi ADULT TEEN CHILD
H-3 1.34E-7 1.06E-6 2.03E-7 1.48E-2 1.98E-9 1.57€-9 3.00E-9
c-14 4.27€-7 5.66E-6 1.69E-6 7.26E-3 3.10E-9 4.11E-8 1.23E-8
Na-22 1.30€E-5 1.76E-5 4.42E-5 5.79E-4 7.53E-9 1.02E-8 2.56E-8
P-32 6.27€-6 6.27E-6 6.27E-6 5.44E-3 3.41E-8 3.41€-8 3.41£-8
Co-60 1.85E-6 2.06E-7 5.07E-7 1.95E-5 3.63E-11 4.02E-12 9.89E-12
Sr-90 7.62E-4 9.04E-5 2.7E-4 7.26E-6 5.53E-9 6.56E-10 1.96E-9
Te-127m 1.8E-7 1.96E-7 1.96E-7 9.07E-7 1.78E-13 1.78E-13 1.78E-1
1-131 2.56E-~6 3.52E-6 9.47E-6 2.27E-6 5.81E-12 7.99€-12 2.15E-11
Cs-137 5.36E-5 3.79E-5 3.38E-5 2.04E-3 1.09¢E-7 7.73t-8 6.90E-8
Total 1.61E-7 1.65E-7 1.46E-7
Dose Rate 1.17E-3 8.42E-4 3.94E-4

A3



SOUTHEAST

TSOTOPE ADULT rggﬁ CHILD Xi ADULT " ?Egn CHILD
H-3 1.346-7 | 1.06E-6 | 2.03t-7 | 1.786-2 ]| 2.38E-9 1.89E-8 3.61E-9
c-14 4.276-7 | S5.66E-6 | 1.696-6 | 8.73-3 | 3.73E-9 4.94E-8 1.47E-8
Na-22 1.30E:5 | 1.76E-5 | 4.42E-5 | 6.96E-4 | 9.05E-9 1.226-8 3.08E-8
P-32 6.27€-6 | 6.276-6 | 6.276-6 | 6.54E-3 | 4.10E-8 4.10E-8 4.10E-8
Co-60 1.856-6 | 2.06E-7 | 5.076-7 | 2.346-5 | 4.33¢-11 | 4.82e-12 | 1.19e-1
Sr-90 7.626-4 | 9.04E-5 | 2.7E-4 8.73t-6 | 6.65E-9 7.89E-10 | 2.36E-9
Te-127m | 1.96E-7 | 1.96E-7 | 1.96E-7 | 1.09t-6 | 2.14€-13 | 2.14€-15 | 2.14E-13
1-131 2.56E-6 | 3.526-6 | 9.47E-6 | 4.2E-5 1.086-10 | 1.48E-10 | 3.98E-1¢
Cs-137 5.366-5 | 3.79e-5 | 3.386-5 | 2.45€-3 | 1.31€-7 9.29€-8 8.28E-8
Total 1.94E-7 2.15E-7 1.76E-7
Dose Rate | 1.41E-3 1.10E-3 4.75E-4

A4



SOUTH

UFA X1 DFA

TSOTOPE ADULT TEEN CHILD Xi ADULT TEEN CHILD
H-3 1.346-7 | 1.06E-6 | 2.03-7 | 1.344E-2 | 1.80E-9 1.42€-8 2.73€-9
c-14 4.276-7 | 5.666-6 | 1.696-6 | 6.596-3 | 2.81E-9 3.73E-8 1.11E-8
Na-22 1.306-5 | 1.766-5 | 4.426-5 | 5.266-4 | 6.84E-9 9.26E-9 2.32E-8
P-32 6.276-6 | 6.276-6 | 6.276-6 | 4.956-3 | 3.10E-8 3.10E-8 3.10€-8
Co-60 1.856-6 | 2.06€-7 | 5.076-7 | 1.776-5 | 3.276-11 | 3.65€-12 | 8.97E-12
Sr-90 7.626-4 | 9.04e-5 | 7.76E-4 | 6.59E-6 | 5.02E-9 5.966-10 | 1.78E-9
Te-127m | 1.966-7 | 1.96€-7 | 1.96E-7 | 8.246-7 | 1.61€-13 | 1.61E-13 | 1.61E-]
1-13] 2.56E-6 | 3.526-6 | 9.47€-6 | 2.06E-6 | 5.276-12 | 7.256-12 | 1.95E-11
Cs-137 5.366-5 | 3.79e-5 | 3.386-5 | 1.856-3 | 9.92¢-8 7.01E-8 6.25€-8
Total 1.47E-7 1.62E-7 1.32E-7

Dose Rate | 1.07E-3 8.29€-4 3.57E-4

A5



SOUTHWEST

BEA Xi DFA
ISOTOPE | ADULT TEEN CHILD g ADULT TEEN CAILD
H-3 1.39E-7 | 1.06E-6 | 2.03-7 | 1.14E-2 | 1.53€-9 [ 1.21E-8 2.31E-9
c-14 a.276-7 | 5.666-6 | 1.69E-6 | 5.586-3 | 2.38€-9 | 3.16E-8 9.43E-9
Na-22 1.306-5 | 1.76E-5 | 4.426-5 | 4.456-4 | 4.786-9 | 7.83E-9 1.97E-8
P-32 6.276-6 | 6.276-6 | 6.276-6 | 4.196-3 | 2.63t-8 | 2.63t-8 2.63E-8
Co-60 1.856-6 | 2.06E-7 | 5.076-7 | 1.56-5 2.776-11 ) 3.09e-12 | 7.6E-12
Sr-90 7.62€-4 | 9.006-5 | 2.70e-4 | 5.586-6 | 4.256-9 | 5.04-10 | 1.51E-9
Te-127m | 1.96€-7 | 1.966-7 | 1.966-7 | 6.98E-7 | 1.37€-13| 1.376-13 | 1.376-1
1-131 2.56E-6 | 3.52E-6 | 9.476-6 | 1.78E-6 | 4.456-12 | 6.12E-12 | 1.65E-11
Cs-137 5.36E-5 | 3.79-5 | 3.38E-5 | 1.57€-3 | 8.42E-8 | 5.956-8 5.31E-8
| Total 1.236-7 | 1.378€-11 | 1.12E-7

Dose Rate | 9.016-4 | 7.03t-4 3.03E-4

A6



WEST

DFA Xi DFA
SOTOPE ADULT TEEN CHILD Xi ADULT TEEN CHILD
H-3 .34E-7 1.06E-6 2.03E-7 6.16E-2 8.25E-9 6.53E-8 1.25€-8
Cc-14 .27E-7 5.66E-6 1.69E-6 3.02E-2 1.29€-8 1.71E-7 5.10E-8
Na-22 .30E-5 1.76E-5 4.42E-5 2.41E-3 3.13E-8 4.24E-8 1.075;7
P-32 .27E-6 6.27E-6 6.27E-6 2.27E-2 1.42€-7 1.42€-7 1.42E-7
Co-60 .B5E-6 2.06E-7 5.07E-7 8.11E-5 1.50E-10 1.67E-11 4.11E-1
Sr-90 .62E-4 9.04E-5 2.70E-4 3.02E-5 2.30E-8 2.73E-9 8.15€-9
Te-127m .96E-7 1.96E-7 1.96E-7 3.78E-6 7.41E-13 7.41E-13 7.41E-13
1-131 .56E-6 3.52E-6 9.47E-6 9.45E-6 2.42E-11 3.33E-11 8.95E-11
Cs-137 .36E-5 3.79€-5 3.38E-5 8.49€E-3 4.55€-7 3.22E-7 7.87E-7
Total 6.73E-7 7.15€-7 6.08E-7
Dose Rate | 4.91E-3 3.65E-3 1.64E-3

A7



NORTHWEST

DFA , % X1_DFA

TS0TOPE ADULT TEEN CHILD Xi ADULT TEEN CHILD
H-3 1.38E-7 | 1.066-6 | 2.036-7 | 3.886-2 | 5.20E-9 4.11E-8 7.88E-9
c-14 4.276-7 | 5.66E-6 | 1.69E-6 | 1.903E-2| 8.12E-9 1.08E-7 3.22E-8
Na-22 1.30E-5° | 1.76E-5 | 4.426-5 | 1.526-3 | 1.98E-8 2.68E-8 6.72E-8
P-32 6.276-6 | 6.276-6 | 6.276-6 | 1.436-2 | 8.97E-8 8.97E-8 8.97E-8
Co-60 1:855-6 7.06E-7 | 5.07€-7 | 5.1E-5 9.44E-11 | 1.05-11 | 2.59E-11
Sr-90 7.62€-4 | 9.04€-5 | 2.7€-4 1.9€-5 1.45€-8 1.72E-9 5. 13E-9
Te-127m | 1.96E-7 | 1.96E-7 | 1.96E-7 | 2.386-6 | 4.66E-13 | 4.66E-13 | 4.66E-1
1-13) 2.56E-6 | 3.526-6 | 9.476-6 | 5.956-6 ] 1.526-11 | 2.09E-11 | 5.63E-11
Cs-137 5.36E-5 | 3.79€-5 | 3.386-5 | 5.34E-3 | 2.86E-7 2.02€E-7 1.80E-7
Total 4.23E-7 4.69€-7 3.82E-7

Dose Rate | 3.09E-3 2.39E-3 1.03E-3

A8
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ARIZONA STATE '
UNIVERSITY TEMPE, ARIZONA 85281

UNIVERSITY RADIATION SAFETY OFFICE
¢/a COLLEGE OF ENGINEERING (0-102) (802) 985-8140

July 20, 1982

NOTE Original copies sent to: The Honorable Don Strauch
. Mayor of Mesa

The Honorable Harry E. Mitchell
Mayor of Tempe

The Honorable Herschel Andrews
Salt River Pima Tribal President

This letter is to advise you of the intentions of ASU to incinerate "Low-
Level Radiocactive Waste" (LLRAW) at the pathological incinerator located on ASU
property near Price Rd. and First Ave. in Tempe.

I have been given the responsibility of coordinating this project. The pro-
ceeding papagraphs contain a brief explanation and some background information
concerning this project. [ welcome any comments and questions you may have and
would enjoy meeting with you and any interested governmental parties to discuss
the issue.

We first began the project about one year ago by burning representative
non-radioactive waste of the same nature as the LLRAW generated by various ASU
laboratories. This was done to monitor stack effluent and determine whether
or not the results were within Air Quality Control Board (AQCB) limitations.

. We expect to complete the initial testing and receive AQCB approval within the
next two weeks.

We submitted a request to Arizona Radiation Regulatory Agency (ARRA) in
May of 1981 for an amendment to our Radiation Material License which would allow
us to dispose of LLRAW by incineration. The ARRA cannot act officially on our
request until we receive approval from the AQCB. However, they (ARRA) have
been following the project closely inasmuchas ASU is the first in Arizona to
request such authorization.

You may rest assured that we are going to meet all standards of the AQCB
and ARRA and will make every possible effort to set our own standards at least
a magnitude below those prescribed.

Again, let me extend my invitation for you to meet with me and discuss any
gquestions or comments you may have.

Very sincerely yours,
27 ’ :
fochuve! Lorereonm

Richard F. Brown
Radiation Protection Officer
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ARIZONA STATE
UNIVERSITY TEMPE. ARIZONA 85287

UNIVERSITY RADIATION PROTECTION
MCALLISTER OFFICE COMPLEX 130-8 (602) 968-8140/6100

July 18, 1983

Arizona Radiation Regulatory Agency
925 S. 52nd Street, Suite 2
Tempe, AZ 85281

Gentlemen:

Enclosed you will find an updated report and summary of
information previously submitted regarding our request for a
license amendment to incinerate hazardous and low-level radio-
active waste.

Please contact us if you have any questions or further
requirements concerning an amendment.

Thank you.
Sincerely,
Carla Greenup R1chard F. Brown
Student Research . Radiation Protection 0ff1cer
Enclosure

CCG/j1s
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LICENSE AMENDMENT REQUEST
July 1983

Carla Greenup . . . . . . . . . . . Student Researcher

Richard Brown . . . . . . . . . . . Radiation Protection Officer

Assisted by

Scott Miller . . . . . . . . ... preliminary research
Ronald Daggett . . . . . . . . .. computer inventory program
Thomas Hjellming . . . . . . . .. technical assistance
Robert Krouch . . . . . . . . . . . vinyl chioride analysis
Ken Evans . . ., . .. . ... ... weather reports

Work sponsored in part by the Department of Energy, Grant
#DE-FG06-811D12228 administered through EG&G Idaho, Inc.
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ABSTRACT

This report is a summary of the information required by the
Arizona Radiation Regulatory Agency to obtain a license amendment
which would permit incineration of hazardous and low-level radioactive
waste in a small (175 ib/hr.), pathological incinerator. We intend
to incinerate approximately 21 isotopes per year, totaling no more
than 220,000 uCi of activity. This amount constitutes 99.8% of the
expendable low-level radioactive waste on campus. Volume and weight
reductions, from 90-20/1 and 90-6/1, respectively, will result in
substantial savings of money and storage space to the University.
Calculations for concentrations and doses are included in the report,
along with waste management and monitoring procedures, and public

relations correspondence.



INCINERATOR CHARACTERISTICS

The incinerator is located on ASU property at Price Road and
1st Street in Tempe. It was installed adjacent to the Lab Animal
Care Facility (LACF) in Dec., 1980, when the LACF was also built.
It was to be used for pathological waste generated by ASU labs.

The specifications are as follows:

CONSUMAT Model # C-75P

Dual Chamber - Controlled Air

175 1b/hr (75 cu ft/hr) Capacity

2 Chambers, 3 Burners (natural gas)

Lower: 2 burners 250,000 Btu/hr
operating temp. 1500°F

Upper: 1 burner 700,000 Btu/hr
: operating temp. 1800°F

Stack Ht.: 2.7 m (9 ft)
Total Ht.: 6.4 m (21 ft)
Inside Diameter of Stack: 0.4572 m (1.5 ft)
Emission Rate: 7.68 m/sec 1.26x106 ml/sec

See Appendix K for further specifications and-a diagram of
the incinerator.
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WASTE ANALYSIS

Table 1, below, 1ists a current inventory of isotopes used

at ASU.
Table 1 ISOTOPE INVENTORY
LW i TSOTOPE INVENTORY |
W’%
c-14 40,000
3.8 Na-22 498
C1-36 193
Sr-90 8,500
I-129 0.75
2.5 Ca-45 6,003
Mn-54 0
Eu-154 0
Eu-155 0
o | 4.6 4 Ni-63 989
- IZn-65 0
< Pm-147 1,000
£ Sm-151 9,522 AFTER DECAY*
2 In.o Na-24 0 0
= K-42 0 0
= P-32 19,640 20
P-33 0 0
Rb-86 0 0
& 5-35 10,000 157
[-125 380 0.38
6 Po-210 100
Ra-226 2
- Th-230 9
o £ U-233 9
- £ Pu-239 100
=3 Am-241 100
=- Cm-244 100
TOTAL 250,155.75 | 211,993.13

*See next page for decay in storage procedure




Each category of waste in Table 1 denotes a separate waste
receptacle within each lab for the various isotopes. This sep-
aration scheme was devised to simplify the disposal of each group.

A1l waste receptacles are picked up from the labs by the
health physics technician and stored in a warehouse on campus
until disposal.

Categories 1-4 may be incinerated immediately . Category 5
waste is stored for decay (see Table #2) and then incinerated ac-
cordingly. Category 6 waste will not be incinerated. It is stored
in the warehouse until shipped to a low-level waste repository.

Procedure For Decay In Storqjé

The short-lived isotopes of category 5 waste (from Table 1) will
be stored for decay of 10 half-lives (except S-35*), and then incin-
erated accordingly.

Table 2 DECAY IN STORAGE

TIME FOR QUANTITY AFTER]

ISOTOPE HALF-LIFE 10_HALE-LIVES DECAY (uCi)
Na-22 15h 6 days 0

K-42 12.4h 0

P-32 14.3d 8 mos. 20

P-33 24.4d 0
Rb-86 18.6d 0
*S-35 88d 1.5 yrs. 157

I-125 60.2d 0.38

*Because of the longer half-life of S-35, it will be stored
with [-125 waste for only 6 half-lives in 1.5 years.
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Table 3 contains data from an analysis of previous shipping
records.

Table 3 PREVIOUS SHIPMENT DATA
(as of 9/82)

DATE NO. DRUMS NO. MONTHS | DRUMS/ | COST/DRUM FOR TOTAL INCREASE IN

SHIPPED SBIPPED WASTE MONTH SHIPPING COST/SHIPMENT COST/DRUM SINCE
COLLECTED PREVIOUS SHIMPMENT

6/25/74 O -==~ | no records no records no records
1/18/75 7 7 1 no records no records no records
12/17/75 10 n .9 25.00 250.00 | cecemcecaa-
7/15/76 18 7 2.1 28.00 420.00 1.3 x
4/28/77 17 9 1.9 36.00 612.00 1.6 x

1/13/78 21 9 2.3 45.50 955.00 1.5 x
2/07/79 8 13 2.9 73.90 2802.10 1.9 x
6/23/80 s7 16 3.6 106.67 6080.03 1.6 x

a -

9/30/82 47 26 3.2 600.00 28200.00 5.6 x

*#82 drums was the amount collected since the last ship-
ment; 47 was the amount still in storage.

There are approximately 40 drums of waste collected per year.
This number is expected to increase by 3.6 drums per year based on
(See Appendix B - Cost Analysis report)

previous shipping data.

The amount of waste collected in the next 5 years will be ap-
proximately 286 drums plus the 47 in storage since the last shipment
for a total of 333 drums.

Assuming an even distribution of activity to volume, we can
assume 99.8% of the volume may be incinerated.
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Burning Rate

This amount of waste, 332 drums, may be incinerated at a rate
of approximately 1.5 drums per week, operating 48 weeks per year.

The 1.5 drums of waste will be selected for burning according
to isotope and volume.

The waste is manually fed to the incinerator over a period of
3.5 hours, and then the incinerator burns for five hours after the
last load. ’

CONCENTRATION COMPLIANCE

The NRC incineration quidelines (Appendix A) require that a
licensee comply to the MPC's in air given in 10 CFR 20 Appendix B
Table II.

The guidelines suggest limiting the stack top concentration
to the MPC values when averaged over a 24 hour period.

To comply with the ALARA philosophy, they suggest limiting
the stack top concentration to 10% of the MPC averaged over one
year,

To determine the amount of activity which may be burned without
exceeding the suggested limits, the following calculations were made:

Q(uCi/sec) = x(uCi/mL)/E(sec/mi) ~ where
Q~quantity
x~MPC from 10 CFR 20
Table II, Appendix B
E~inverse emission
rate (or dilution
factor)
E is calculated as follows:
[Vs(m/sec) A(m2) 1000(L/m3) 1000(mL/L) = mL/sec] ! where
Vg-stack velocity
A-stack area = nwr2
r-inside stack radius
Therefore E = [(7.68)(3.14)(.2286)2(1000)(1000)]" ¢

£ =1.26 x 1079 sec/m
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The calculations of Q based on averaging * the release time to
24 hours and one year are shown in Table 4 (following page).

* 86400 sec/24 hours E

[}

[1.09 x 101! (mL/24 hrs.)]™!

3.15 x 107 sec/yr. E =[3.97 x 1013 (m./yr.)]"1

When the release times are averaged, the values for Q are very
large. We could easily burn a full years inventory at ASU in one
year following these gu1de11nes However, several other incinerators
have been licensed using more conservat1ve criterion. (See Appendix C
for other studies.)

In order to be conservative, we shall calculate the maximum Q
which may be burned and not exceed 10% of the MPC in 10 CFR 23 without
using the allowable averaging. These calculations are based on an
emission rate of 8.5 hours per burn and 48 burns per year.

[3.86 x 1010 (mL/burn)]™*
[1.85 x 1012 (mL/year)]"!

30600 sec/burn E

1.47 x 10% sec/yr. E

The results are shown in Table 5 (pg.10)

The last column in Table 5 shows the percent of the MPC from
10 CFR 20 at the stack when Q is assumed to be the total ASU inventory
which would be burned in one year. As seen from those figures, most
of the isotopes exceed the 10% 1imit. Therefore the 10% criterion is
too conservative. These results agree with the study conducted by the
University of North Carolina (see Aopendix C-3).

The above mentioned study stresses the importance of considering
atmospheric dispersion when assessing radionuclide emissions.

Maximum ground-leve] concentrat1ons can be calculated from Figure 3.9
(Appendix D) in D. B. Turners Workbook of Atmospheric Dispersion Estimates
(Reference 2 ) as a function of effective stack height and meteorological
stability.

The effective stack height is a function of windspeed.

Table 6 (page 11 ) shows the frequency and average windspeed in 8
directions. (See Appendix E).



Table 4 NRC SUGGESTED MAX. Q

ISOTOPE WPC “(uCi/mL) |  (uCi/burn) (uCi/yr)
H-3 2x10"7 13700 4.32x1010
c-14 1x10~7 6860 2.16x1010

Na-22 3x10710 21 6.62x107

C1-36 8x10-10 55 1.73x108

Sr-90 3x10-11 2 6.31x106
1-129 2x10-11 1.4 4.42x106

Ca-45 1x10-° 69 2.18x108

Mn-54 1x10-2 69 2.18x108

Eu-154 1x10-10 6.9 2.18x107

Eu-155 1x10~2 69 2.18x108

Ni-63 2x10-9 137 4.32x108

Zn-65 2x10~2 137 4.32x108

Pm-147 2x10-9 137 4.32x108

Sm-151 2x10-9 137 4.32x108

Na-24 5x10-2 343 1.08x10°
P-32 2x10-2 137 4.32x108
P-33 1x10-10 6.9 2.18x107
5-35 9x10-9 617 1.95x102
K-42 4x10-2 274 8.64x108

Rb-86 2x10-2 137 4.32x108
1-125 8x10-11 5.5 1.73x107




Table 5 "CONSERVATIVE" MAX. Q AT STACK
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x (uCi/mL) ASU (uCi)
ISOTOPE 10% MPC (uCi/burn) uCi/yr INVENTORY % MPC
—

H-3 2 x 1078 52.0 2490 . 153,190 66
c-14 1 x 1078 26.0 1240 40,000 74
Na-22 3 x 10711 0.08 3.7 500 308
C1-36 8 x 10-11! 0.21 0 200 46
Sr-90 3 x 10-12 0.008 0.4 8,500 52417
[-129 2 x 10-12 0.005 0.25 0.75 7
Ca-45 1 x 10-10 0.26 12 6,000 1110
Mn-54 1 x 10-10 0.26 12 0 0
Eu-154 1 x 10-1! 0.03 1.2 0 0
Eu-155 1 x 10-10 0.26 12 0 0
Ni-63 2 x 10-10 0.52 25 1,000 93
Zn-65 2 x 10710 0.52 25 0 0
Pm-147 2 x 1010 0.52 25 1,000 93
Sm-151 2 x 10710 0.52 25 9,600 888
Na-24 5 x 10-10 1.3 62 0 0
P-32 2 x 1010 0.52 25 20 2
P-33 1 x 10°1! 0.03 1.2 0 0
5-35 9 x 10710 2.3 112 187 3
K-42 4 x 1010 1.0 50 0 0
Rb-86 2 x 1010 0.52 25 0 0
[-125 8 x 10-12 0.02 1 0.38 0.

*Amount left

after decay
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Table 6 WIND DATA

AVG. SPEED
WIND DIRECTION FREQUENCY (%) (m/sec)
N 4.6 2.8
NE 13.8 3.1
E 27.0 2.8
SE 13.9 3.0
S 5.8 2.8
SW 13.8 3.2
W 14.4 3.4
NW 6.7 2.8

To be conservative, we used the maximum average windspeed of
3.4 (m/sec) to calculate the effective stack height, of 8.9 (m).
(See Appendix F for calculations.)

The maximum ground-level concentration occurs at some inter-
mediate stability category. Based on the average windspeed, stability
category C is used for the maximum ground-level concentration calcula-
tions.

Figure 3-9 gives the distance (m) to the point of maximum ground-
level concentration and the relative maximum concentration, as a func-
tion of effective stack height and stability class.

The maximum ground-level concentration can be calculated as fol-
lows:

Xmax = (0 Qgy )y @/

where: ~ maximum ground-level concentration (uCi/mL)

Xma x

(x4/Q - relative max. concentration (m-3)

max)max
Q -stack emission rate (uCi/sec)

u~ wind velocity (m/sec)
Therefore:
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(x47Q) = 1.4 x 1072 (m~2)

max

Xmax = 1-4 % 1072(m"2)[Q(uCi/sec)/3.4(m/sec)][1 x 107 (m3/mL)]

By setting equal to 10% of the MPC in 10 CFR 20 for each -
isotope and usingm%ﬁe maximum average windspeed, the maximum Q which
can be burned in one year without exceeding 10% MPC at the point of
maximum ground-level concentration* can be determined.

Q(uCi/sec) = [3.4(m/sec)[10% MPC (uCi/mL)]/1.4 x 10=2(m~2)] 1x108(mL/m3) -
Q is then normalized to 8.5 hrs/burn and 48 burns/yr.
The results are shown in Table 7 (next page).

*The point of maximum ground-level concentration for an effective
stack height of 8.9 (m) occurs at approximately 100 (m).

For the various average windspeeds shown in Table 6, the effective
stack height varies from 8.9 (m) to 9.5 (m). From Figure 3-9 it is not
possible to distinguish the difference in effective stack heights.
Therefore, we shall assume the maximum ground-level concentration occurs
at 100 (m) from the stack for each direction.

The last column in Table 7 shows the percent of MPC at maximum ground
level when Q is assumed to be the total ASU inventory which would be burned
in one year. The concentration for this amount is shown in column 5. As
seen from those figures, all of the concentrations, except Sr-90, are well -
below the upper bound of 10% MPC.



Table 7 MAX. Q AT MAX. GROUND LEVEL

13

ASU (uCi) ACTUAL MAX. GROUND %
ISOTOPE (uCi/burn) (uCi/yr.) [NVENTORY LEVEL CONC. (uCi/mL) MPC
H=-3 149,000 7,130,000 153,190 4 x 10710 0.2
c-14 74,300 3,570,000 40,000 1 x 10710 0.1
Na-22 223 10,700 500 1.5 x 10-12 0.5
C1-36 595 28,500 200 2.1 x 10-13 0.07
Sr-90 22 1,070 8,500 2.4 x 10-11 79.0
I-129 15 713 0.75 2 x 10-15 0.01
Ca-45 743 35,700 6,000 1.7 x 10-1! 1.7
Mn-54 743 35,700 0 0 0
Eu-154 74 3,570 0 0 0
Eu~155 743 35,700 0 0 0
Ni-63 1,490 71,300 1,000 2 x 10712 0.1
In~65 1,490 71,300 0 0 0
Pm~147 1,490 71,300 1,000 2 x 10712 2.1
Sm=151 1,490 71,300 9,600 2.6 x 10711 1.3
Na-24 3,720 178,000 0 0 0
P-32 1,490 71,300 20 6 x 10-1% 0.003
P-33 74 3,570 0 0 0
S-35 6,690 321,000 157 4.5 x 10713 0.005
K-42 2,970 143,000 0 0 0
Rb-86 1,490 71,300 0 0 0
I-125 60 2,850 0.38 8 x 10-16 0.001
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A1l of the data used in this analysis have been the most conser-
vative estimates. For example, the total ASU activity inventoryv used
for the annual concentration caiculations was 250,155 uCi. The actual
activity ordered last year was only 150,465 uCi.

This analysis proves that all of the isotopes at ASU which will
be incinerated, except Sr-90, can easily be done so without exceeding
10% of the MPC from 10 CFR 20 at the point of maximum ground-level con-
centration, which is approximately 100 m from the stack in all direc-
tions. Because of the large inventory of Sr-90,90% of the Sr-90 waste
will be shipped. We shall 1imit the amount burned in one year to
1000 uCi.

Sum of Ratios

Since there will be a mixture of isotopes being incinerated, the
“sum of ratios" method, from the note to Appendix B in 10 CFR 20, is
calculated below and the results are shown in Table 8.

'Féh+ ggfh+ ﬁ%&' eeo <1

where:
The radionuclides A, B and C are present in concentration
Ca» Cg and Cc, respectively.



Table 8 SUM QF RATIOS

CATEGORY CALCULATION & RESULT
- =10 =10
g_$4 4x10-10 + 1x10710 _ o 0o Rl
2x10=7  1x10-7
Ca-45 11
Mn-54 LI 4 g4+ 04+ 0=0.017 <1
EU-]54 ]x]o-s
Eu-155
Ni-63 2x10-12 + 0 + 2x10-12 + 2.6x10-11 = 0.015
In-65 - <
Pm-147 2x10
Sm=151
Na-22 1.5x10712  + 2.1x10-13
C1-36 3x10- 10 8x10-10 - 0.79 ’
Sr-90 +2.4x10-11 + 2x10-15 :
1-129 3x10-11 2x10-11
Na-24 6x10~1% _ . 4.5x10~13
P-32 0+ 350-7 * 0 * gxlo—o—
P-33 8x10-16 = (0.00009 <]
5-35 * 0+ 0+ Ro-TT
K-42
Rb-86

1-125

15
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DOSE_ANALYSIS

Estimates of the annual dose can be calculated using the following
equation*:

Dia = RaXiDFAia
where:

Dja ~ annual dose to the whole body of an individual in the age
group "a" due to the inhalation of radionuclide "i".
(mrem/yr.)

DFAj, -~ inhalation dose factor (mrem/pCi). (Tables C-1 thru
C-3; see Appendix G).

Ry - annual air intake (mL/yr). (See Appendix H for values.)
Xi - concentration (pCi/mL)
*From NCR Regulatory Guide 1.109, Appendix C. (See AppendiX G).

The areas to be concerned about dose are at the stack, where oc-
cupational exposures may occur, and the residential areas near the site.
The closest residence to the stack, the site security officers trailer,
is approximately 200(m)away. The next point of concern is a single
residence and a trailer park approximately 300(m)away. (See Figure 2
on page 18).

The ground-level concentration for these distances can be deter-
mined by using Pasquill's model for Gaussian distribution (see Appendix D
and Reference 2 ).
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x = —L _ exp[-1/2(H/0;)?]

WOyOZu
(Eqn. 3-3 in Reference 2 )

where:
x ~ concentration (uCi/mL)
Q - emission rate (based on 10% MPC) (uCi/burn) = Table 7 values

oz ~ horizontal and vertical standard deviations, respectively.
(determined from Figure 3-2, 3 in Reference 2 )

u - windspeed = 3.4(m/sec)
H - effective stack height = 8.9(m)

For 200(m) with maximum average windspeed (stability class C):

ay = 24(m)
x = Q(uCi/burn) 7.44x10-1S
gz = 14(m)
For 300(m):
oy = 35(M)
x = Q(uCi/burn) 3.96x10-15S
oz = 20(m)

The results are shown in Table 9.

Dose estimates for adults, teens and children at the areas of interest
(at the stack, 200 and 300(m) away) are shown in Tables 10.1-3,

(pages 20,21 ).

The DFA conversion factor was not available for the isotopes not
shown in Table 10.

However, since we are not going to exceed 10% of the MPC in air for
any isotope, neither are we going to exceed the maximum permissible con-
centration in air for exposure, which is used to determine the maximum
allowable dose, (Reference 1 and Appendix I).



Figufe 2 MAXIMUM GROUND LEVEL CONCENTRATION LOCATION
RELATIVE TO SITE BOUNDARIES

private /////r

property

(junk yard)

residential
trailer park

\ 300 m

Maximun ground-level concentration occurs at 100 m.



Table 9 CONC. AT 200, 300(m)

x (uCi/mL) x (uCi/mL)
ISOTOPE at 200(m) at 300(m)
H-3 2.4x10-11 1.3x10-11
c-14 6.2x10-12 3.3x10"12
Na-22 7.8x10"1% 4.1x10"1%
C1-36 3.1x10° 1% 1.7x10"1%
Sr-90 1.7x10"13 8.9x10-1¢
I-129% 1.2x10°16 6.2x10°17
Ca-45 9.3x10-13 4.9x10"13
Mn-54 0 0
Eu-154 0 0
Eu-155 0 0
Ni-63 1.6x10-13 8.3x10-14
In-65 0 0
Pm-147 1.6x10-13 1.6x10"13
Sm=151 1.5x10712 7.9x10°13
Na-24 0 0
p-32 3.1x10°18 1.7x10-15
P-33 0 0
S-35 2.4x10"14 1.3x10-1%
K-42 ) 1]
Rb-86 0 0
[-125 5.9x10"17 3.1x10-17

19



DOSE ESTIMATES

Table 10.1 ADULTS

OFA 0(mrem/yr)
ISOTOPE (mrem/pCi) STACK 200(m) 300(m)
H-3 1.3x10=7 4.3x10-2 2.7x1073 1.5x1075
Cc-14 4.3x10-7 7.6x10-2 2.2x1073 1.2x10-3
Na-22 1.3x10"5 2.9x10~2 8.4x10°6 4.4x1076
P-32 6.3x10°6 6.0x10-4 1.6x10-7 9.1x1078
Ni-63 1.8x10°6 8.1x10"3 2.4x10°% 1.2x10-%
Sr-90 7.6x10-4 2.9x101 1.1x10°3 5.5x10°%
[-12¢9 6.9x10°% 2.3x10°53 6.9x10-° 3.6x1072
Pm-147 3.2x10"% 1.4x10-2 4.4x10°% 4.4x10-%
Sm-151 3.6x10"6 1.5x10-1 4.4x10-53 2.4x10°5
Table 10.2 TEEN
OFA O(mrem/yr)
ISOTOPE (mrem/pCi) STACK * 200(m) 300(m)
H-3 1.1x10-7 1.1x10-! 2.0x10-53 1.1x10°°
c-14 5.7x10°7 3.2x1071 2.7x10"5 1.4x10°53
Na-22 1.8x10°5 1.3x10"1 1.1x10"3 5.5x1076
Sr-90 9.0x1075 1.1x10! 1.1x10-% 6.1x10-5
1-129 9.8x10-% 1.1x10°% 9.0x10-? 4.7x10-9

*See Appendix H for explanation.



DOSE ESTIMATES

Table 10.3 CHILD

DFA O(mrem/yr)
I[SOTOPE (mrem/pCi) STACK * 200(m) 300(m)
H-3 2.0x10-7 1.5x1071 2.7x10°5 1.4x1075
c-14 1.7x10°6 6.9x10"1 5.7x1075 3.1x10°5
Na-22 4.4x10"5 2.2x10"! 1.9x10"5 9.9x10"%
Sr-90 2.7x10°4 2.3x10! 2.5x10°% 1.3x10°%
I-129 2.9x10-5 2.2x10=% 1.9x10-8 9.7x107°

*See Appendix H for explanation
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ASH ANALYSIS

Following each burn, the incinerator will be allowed to cool for
at least two days. The health physics technician will then spray the
ash with water, being careful mot to wet the refractory, to reduce dust.
He will wear protective clothing, including a dust mask. Presently the
ashes are removed with a shovel and then the refractory is swept clean.
We are considering using a vacuum to simplify the task.

A1l of the ash will be placed in 30 gallon steel drums,Sealed and
taken back to the warehouse on campus. There it will remain until an
appropriate method of analysis is established; or it will be shipped
if storage space becomes unavailable before it can be analyzed. Attempts
have been made to analyze the ash by liquid scintillation, but the ash
is insoluble, rendering counting unsuccessful.

Until we are licensed to burn radiocactive waste, random samples

of the non-radioactive waste ash will be analyzed by gamma spectros-
copy to check for possible mis-reported waste types.

EFFLUENT MONITORING

Currently we have no continuous effluent monitoring sustem. Funds
have been requested to move the incinerator approximately 25 (m) away from
the building, install a hydraulic loader, and construct a sampling
platform around the incinerator stack.

Air samples have been taken with a RADECO Model HD28/B air sampler
at various points within the site boundary to determine the background
activity. These will be analyzed by gamma spectroscopy and liquid
scinti]}ation as soon as possible. (The equipment is being used cur-
rently. .

Once we commence radioactive burns, air samples will be taken at
various points, including the point where maximum ground level concen-
tration should occur, and then analyzed by gamma spectroscopy and 1liquid
scintillation.

Soil samples have been taken at various points within the site
boundary. The samples are being analyzed by gamma spectroscopy to
obtain natural background activity. (See Appendix J for the gamma -
spectroscopy procedure.) Soil samples will be taken again after
radioactive burning commences.

To obtain further background activity information, wipe samples
have been taken around the site boundary and will also be analyzed by P
gamma spectroscopy and liquid scintillation. The same type of samples
will be taken and analyzed after radioactive burning commences.
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Finally, a TLD analysis will also be done. TLD's will be placed
in a protective container and distributed at various points within the
boundary.

The equipment and procedure for this analysis has not yet been
determined.

A1l of the results from the above mentioned tests will be avail-
able in an incineration journal which is currently being devised.
The journal will also contain all data pertaining to each burn, in-
cluding volume, weight, and activity; operating temperatures, and
stack observations; ash removal and clean-up; and maintenance.

We will be glad to cooperate with any state agencies in further
environmental monitoring.

STATE COMPLIANCE

Part of our licensing requirements is to comply with the Bureau
of Air Quality Control and the local governments of the cities sur-
rounding the incinerator.

Air Quality Control (AQC) required us to obtain an operating
permit which included an EPA test method for vinyl chlorides. The
details of the test are given in Appendix K. We passed the test and
are awaiting the actual permit. The notification from AQC approving
the permit is also contained in Appendix K.

The city governments of Mesa, Tempe and the Salt River Pima
Reservation were notified of our plan to incinerate. So far there
have been no questions regarding the incinerator from the above men-
tioned agencies. Only Tempe has responded to our letters with a
1et§er of acknowledgement. Copies of the correspondence are in Ap-
pendix L.

PUBLIC RELATIONS

Richard Brown the ASU Radiation Protection Qfficer, has met with
representatives of the trailer park adjacent to the incinerator.

One article concerning the incinerator has been published in the
ASU State Press.

Appendix M contains correspondence with the trailer park and the
newspaper article.
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A.1

NRC Incineration Guidelines
For Medical/Academic Licensees

1. Submit the characteristics of the incinerator such as height of the
stack, height of and distance to buildings in the surrounding areas,
rated airflow of the incinerator in cubic feet per hour or similar units
and its proximity to any air intake ducts.

2. State specifically the isotopes and the maximum amount of each isotope
that you wish to incinerate per burn. Fdr the combination of isotopes
listed, submit calculations to demonstrate that the following conditions
have been met:

A. The gaseous effluent from the incinerator stack should not exceed
the limits specified for air in Appendix B, Table II, 10 CFR Part
20 when averaged over a 24 hour period.

B. In order to be in compliance with the ALARA philosophy stated in
section 20.1(c), 10 CFR Part 20, the gaseous effluent from the
incinerator stack should be a fraction (approximately 10%) of the
limits specified for air in Appendix B, Table II, 10 CFR Part 20,
when averaged over a period of one year.. '

If more than one isotope is involved, your calculations must follow the
“"sum of ratios" method in the "Note" at the end of the Appendix B, 10
CFR Part 20.

3. State the maximum number of burns to be performed in any one week and
the maximum number of burns per year.

4. A. Describe your method for measuring or estimating the concentration
of radioactive material remaining in the ash residue. Unless you
present scientific evidence to the contrary, you must use the most
conservative assumption.

B. Submit your procedures for collection, handling and disposal of the
ash residue, including radiation safety precautions to be observed.

5. Describe procedures to be followed to minimize exposure to personnel
during all phases of the operation, including instruction given to personnel
handling the combustibles and the ash.

6. Submit evidence (e.g., copies of outgoing and incoming letters) to show
that all State and local jurisdictions have been notified of your plans to
incinerate radioactive waste and have no objections to them.
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ARIZONA STATE ,

UN IVERS ITY TEMPE, ARIZONA 85281
UNIVERSITY RADIATION SAFETY OFFICE Department of Energy

¢/0 COLLEGE OF ENGINEERING (D-102) (602) 985-8140 Grant #DE-FG07-811ID12228

COST ANALYSIS FOR INCINERATICN

Increasing shipping costs and decreasing land availability for burial
sites has prompted Arizona State University to consider the potential for
incineration as a means to dispose of hazardous and low-level radioactive
waste (LLRAW). Several factors must be considered before incineration
becomes a common, effective means of disposal for LLRAW generators such
as ASU. One very important factor is cost versus benefit.

In March of 1982, ASU was issued a grant from the Department of
Energy to investigate the feasibility of LLRAW incineration in an existing
pathological incinerator. The grant, totaling $19,994.00, provides for
personnel, materials, supplies, travel, and special equipment needed for
the project. See FIGURE 1 for a detailed breakdown of the grant.

The "existing incinerator” was purchased and installed through ASU
along with the Lab Animal Care Facility in December of 1980. The approx-
imate cost for the incinerator was $25,000. We, (Radiation Protection
0ffice) started conducting experimantal burns of non-radioactive waste in
August of 1981. Prior to that time, ASU shipped ail of it's LLRAW to
commercial burial sites in either Beatty, NV or Richland, WA. FIGURE 2
contains information pertinent to previous shipments.



FIGURE 1

Ofrect Labor

Fringe Benefits (1% of D.L.)

Domestic Travel

Other Direct Costs:

Materials and Supplies
Registration Fees for Meetings

Equipment

1.

Draeger Air Sampling System

(a) Hand pump
(b) Tubes

Staplex Filter System
Eberline Portable Survey System

(a) E-120 Portable survey
meters (2)
(b) HP=210 pancake probes (2)

Ludlum Semi-portable Detection
System

Model 44-6 GM probe
Model 43-5 Alpha scintillation
probe

(a)
(b)
; Beta scintillator
)

[= 1}

Alpha counter w/sample charger

(
(
( Model 2000 scaler

oo

KURZ 541s Lo-Vol Flow Calibrator
Polymeter Shift Long Pump
Total Equipment

Total Direct Cqsts

Indirect Costs (51% of Direct Costs

excluding equipment)

Total Estimated Costs

B.2

$ 5,500

55

2,138

$1.352 .

355 1,707
$ 600
1,150
930
1,705
725
690

5,800

$15,200

4,794

$19,994
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FIGURE 2
DATE NO. DRUMS | NO. MONTHS | DRUMS/ | COST/DRUM FOR * | TOTAL INCREASE IN .
SHIPPED SBIPPED WASTE MONTH SHIPPING COST/SHIPMENT | COST/ORUM SINCE
COLLECTED PREVIQUS SHIMPMENT

6/25/74 3 comme B no records no records no records
1/18/7% 7 7 1 no records no records no records
12/17/75 10 n .9 25.00 280.00 P,
7/15/76 18§ 7 2.1 28.00 420.00 1.3 x

4/28/77 17 9 1.9 36.00 612.00 1.6 x

1/13/78 2 9 2.3 45.50 955.00 1.5 x

2/07/79 8 13 2.9 73.90 2802.10 1.9 x

6/23/80 57 16 3.6 106.67 6080.03 1.6 x

o30/82 | &7 B ™| 28 1.2 | 600.00 28200.00 5.6 x

Each 55 gallon drum contains 7.5 cu. ft.

The Total Cost/Drum includes the replacement cost of $15.00 per drum.

Eighty-two drums is the amount of waste collected since the last shipment
in 1980. The number of drums to be shipped this month, however, would
only be 47. (The cost indicated represents 47 drums.) This is because
out of the 82 drums collected 42% has been incinerated thus far. The

42% consisted mainly of < .05mCi/g C-14 and/or H-3. (The amount, .05mCi/g,
of C-14 and/or H-3 is that which may be disposed of without regard to its
radioactivity specified in 10 CFR Part 20 as of March 11, 1981.)
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At present there is only one person, a local private consultant,
in the state of Arizona who will handle disposal of radioactive waste
via shipping. His fee of $585.00 per 55 gallon drum includes packaging,
labeling, handling, and all site fees.

The cost of shipping has risen 2400% since 1975. In the last two
years alone, the jump has been an unbelievable 562%. There are approxi-
mately 54 radioactive materials license holders at ASU. Since 1968
there has been an avarage increase of 3.2 licensees per year. (See
FIGURE 3) This increase in licensees obviously accounts for the .3
average increase in drums of waste collected per month. Taking these
values into account, within the next two years (by Sept. of 1984) there
will be approximately 92 drums of waste collected in addition to the
47 drums already in storage. The cost to ship 139 drums of waste would
be $83,400, calculated at today's prices.

If l1icensed to do so, incineration of LLRAW at ASU would be a much
more cost-effective method of disposal than shipping. The costs which
apply to incineration are transportation of waste from campus to the
incinerator, operation costs, and routine maintenance. We figured
earlier that in two years there will be a total of 139 drums of waste
collected, including the 47 drums already in storage. Disposal of
these by incineration breaks down to six drums per month over the two
year period.

The contents of each drum is divided into four plastic bags for
easy handling and loading into the incinerator. The cost of bags used
for the total amount of waste is $150.

The incinerator is four miles from campus. Waste is taken from the
ASU warehouse to the incinerator via means of the office truck which
gets approximately 17 miles/gal gas milage. Two days following a burn,
the ashes are removed from the incinerator and disposed of as non-radio-
active waste if no detectable levels of radiation remain. The cost of
transportation to and from the incinerator for two years worth of trips
is $120, ($5/month).

The six drums (24 bags) of waste can be incinerated at a rate of
1.5 drums (6 bags) per week. This is accomodated in one burn. A burn
consists of a 30 minute warm-up time, six charges at 30 minute intervals,
and a five hour burn-down time. The total fueling time per burn then
is 8.5 hours. At four burns per month, the total fueling time is 34
hours per month. By taking into account the fueling time and incinerator
specifications, Arizona Public Service Company assessed a cost of $190
per month for natural gas. In two years this amounts to $4560.

Monthly, routine maintenance service on the incinerator has been
quoted at $4800 per year by Karber Air Conditioning. For two years the
cost would be $9600.

The total cost to incinerate 139 drums of waste in two years is

$14,430. This amount can be compared to $83,400 it would cost to ship.
FIGURE 4 is a summary of this report.

4
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FIGURE 3

RADIOACTIVE MATERIALS
i LICENSE HOLDERS
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FIGURE 4

Annual increase in licensees at ASU

Annual increase in drums of waste collected

Increase in cost of shipping since 1975

Increase in cost of shipping since last
shipment (June 1980)

Comparison:
INCINERATION
Costs: plastic bags
gasoline
natural gas
maintenance

Total Cost (139 drums in 2 years):

$14430.00
Cost/Drum: $ 103.80
Cost/Cu. Ft. § 13.84

Initial cost for incinerator:
$25000.00

Initiatory incineration program~(DOE grant):

$19994.00

$59424

8.6

3.2

3.6

2400% s
562%

SHIPPING
packaging
labeling

shipping
site fees

$83400.00
$ 600.00

80.00

$83,400.00
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Health Physics Perzamon Press 1973, Vol. 24 (May),
pp. 564-568. 'rinted in Northern Ircland

The Fate of Radioactive Materials
Burnt in an Institutional Incinerator

(Receiced 27 July 1972; in revised form 9 November 1972)

Introduction

InciemATORS are widely used in the treatment and
disposal of radioactive wastes and their use appears
likely to increase.l¥ [ncineration is a useful
process- in that considerable mas and volume
reductions can be achieved.!>* and it is a convenient
method of disposing of biological wastes such as
animal carcases and bedding, although the use of a
mascerator to coanvert the waste 10 liquid form is
sometimes preferred.(®

The fate of incincrated radioactive material
depends on several factors including operating
temperature, air volume and velocity, degree of
combustion, chemical and physical form, and the
radionuclides involved.!”8 Radiocactivity may be
discharged to atmosphere in gaseous or particulate
form, retained in the ash,or depasitedon theinteriorof
the incinerator, stack, or associated equipment. (4+9:10)
Attention has becen drawn to possible hazards from
discharges to the atmosphere, ash handling and dis-
posal, and incincrator maintenance. 4:8.8.8.11.13)

The [.A.E.A. has indicated how to caleculate the
maximum quantities of radioactivity that can be
safely incinerated, taking into account hazards from
stack discharges and from handling ashes,® and has
given information on the likely behaviour of partic-
ular radionuclides. Similar information is available
from other sourcesi3®#13 and various authors!?:10-13

c.1

have reported resuits of experiments designed to study
this problem. )

At this University an incinerator is used in the
dispesal of radioactive waste, mainly animal carcage
and bedding, The LALAS wethod of calculatjon
showed thit for the quantities of radioactivity thay we
are authorized 1o burn, that the bazagds (rom stack
discharges  would Ie:  quite insignilirane,  The
situation with regard to the ash did ot appear o
satisfuctory, in that the hazard to the incineryge
operator and the matter of ash disposal would need
careful control.

It was thercfore decided to exatnine this problem i
detail in order to accumulate the information
neccssary to draw up a safe operating scheme. Teyy
have been curricd out using 27 diiferent radiy.
nuclides. the primary object being to dctermine the
variability of retcation of activity in ash under oy
aperating conditions.  An account is iven of the
incinerator, the  experimental methods, and the
results ol the retention stdies, together with
sumnuury of operational surveys earried out on ang
armnd the incinerator. The problemas highlighteg
by these resulbis are diseussed,

The Incinerator

‘The incincrator used for thicse tests is an ordi
institutional gus fired model and is regularly used for
the incineration of low level radioactive wastes mixeq
with non-active waste. ‘The combusion chamber is
lined with refractory brick and can accept a load of
0.5 m3. Air is blown into the chamber, and air is ajsy
drawn in from the rooin in which the incinerator 5
situated. Afier leaving the combustion chamber, the
smoke and gascs pass into a gas fired afterburner, ang
then are discharged to atnasphere via a stack on the
roof of the cight story building. No (iltrutioa or a3
clean-up equiptnent is provided.

The combustion chamber operates at a temperature
of about 800°C although this is subject to variatigq
due to the nature of the load. The total flow from
the stack is about 50 m%/min and the exit tempery,
ture about 250°C.

The ash falls from the combustion chamber through
a grate into a trough which can be witldeawn (g
emptying. The ash is manually transferred from the
trough to a bin which is reinoved from the site by the
local authority refuse deparement.  All ash handling i
carricd ont manually with the ash in a dry condition,
Any ash spilt during transfer from trough t bin
cleancd up using a suction cleaner.

Experimental Methods

The object of these tests was to study the retentign
of activity in ash for various radionuclides, and ¢,



NOTES

look for any dependence on chemical and physical
form.

GYER ¢f al., in a similar study, used relatively
large quantities of activity and accumulated large
amounts of ash of which only a unall proportion was
counted. Geyer found wide variations among
different samples taken from the same bulk quantity
of ash, and this method was not considered to be of
high accuracy for determining activity in ash. For
this reason a diiferent a.pproach was adopted in this
sudy. Small samples containing low activity i.e. a
few uCi or less, were used. 'The active material was
contained in a smaill metal can which was placed in
the incinerator with non-active waste, care being
wken to ensurc that the can remained upright, ‘The
top of the can was covered by a wire grilie to allow
combustion products (o cscape, but prevent non-
active ash from entering. The can was always placed
in the incinerator with non-aclive waste so that
conditions would be as representative as possible of
those normally met in routine incineration.

Before incineration, the activity of the sample was
determined using standard beta or gamma counting
equipment, and for the more bulky samples the mass
snd volume were noted. After incineration the
activity was re-measured, and checks were made to
ensure that the location of active material in the can
was essentially the same as before incineration. For
an initially bulky sample. the resulting asls was mixed
with damp sawdust to make the mass and volume the
ame as before incineration. 3o that gecometry and
self absorption effects would be similar. In calculat-
ing the percentage of activity remaining in the ash,
allowance was made for radioactive decay if signifi-
cant.

Ash Retention Results

For most radionuclides, more than one sampic has
been incitierated, and in a few cases different physical
and chemical forms have been used. The results
obtained are summarized in Table I. The chemical
form data relates to the material as originally used
e.g- a3 administered to rats.

The results show that under our conditions of
incineration, different radionuclides Lehave quite
differently as far as retention of activity in ash is
concerned, with valucs ranging from almost 0 to
100%4. Also for some radionuclides e.g. %¥Rb, wide
ally identcical in all die tests. In those cases where
the chemical and physical form of a radicauclide
was varied e.g. 3P, 39S, 33, no marked diilerence
was spparent provided complete combustion was
schieved.

]
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Other Stwdies and Results of Operational
. Surveys
The interior of the incinerator

The incinerator is normally used for the disposal of
larger quantitics of radioactive waste than used in the
above tests, the average activity incinerated per week
being about 100 xCi.

Measurements. have been made to locate and
identify activity in various parts of the incinerator.
‘The tining of the combustion chamber has retained
some activity, the level of which has varied but not
exceeded 5 ¢ 10~¢ uCifemd. At the top of the stack,
the level has remained steady at about 3 < [0-®
nCijcn3. Because of these low levels, identification
of the radionuclides has not been passible.

In the afterburner, levels of up to 2 x 1073 uCif
cm? have been measured. Samples of the residue
removed {rom this unit have had specific activities
up to 2 x 103 uCify, and ymmmsa emicting radio-
ouclides that have been identified are ®Na, ¥Mn,
8Cq, 87n, 78Se, L] and 17Cs,

Air sampling

For some radionuclides, a very high proportion of
activity remains in the ash, and this could present a
hazard to the incinerator operator during the manual
handling of ash. Air sampics have been run ia the
work zone during ash handling after the incineration
of fairly large amounts of radionuclides in this
category. Typical levels of airborne activity are
shown in Table 2 and these are compared with the
most restrictive values of 40 hir week MPCa ctaken
from ICRP Publication 2.'%

It has been confirmed that stack discharges do not
present an inhalation hazard. Iodine-12$ is one of the
incinerate. An air sample was run for 2 hr, using an
activated charcoal filter, while 38 uCi of 1251 was
incincrated. The measured concentration was
2 x 10~ Cifml at a position in the plume oaly
| m from the stack exit.

Qutsiile the incinerator

Although slight activity has been detected in air
samples rua during ash removal, no significant
contamination of the exterior of the incinerator or of
the incinerator room has resulted, levels having
always been less than 1074 uCifcm? provided any
spilt ash has been cleaned up.

Surveys of the roof on which the incinerator stack
is located have shown no dectcctable activity above
background. Similar results have been found when
monitoring inlet filters on nearby aie intakes.
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sulphuric aeid
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566 NOTES
Table |. Resuits of ash retemtion studies
Number of Percentage of activity
Radionuclide samples Chemieal form Physieal form left in ash
“c 2 Sodium carbonate in Dried on metal 0.04, 0.02
aqueous solution planchets
=Na 2 Sodium hydroxide Contaminated papers 99.0, 83.6
2 Dried on syringe needle 95.5, 100.0
! Orthophosphate in On tilter paper 100.0
1np 1 dilute hydrochloric In syringe body 96.6
2 acid Dricd on metal planchets 67.7, 99.9
3 Sodium sulphate in Dried on metal planchets 9.6, 73.5, 91.2
1S aqueous solution
3 Potassium suiphate in 77.2, 63.5, 39.6
aqueous solution
i 4 l Potassium chloride in On a filter paper 100.0
aqueous solution
oy 2 Dioxovanadium chloride in On filter papers 96.2, 92.6
hydrochloric acid
“Ce 2 Sodium chromate ia On filter papers 83.5, 98.5
aqueous solution
“NMn 2 Manganous chloride in On filter papers 91.2, 90.0
hydrochloric acid
sofe 2 Fernic chioride in On f(ilter papers 78.4, 76.2
hydruschloric acid
*Co 2 Cobaltous chioride in On filter papers and 99.1, 99.4
aqueous solution sawdust
“Cu 1 Cupric nitrate in nitric On a filter paper 100.0
acid
“Zn 2 Zinc chloride in On filter papers 29.1, G8.6
" hydrochloric acid
“Rb 2 Rubidium chloride in On filter papers 43.9, 100.0
aqueous solution
“Zr 2 Oxalate complex in On filter papers 87.6, 100.0
oxalic acid
*Mo 2 Sodium molybdate On filter papers 87.0, 100.0
solution
Ay | Silver Metal foil 99.8
2 Silver nitrate in nitric acid On filter papers 94 4, 68.6
3 Sodium iodide in sodium On filter papers 0.5, 1.4, 0.1
- hydroxide solution .
1 ! Aqueous solution of 5’;‘;":':0@"3 from . 0.02
2 5-lodo-2-deoxyuridine Rat carcases 1.2, 1.7
15*Te 2 Sodium tellurite solution On filter papers 62.4, 45.1
1Cs 2 Caesium chloride ia On filter papers 83.0, 955
aqueous solution
137Cs 3 Caesium chioride in In syringe needles and 82.0, 100.0, 47.5
aqueous solution barrels
W'Pm 2 Promethium chloride On metal planchets 91.0, 94.5
: in hydrochloric acid
1snaHf 3 Hafnium chioride in On filter papery 87.6,99.8, 90.7
hydrochloric acid
1eTa 2 Oxalatotantalate in On fiter papers 93.6, 81.0
oxalic acid
AL 2 Tetrachloroaurare in On filter papers 79.5, 72.0
hydrochloric acid
wHg 2 Mercuric acetate in On filter papers 0.09, 1.2
aqucous solution
0Tl 3 Thallous suiphate in On metal planchet 0.2, 0.7, 4.7
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r
Table 2. Typical air sampling results during ash handling
- Measured

air 40 hr week

fadionuclides Quantity activity level MPCa
incinerated (uCi) (uCijml)  (Ci/ml)

a—

“Ca 130 3 x 10-8
uCo 45 LI x107® § x 10
#Co 2.3 9 x 10~
#Zq and 6 < 108
paad s 20 72xi0 g <
#Zn and 6 x 10-8
#Na mixed  J00 IS x 1070 4 o
wTe 200 1.2 x 108 6 x 10~

===

Discussion

The principal problem associated with the use of
wr incinerator is the disposal of ash and after-
purner residue. This University has been authorized
o dispose of solid radicactive waste to the local
uthority, provided the voiume concentration of
ctivity does not exceed 100 xCifm3, and that no
sagle item is more active than | xCi. Irovided
complete combustion is achieved the latter condition
sould present no difliculty, but if for example the
daily buming rate of non-volatile radionuclides is
100 uCi, then the activity-volume conccutration of
the ash could exceed the allowable level by an order
o magnitude. Therefore incineration of such radio-
puclides must either be limited to about 10 4Ci per
day, or dilution of the ash with non-active waste
pust be ensured. In sonie countries, radioactive
waste disposal is controlled by reference to a threshold
specific activity for radicactive material of 2 x 10-3
4Cifg. In such cases, and again assuming the in-
gneration of non-volatile radionuclides at a rate of
100 uCi/day, the specific activity of the ash would be
sbout | x 1072 uCifg, requiring a 5-fold dilution

or o .

The other problem concerning ash was the pmsible
pazard to the incinerator operator, but as scen from
Table 2, witls carefisl handling of dry ash, up 10 a few
hundred uCi/day of non-volatile radionuclides could
pe saflely incinerated. The contamination levels
iaside and around the incinerator have been such as
10 present no problems.

A3 mentioned above, sometimes when more than
me nominally identical sample of a particular
ndionuclide has been incinerated e.g. Rb, there
pas been quite a variation in the results obtained.
Counting statistics alone have contributed very littie
10 this e.g. for the 8Rb case, the standard deviation
was about 0.25%,. Other {actors which might have

caused such variations are slight geometry changes,
loss of active ash despite the presence of the wire
grille, variable amounts of radicactive impuritics in
samples and the normal variations of incineration
conditions. particularly operating temperature.

In all the tests for which results are reported,
combustion of the samples was complete, but when
burning rat carcases containing 831 the problem of
incompicte combustion was met, Although the
carcases appeared at first sight to have been properly
burnt, it was found that the activity remaining was
about 50 %, of that originally present. Closer examina-
tion showed that the carcases were not burnt all the
way through, so they were resincincrated and after
complcte combustion the results were as shown in
Table 1.

Some comment is called for on the observed be-
haviour of 33P, 38§ and '37Cs. Mawson'® described
these radionuclides as volatile, and 3%S is similarly
classitied by the [.A.E.A.,'® Lut under our conditions
quite a large percentage of these radionuclides has
remained in the ash. In the case of 3*P, our findings
are in reasonable agreement with those of Geven. 13}
Such variations in behaviour only serve to ecmphasize
the need for careful examination of the situation
wherever incinerators are used.

Finally, some comment should be made on the
desirability of using such incinerators in the treatment
and disposal of radioactive waste. A comparison of
maximum permissible daily intakes by ingestion and
inhalation, derived fromn data in [CRP Publication
2,04) shows that for most of the radionuclides listed
in Table I, inhalation rcpresents the greatest hazard.
If therefore, in considering the disposal of animal
carcases, one compares the radiation hazards to the
operators of mascerators and incinerators, then on
fundamental grounds the incinerator is at a dis-
advantage. Added to this is the fuct that due to the
nature of the processes, an intake by an incinerator
operator appears more likely than an intake by a
mascerator operator.

As far as the general public is concerned, incincra-
tion tends to release radioactivity into the environ-
ment rather sooner than would be the case if the
waste was mascerated and discharged as a liquid.
‘I'his might be of some slight significance where
short-lived radionuclides are concerned.

Despite these potential disadvantages, it is our
opinion that the use of institutional incinerators for
the treatment and disposal of radioactive wastcs is
acceptable provided that the quantity burnt per day
is tichtly controlled, and that the ash is handled
carefully and diluted before disposal.

Acknowledgements—The authors wish to acknowledge
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Abstract—Three systems of radioactive waste maniagement. land burial of wastes from
biomedical luboratories. storage in minded cavities, and use of the oceans. are discussed
briefly for the purpose of illustrating the need for re-examination of the husic approaches
being taken at the present time. It is concluded that most of the low level wastes from
biomedical institutions need not be shipped to burial grounds. but can be incinerated on
site subject only 1o restrictions determined by the nonradivactive charcteristics of the
wastes. With respect to storuge of high level wastes, it is suggested thut studies of the
mobilization rates of natural ore bodies may provide the best way of modeling the
behavior of selecled waste forms over long periods of time. The oceans. particularly the
deep ocean sediments. should be more thoroughly investigated as a possible disposal

option.

DISCUSSION

THe purposk of this paper is to emphasize the
need for continuing re-examination of the
options available for Jisposal of both low
fevel and high level radivactive wastes.
Towards this end, three subjects are dis-
cussed: disposal of low level wastes from
biomedical institutions, storage of high level
wastes in mined cavities, and the use of the
oceans.

Wustes from biomedical clinics and lubora-
tories

During much of the past year almost all of
the low level radioactive waste burial
capacity in the U.S. has been closed. This
had a particularly disruptive cffect on the
biomedical community because clinics, hos-
pitals and laboratories generate substantial
volumes of low level wastes but, unlike many
industrial facilities, they have little reserve
storage capacity.

[t has been estimated that 2400 U.S.
biomedical organizations shipped a total of
about 2500 Ci of radioactive waste to burial
grounds in 1978 (NUST7). Several relatively

short-lived nuclides, such as 2P, #Tc, Pif,
%] and *S. contributed appreciably to the
total. Because these nuclides have half-lives
measured in days, the reported annual ship-
ment must be corrected for decay. Assuming
thut the wastes are generated at a uniform
rate throughout the year. and allowing for
decay, the total accumulation at yearend
would have totaled about 1300 Ci. Seventy-
two percent of the radioactivity was due W
two nuclides, tritium (720 Ci) and “C (221 Ci).

Tritium and "“C not only account for two-
thirds of the total radioactivity shipped to the
burial sites. but contribute in a major way to
the volume of waste produced. About
21,000 m' of wastes were produced in 1978,
of which 43% (9200 m') were made up of
liquid scintillation - counting vials containing
these nuclides. These quantities of tritium
and "“C are insignificant as a potential source
of public exposure.

Both tritium and "“C are produced in nature
by the interaction of cosmic rays with the
atmosphere and both have been produced
copiously by explosions of nuclear weapons.
The aatural rate of '“C production is about
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38,000 Ci/yr. and because of its long half-life
(5730 yr). the nuclide accumulates to such an
extent that the giobal steady state inventory
of naturally-produced "C is estimated to be
about 315 x 10* Ci. which delivers a per cupita
dose :of about 0.7 mremi/yr to the world’s
popuiation (UN77). It is also known that by
1972 a total of about 5.8 x 10" Ci was injected
into the atmosphere as a resuit of weapons
testing. This one source was thus equivalent
to more than 153 yr of natural "*C production,
and about 26,000 times the annual production
of “C wastes by the biomedical community in
the U.S.

it ail '*C used in biomedical luboratories in
the U.S. were incinerated to “CQ).. the steady
state environmental inventory would even-
tually increase the dose from “C hy less than
0.004 mrem/yr. However, this cquilibrium
would not be reached for about 25,000 yr of
HC production at the 197K rate, hecause of
the long half-life of “C.

About 720 Ci 'H was shipped as wastes by
U.S. biomedical facilities in 1978, about 55%
of their total radivactive waste production.
This nuclide is aiso produced naturally by
cosmic ray interactions. and the worldwide
steady state inventory is estimated to be 34 x
1¢° Ci from an annual production rate of 1.9 x
10*Ci (UN77). The dose from naturally-
occurming tritium is estimated (0 uverage
0.001 mrem/yr. Tritium released without res-
triction by biomedical facilities at the 1978
rate would gradually diffuse into the
environmental hydrogen pool and would
reach a steady state accumulation of about
13.000 Ci. the fractionali increase in dose
would be about 0.04% of the tritium back-
ground dose of 0.001 mrem/yr.

Tritium, like '“C. was also produced
copiously in tests of thermonuclear weapons,
which resulted in injection of an estimated
4.5x 10°Ci into the environment. This was
more than |00 times the steady state in-
ventory from natural sources. The nuclide is
also produced by nuclear reactors. which
discharge between 0.1 and | Ci/MWelyr. A
single 1000 MWe nuclear power plant can
thus discharge more tritium to the environ-
ment than the total quantity of waste tritium
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produced by all the medical facilities and
biomedical rescarch faboratories in the U.S.
It has been estimated that nucleiar reactors
throughout the world and associated fuel
reprocessing will release about 10*Ci of tri-
tium in 1980 (NCRP75).

Unrestricted release by incineration of the
two long-lived nuclides. *H and "“C. would
thus add insignificantly to the quaatities al-
ready present in the environment due mainly
o production of the two nuclides by cosmic
ray interactions with atmospheric gases. The
data on the quantities of tritium and "*C sent
to burial grounds hy hiomedical facilities are
appiicable only to the U.S. However, if the
quantities are multiplied tenfold. which would
be more than suflicient to account for wastes
generated by ull countries, the giobal impact
of the incinerated emissions would still he
negligible.

The discussion thus far has considered
only the globali impact of the two auclides
after they huave been dispersed in the atmos-
phere. There remains the problem of evaluat-
ing the possibility of exposure to individuals
who live close to the incinerator and may
thercfore be exposed directly to its effluents.
To estimate the possible magnitude of such
exposure, it is assumed that a single large
fucility discharges 19 of the total quantity of
radivactive wastes generiated by the biome-
dical clinics and laboratories in the U.S. The
wiastes are incincrated, and the gaseous
products are discharged at a uniform rate for
200 days/yr, 8 hr/day. The volume of exhaust
gases discharged from the incinerator stack is
assumed (o be Im'sec'. It is further
assumed that members of the general popu-
lation must not be exposed to more than 10%
of the limits recommended by the ICRP and
the NCRP.

Tritium. The total yuantity of waste tritium
generated annually in the U.S. by biomedical
facilities has been given as 720 Ci, of which
the hypothetical institution releases 17, at a
rate Q=72Ciyr'. =1.25x |0*Cisec '.

The ICRP/NCRP limit for public exposure
to tritium in the atmosphere (MPCa), is 2 X
10 "Cim '. Since public exposure should he
limited to 10% of MPCa in this case. the
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average concentration at the nearest point of
human occupancy should be no more than
2% 10°°Cim™.

The 'H concentration, C, at the point of
discharge to the environment = (1.25 x 10 * Ci
sec”NIm7sec)=1.25x10*Cim .  Thus,
not surprisingly, the undiluted effluent would
exceed our target level at the point of release to
the atmosphere by afactorof 62. One then needs
to know the rate at which the efluents would be
diluted as a function of distance downwind of
the stack, i.e. the distance at which the effluent
will be diluted to 2x 10 Cim™* (at ground
level) under various meteorological conditions.

A convenient method of estimating dilution
from a point source is by the index x/Q, for a
mean windspeed of | msec™' (2.2 m/h), where
x is the concentration (Ci m") at any ground
level point downwind of the stack. For the
above case:

2. 2%10"Cim"
Q 1.25x10*Cisec”

=16x 10 secm™.

The actual values of x/Q will vary depend-
ing on the stack height and distance from the
source. It can be shown from published
values of x/Q, as reproduced in Fig. }. that,
under all meteorological conditions. by the
tme the efluent is diffused to ground levet it
is diluted to below the 2x 10~ Cim™". [n fact.
the dilution at ground level would actually be
100-1000 times greater than required even
under the most adverse meteorological con-
ditions for a release from a [00-m stack.

“C. Following the same procedure as
before, we find that the hypothetical in-
stitution discharges 2.2 Ciyr™', and the value
of ¥y =0.1 MPCa = 10"*Cim™. The "“C will be
released at a rate of 0.38x {0 *Cisec ', at a
concentration of C=0.38x10"*Cim™>. for
which the required dilution factor is 38. The
required value of x/Q is 2.6x 107, Smaller
values would result in proportionately lower
values of y, and thus a greuter margin of
safety. The maximum value of x/Q in Fig. |
(Hi62) is shown to orders of magnitude less
than the required value.
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F_m. . Values of px/Q) as a function of downwind
distance for a source located at a height of 100 m
(see text for units) (Hi62).

It becomes apparent from these cal-
culations that ‘'H and “C. which comprise the
bulk of the radioactive wastes from the
biomedical uses of radionuclides. can be in-
cinerated with insignificant exposuse to lhe
public. The calculated dilutions are applicable
to persons located at ground level, and it is
possible that in some situations the limiting
individuals may be located in apartments or
offices located above ground level. Common
sense restrictions as to the incinerator loca-
tion would, in any case, be required to avoid
the nuisance and hazard of exposure to
etfluents other than the *H or “C.

It should be noted, in addition, that these
nuclides, for the most part, will have been
used in scintillation counting systems in
which they will be dissolved in organic
sulvents. Toluene is the solvent most
frequently used for this purpose. Because of
its toxicity and flammability, incineration. not
only provides a safe method of disposing of
the radionuclides, but aiso a procedure by
which the solvents can be oxidized to CO,
and water. ARernatively, the scintillation
vials could be shipped to a chemical waste
treatment facility where the toluene could be
recovered by distillation and where the
remainder of the waste could be incinerated.
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From the above discussion. it appears that
biological and clinical laboratories could well
be permitied to dispose of most of their
radioactive wastes with no regulatory
requirements other than those applicuble to
the wastes because of their chemical or phy-
sical characteristics. Instead. procedures
established for the management of these
wastes are of themselves a waste: they wiste
time. money and resources. The elaborate
record keeping. the careful packaging, the
shipment for long distances. and the burial
pructices themselves are an  unnecessary
ritual.

The reasoning applicable to '‘H and "“C.
which comprise such a major {ruction of the
radivactive wastes from these facilities, can
he applied to other anchides used in biomedi-
cal institutions. BP, ™Te, ¥S. '*I and 'Y'] are
relatively short-lived, and are used routinely
in only modest guantities. in most cases these
nuclides couid aiso be released harmiessily via
incinerators or the sewers.
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Introduction

INCINERATION IS an attractive alternative for dis-
posal of institutional low-level radioactive waste.
A properly operated incinerator is capable of a
volume reduction of 80:! and organic compounds
are decomposed to CO: and H:Q. Since the
radionuclides are unaffected, they are either
deposited in the ash or on the walls of the in-
cinerator or they are emiited in the effluent gases.
This study was conducted to investigate the
radionuclide emissions if institutional low-level
radioactive wastes generated in North Carolina
were incinerated.

A survey of state licensees was conducted in
1979 to determine the amount and characteristics
of institutional radioactive waste generated in
North Carolina (NC79). The results of the survey
indicated that 90% of the waste was generated in
the Research Trinngle Area. with the remaining
10% generated throughout the state. The waste
consisted of dry solids, liquids. scintillation vials
and fluids. and animal carcasses. Approximately
%5% of the waste was combustible and 15% was
non-combustible which would require means of
disposal other than incineration. The activities of
the nuclides in combustible waste are shown in
Table 1. with their halflives.

Method of Analysis

Incinerators have bheen licensed with the
requircment that the annual average radionuclide
concentrauons in the etfluent be less than 10% of
the maximum permissible concentrations (MPC)
(NRCT79). This study evaluated annual average
stack top concentrations and ground level concen-
tration versus maximum permissible concentra-
tions.

It was assumed that the short half-iife nuclides,
haif-life <60d, were held for decay before in-
cineration and that the wastes were incinerated at
one facility. The operating characteristics for a

Table \. Radionuclides in N.C. low-level institutional
wastes (combustibie)

NUCLIDE ACTIVITY (Ci/yr) HALF-LIFE
Hydrogen-3 134 12 yr
Carbon-14 4.4 5500 yr
lodine-12% 1.8 60 d
Sul fur- 38 J.59 87 4
Calciume-43% 0.04 180 d
Chroatus-51 0.50 27 d
Phosphorous- 32 3.0 4.9 4

typical 750 Ib/hr incinerator were used in the cal-
culations. For simplicity in calculations, 100% of
the nuclides were assumed to be present in the
effluent.

The procedure for calculating the annual
average stack concentrations was quite straight
forward. The total volume of air moved through
the incinerator during a period of vne year was
determined. The stack concentration was simply
the activity in the wasts t0 be burned divided by
the air volume.

The Gaussian dispersion model was used to
cﬂqﬂm annual average ground level concen-
irations assuming a continuous stack release. Cal-
culations were performed using the workbook
prepared by Turner (Tu70) which references pro-
cedures for dispersion estimates suggested by
Pasquill (Pa6l) and modified by Gifford (Gi6l).
The QGaussian equutiva [or the annual average

downwind ground level concentration, X, is as
foilows: -

;,(x,a)..g 2_03_@(_0_5_N

T rsiink [ =( Tes )1]

where Q is the emission rate, f(8,S,N) is the
annual frequency that the wind is from direction.
8, for stability category, S, and wind speed class,
N, o is the vertical dispersion coefficient evalu-
ated at distance, x, for stability category, S. uw is
the average wind speed for wind speed class N, x
is the distance from source and H.. is the effective
stack height for wind speed uy and distance, x.

) In order to use the Gaussian model, meteorolo-
gical data were obtained from the National
Oceanic and  Atmospheric  Administration
(NOAA). Since a specific site for an incinerator
has not been chosen, Raleigh-Durham airport data
were used as an example for the purpose of this
study. In actuality, meteorological data are site




specific and a study should be carried out in more
detail with actual data for the specific site when,
and if, it is chosen. The meteorological data util-
ized consisted of the frequency of occurrence for
cach wind direction (16 points) and wind speed
class (6 classes) for each stability category (6
categories) for a 5 yr period (1/72-12/76).

The cilcctive stack height was cadculated using o
U.S. Army handbook (USA80) which contained
the Briggs' plume rise squations (Br75). The
effective stack height ranged from approx. 20 to
90 m, depending upon the stability category, wind
speed and distance from source. The Gaussian
dispersion eqguation was solved for dowawind dis.
tances from 100 to 3000m in each of the 16
compass directions.

Resuits and Discussion

The total volume of 2ir that could be exhausted
from the incinerator was calculated to be 1.2x
10" milyr (at 2000°F temperature). Based on this
volume and the nuclide activitics considered for
incineration, annual average stack top concen.
trations were calculated and are shown in Table 2,
The sum of the % MPC values was about 700%
which was significantly greater than the (0% value
used as a licensing guide.

Using the Gaussian model. the annual average
ground level concentriations were calculated and
the maximum results are also showa in Table 2
The maximum ground level concentrations were
located between 500 and 800m from the in-
cinerator. These ground level concentrations were
smaller than the stack tup concentration by a
factor of approx. $x 10'. The maximum ground
level concentrations were shown to be smail frac.
tions of a percent of the respective MPC values.
The sum of the % MPC values was only about
0.001%. (If the short hall-life nuclides were not
heid for decay before incineration the sum of the
% MPC values would be approx. 42.000% at the
stack top and 0.09% at ground level.)

It is concluded that the incineration of in-
stitutional low-level radioactive waste generated in
North Carolina is environmentally acceptable from
the radiological standpoint. (Air emissions
requirements must stiil be met.) The criterion un-
der which most incinerators have been licensed is
an annual average concentration of less than 10%
of the MPC at the stack top. The resuits of the
present study indicated that this criterion is too
conservative,

It is recommended that atmospheric dispersion
be considered when assessing radionuclide emis-
sions (rom the incineration of low-level radioactive
waste. Dispersion was included by the Nuclear
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Table 2. Annual average stack concentrations and ground level comcentrations
WPC  STACK CONC. GROUND CONC.
mcL10E (yci/mi)  (yCi/ml) 1wc  (yCi/m)) 1 MPC
Hel o e® 5710 2.0 "2 0.0012
c-1e e Lmo® 7 rsne't 0.000075
5-38 ame®  s.ono”® 55 t.oxip ' 0.00011
Ca-45 moe?  1sag !0 35 raxoe’'® 0.000071
TOTAL: 7002 TOTAL : 0.001%
Regulatory Commission in its “Study of A_llernale References
Methods for the Management of Liquid Scin- Br7S Briggs G. A.. 1975, “Plume Rise Predic-
tillation Counting Wastes™ (NRC80). The NRC's tions™, Paper presented al  American
report states that *“For dose calculational purposes Meteorological Society Workshop on
in an unknown environment. we have assumed Meteorology and FEnvironment Assessment,

that a dilution factor (x/Q) of 10 ‘sec/m’ is an
appropriate upper bound at short (10-40m) dis-
tances.” The maximum annual average x/Q value
calculated in the present study was approx. 5 X
10”7 sec/m®, a factor of 2000 lower than the upper
bound value assumed by the NRC. Therefore, the
results of this study emphasize the significance of
using site specific data for dispersion caiculations.
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{ntreduction

CONCERN about the rapidly escalating costs of
commerciaj low-level radioactive waste disposal is
causing many institutions to utilize incinerators as
an alternate disposal method (Co81). Of particular
importance is the capability of incinerators to
completely dispose of troublesome liquid scin-
tillation solutions so copiousiy generated in biolo-
gical research. Incinerators also provide a

significant volume reduction factor for the disposal
of animals whose carcasses are radivactive as a
result of radiotracer studies. This research con-
cerned the purchase of a small (100 ib/hr), in-
expensive (less than $8000) pathological in-
cinerator, and an evaluation of the feasibility of
dedicating this type of incinerator entirely to the
disposal of low-level radioactive waste.

The evaluation consisted of several phases.
First, a modification of the fuel supply system
which allowed liquid scintillation waste solutions
to be mixed and burned with the incinerator fuel
oil was designed and instailed. Next, studies were
performed on emissions from non-radioactive
material which was representative of the radioac-
tive waste scheduled to be processed in the in-
cinerator. A third objective was related (o a rather
unique opportunity which presented itseif during
the initial evaluations of the incinerator. This
research effort, within the Purdue University
School of Veterinary Medicine, involved the use
of radiolabelled microspheres in large research
animals. The potentini cost-savings afforded by
incineration of these animals, as compared (o
burial at a low-ievei waste disposal site, were
obvious. Consequently, a study was performed o
estimate the amount of radioactivity released (o
the environment via the incinerator stack by
analyzing the activily remaining in the ash of the
animals. Another objective was to calcuiate the
activity of various radionuclides which could be
incinerated with this type of unit and have emissions
remain within regulatory release limits. The final
objective was to perform a cost-benefit analysis of
the acquisition and use of this type of incincrator.

Equipment

The specifications of the incinerator are given in
Table I. The unit was installed in the Purdue
University radioactive waste building located
about 2 miles northwest of the main campus. The
incinerator has two chambers, each consisting of
an aluminized steel jacket lined with firebrick. The
wasle is supported by ceramic grales and in-
cinerated from below by a burner in the primary
chamber. The combustion products pass through a
2-ft long refractory-lined combustion chamber into
a refractory lined secondary chamber where they
are mixed with the lame of the secondary burner
for complete combustion. The gases are then
released to the atmosphere from a 7-m metal
stack.

The fuel supply system was modified so that
mixtures of fuel oii and fiquid scintillation fluids
could be used to fuel the incinerator. Figure | is a
flow diagram of the converted fuei mixing system.

€C.13

Tuble I. Specificutions u] the Purdue University low-level
radiivctive wuste incinerator

Model : Shenandoan [-H/1TC

Cose: $7,08)

Fuel : No. 1 fuel oil; 5.5 gal/ne
Chamoer : 16.5 rt3, 200 10 Type tv
Surntng Race: 100 1b/he

Otmensions: Ax 728

The conversion consisted of modifying the two
fuel tanks to allow them to empty separately in-
stead of in series. One tank is used to store fuel
oil. and the other is used to store liquid scin-
tillation fluids. The lines from the fuel storage
tanks run separately through two fuel filters each,
after which they are combined at a variable flow
connection so thut different fuel vil/liquid scin-
tillation Auid mix(ures can be used. After this point
the oilfliquid scintillation Auid mixture Aows into a
storage/mixing tank from which it leaves through a
single line. Just prior to the incinerator the line
separates into two lines, each passing through a
finul filter and then leading to one of the burners.
Because the burners use only about 10% of the
fuel in the line, there are fuel lines leaving each
burner which return the unused fuel to the
storage/mixing tank.

Experimental

Non-rudioactive emissions were studied using
sumplex representative of the radivactive waste
which would eventually be processed in the in-
cinerator. These trials included a control burn with
No. 1 fuel oil only (no trash) and two burns each
of animal carcasses, laboratory trash and a fuei
mixture of one part {uel oil and one part toluene.
The carcass and the trash burns used No. | fuel oil
only. For the two burns involving mixed fuel, the
mixture was used to fuel the lower burner only.
All burns were for 48 min. The sampling period
was 24 min for the [aboratory trash burns and
48 min for the other burns.

The sampling train, known as the EPA Method §
procedure (Fe77), consisted of a probe, a i2.5<m
glass fiber filter, four bubblers, a vacuum pump, a
dry gas meter and a flow meter. The first two
bubblers were each filled with approx. 200 mi of
3% H,O,; the third bubbler was left empty and the
fourth bubbler was filled with 200 g of silica gel.
All four bubblers were cooled in an ice bath.
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FILTERS

INCINERATOR FUEL
FILTERS
l-ﬁ
— E— VARIABLE
I= CONNECTION
7 LIQUID
74 SCINTILLATION
FLUID
STORAGE MIXING TANK

STORAGE TANK

F1G. 1. [ncinerator fuel supply system modified to ailow use of liquid scintillation fluid as
fuel.

It was determined (Fe77) that 20 traverse points
of the stack would need to be sampled in order to
propecly characterize the cffluent components.
Particulates, NO,, SO,, HC!, H,0, CO, CO; and

unburned hydrocarbons were sampled and
analyzed using standard procedures (Am77;
Am71).

The need to incinerate large animais containing
radiolabelled microspheres provided a unique
opportunity to study possible environmental
release from incineration of this type of waste.
Eight animals containing plastic microspheres
labelled with “Sc were weighed and incinerated
individually. Each burn used a [S-min warm-up

iod for the secondary bumer and no warm-up

iod for the primary burner. The animails were
incinerated for 5 hr and the ash allowed to cool for
at least 20 hr after which it was carefully removed
and weighed. The total ash of each burn was
piaced in a S-gal plastic jug which was then placed
1-m from a 3 x 3-in. Nul(TD) crystal connected (o a
single channel analyzer. The counting efficiency of
the system was determined by recounting one of
the samples to which a known concentration of a
age standard solution has been distributed uni-
formly throughout the ash. All counting results
were back-decayed to the time of incineration to
determine the fraction of “Sc retained in the ash,

Resuits and Conclusions

Table 2 is a listing of the various emissions
measured during the incineration of non-radioac-
tive waste. No unburned hydrocarbons were
detected. All emissions from all burns were below
Indiana limits (In80) except for burn 4, a labora-
tory trash burn. That burn had particulate emis-
sions of 0.731b/10001b gas which exceeded the
Indiana limit of 0.51b/10001b gus. The elevaled
HC) emissions in the laboratory trash burns are
believed to be from polyvinyl chloride plastics
present in the trash. It should be mentioned that
this particular incinerator is small enough to be
exempt from all Federal non-radioactive emission
regulations (En80).

Almost all of the “Sc from the labelled micro-
spheres were found to be retained in the animal
ash. The mean percentage retention and standard
deviation for the eight burns was found to be
979 £ 7.6%. The mass reduction following in-
cineration of the animals wus approx. 25: 1.

The NRC license obtained for this incinerator
limited the gaseous effiuent to the values given in
Appendix B. Table 2. 10CFR20 for air (Co82).
Based on these limits, calculations were made of
the total activity per daily 5-hr burn that could be
incinerated for selected radionuclides commonly
found in institutional waste. These values, listed in
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Table 2. Non-radiogctive emissions from various incinerator loadings

50

Sample Particulates W, (to/mititon WO o cof 20
Bura Type (1671000 10b.gas) (opm) srTy) (pom) {pom) (% [§1]
1 fue) 011 1.3a10"? e 0.27 17.6 0 2.8 4.8
2 Antoals s.ax10”? 20 0.72 7.1 " 15 6.6
1 Antssls 7.9m10"3 25 0.76 89.7 X0 s 1.8
. Trash 7.3a10°! ss 142 1020 150 15 s
] Toluene +

tuel ot} 1.2a107? .6 0.24 18.8 180 15 Lm
§ Trash 3.3a10°¢ 25 0.59 ) 120 .5 610
? Toluena «

fuel ofl 1.1x2073 13 0.2 9.1 178 1.0 3.6

*ND « nondetectadle

Table 3, were calculated for single radionuclides
using a stack flow rate of 8.6 x 10" mi/hr. The most
restrictive soluble vs insoluble limits from
10CFR20 were used for the calculations and, in
order 10 be conservalive, the allowable averaging
over a yearly period was not used. Because the
area surrounding the building had unrestricted ac-
cess, the values in Table 3 were caiculated based
on coacentration limits imposed at the stack exit.
Incinerators which have defined site boundaries
could use atmospheric dispersion considerations to
allow burning considerably larger amounts of the

various radionuclides. Operation of the incinerator
under the coanditions described ubove was found to
eusily keep up with the rate of waste generated at
Purdue with the exception of radioiodines which
are stored for decay.

The cost-savings afforded by this type of in-
cinerator are dramatic. As shown in Table 4 for
the year 1982 the incinerator afforded an annuai
savings of greater than $140,000 when compared to
the cost required if an incinerator had not been
available. The method of cost comparison used did
not include labor costs because it was estimated

Table 3. Caiculated daily total radioactivity incinerator limits

fadionucl 1de mcr:z?/l:n * ?7135 (:21)
M (s) 107’ 380
We (s 110’ 430
Bs (s) sn10°? n.7
e (1) ai0? 17.2
P (1) 10! | 8.6
Wy (1 sa10°19 2.2
125 (5) a0 0.3
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Table 4. Cost analysis of disposal with and without the use of un incinerator for the year 1982

Without [acineration

Ladboratory Trash
Animal Carcasses
Scintfllation Flutds

Solvents

Tatal

With Incineration
Ash, Metal and Glass Total

het Savings
585 druas @ 1250 per drum -

that labor costs wouid have been about the same
with or without the incinerator.

In summary, the resuits of this study showed
that a smail, pathological incinerator dedicated to
trestment of low-level radioactive wastes can give
a very subswantial volume reduction factor for
institutional wastes with a concomitant high
economic savings. The incinerator was capable of
disposing of a high percentage of the radioactive
waste generated at Purdue with a minimal release
of non-radioactive emissions (o the environment.
In addition, a concurrent study showed that ani-
mals containing radiolabelled plastic microspheres,
a rapidly growing medical research technique, can
be incinerated with very little release of the
radioactivity to the atmosphere.
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Any consistent set of units may be used. The most
common is:

a (gm™) or, fopFadisactivity (curies m™* )y

g (gsec™) or (eries s\

APHTDB0C"S)

mﬂﬁ":mm»
This equation is the same as equation (8.35) p. 293
of Sutton (1953) when o’s are substituted for Sut-
ton’s parameters through equations like (8.27) p.
286. For evaluations of the exponentials found in
Eq. (3.1) and those that follow, see Appendix 3
¢ is a mean over the same time interval as the time
interval for which the ¢'s and u are represenmuve
Fhe:vulves ot both-wyend e are evaluated in termsd
wirthéidownwind .distarce,

P 18 vatidewhere diffusion-in the: ditde-

Wuﬂ «be-meglected; that 15,
in-thevwedivection

Lhmummed . tha relesss. is. continvous

opesbethe.durstion of release. is-equal-to or greates
rhretheseravel tirme { 2w fram. the sourceto-thd
jocationofinterese.

For concentrations calculated at ground level,
i.e., z == 0, (see problem 3) the equation simplifies

L2
1 2y
wrom = [~ H(2) ]

1/ H\?
e | —+(E)
Where<:the=tondentration 8 'to* 'Bb“c'a!etﬁa&d
siong “the-centerlifié 6f the plume*(y = 0), (see
;roblem 2) lnnﬂmuphﬁnm remlts: -
(x.0,0;H) -

u P [—‘i_ o l(a 3)

“““Fora ground-level sourca with no eflective plume
ise (H = 0), (see problem 1):

Q

¥ oy ay

(3.2)

x (2,0,0;0) = (3.4)

FFECTS OF STABILITY

The values of ¢, and o, vary with the turbulent
iructure of the atmosphere, height above the sur-
ice, surface roughness, sampling time over which
iie concentration is to be estimated, wind speed,
ind distance {rom the source. For the parameter
-alues given here, the sampling time is assumed to
w2 about 10 minutes, the height to be the lowest
everal hundred meters of the atmosphere, and
he surface to be relatively open country. The
urbulent structure of the atmosphere and wind
peed are considered in the stability classes pre-

sented, and the cffect of distance from the soug
considered in the graphs determining the para

values. Values for o, and o, are estimated {rom th.‘ i
stability of the atmosphere, which is in turn esti. <Xy

mated from the wind speed at a height of about

10 mcters and, during the day, the incoming solar

radiation or, during the night, the cloud cover (Pas-

quill, 1961). Stability categories (in six classes)

are given in Table 3-1. Class: A -is-the nost ama
stable, class ' the most-stahievetadmconsidered here.

Night refers to the period from | hour before sunset

to 1 hour after sunrise. Note that the neutral

class, 1), can be assumed for overcast canditions

during day or night, regardless of wind speed.

Table 3-1 KEY TO STABILITY CATEGORIES
. Oay Night
5::::::, Y;”:,, incoming Solar Radiation  Thinly Overcast
m sec—? or =3/8
Strong Moderate Slight ~4/8 Low Cloud Cloud
2 & A A-B 8
23 A8 8 ¢ £ F
35 8 8-C ¢ D E
56 c c-0 0 D o
> 6 c D D D 0

The neutral class, 0, should be assumed for overcast conditions during
day or night.

“Strong” incoming solar radiation corresponds
to a solar altitude greater than 60° with clear skies;
“slight” insolation corresponds to a solar altitude
from 15° to 35° with clear skies. Tahle 170, Solar
Altitude and Azimuth, in the Smithsonian Mete-
orological Tables (List, 1951) can be used in deter-
mining the solar aititude. Cloudiness will decrease
incoming solar radiation and should be considered
along with solar altitude in determining solar radia-
tion. Incoming radiation that would be strong
with clear skies can be expected to be reduced to
moderate with broken (34 to 7% cloud cover) mid-
dle clouds and to slight with broken low clouds.
An objective system of classifying stahility from
hourly meteorological ohservations based on the
ahove method has been suggested (Turner, 1961).

These methods will give representative indica-
tions of stability over open country or rural areas,
but are less reliable for urhan areas. This differ-
ence is due primarily to the influence of the city's
larger surface mughnm and heat island effects
upon the stability regime over urban areas. The
greatest difference occurs on calm clear nights; on
such nights conditions over rural areas are very
stable, but over urban areas they are slightly un-
stable or near neutral to a height several times the
average building height, with a stable layer above
(Duckworth and Sandberg, 1954; DeMarrals. 1961).

ATMOSPHERIC DISPERSION ESTIMATES
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Figure 3-2. Horizontal dispersion coefficient as a function of downwind distance from the source.
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From Table A-1 (Appendix 3) when exp

d [-— —;—(—i—)’] = 0.345, y/o, = 1.46

From Figure 3-2, for stability B and x = 600 m. -,
== 92. Therefore y = (1.46) (92) = 134 meters.
This is the distance of the 10~ isopleth from the
x-axis at & downwind distance of 600 meters.

This can also be determined from:
' e
(xOOIO;H) [}
i tz ol B ]} ' al

The position corresponding to the downwind dis-
tance and off-axis distance can then be plotted.
After a number of points have been plotted, the
concentration isopleth may be drawn (see problems
8 and 26). Figures 3-6 and 3-7 give ground-level
isopleths of xu/Q for various stabilities for sources
at H = 0 and H = 100 meters. For example, to
locate the 10~* g m™ isopleth resulting from a
ground-level sourcs of 20 g sec™ under B stability
conditions with wind speed 2 m sec™, one must
first determine the corresponding value of xu/Q since
this is the quantity graphed in Figure 3-6. ;u/Q =
107 x 2720 = 10™°. Therefore the xu/Q isopleth
in Figure 3-6B having a value of 10~ m™ corre-
sponds to a x isopleth with a value of 10~ g m™

AREAS WITHIN ISOPLETHS

Figure 3-8 givea areas within isopleths of ground-
level concentration in terms of x u/Q for a grpund-
level source for various stability categories (Gifford,
1962; Hilsmeier and Gifford, 1962). For the exam-
ple just given, the area of the 10™* g m™ isopleth
(10~ m™ x u/Q isopleth) is about 5 x 10* meter*.

CALCULATION OF MAXIMUM
GROUND-LEVEL CONCENTRATIONS

soum: concentration,. | x~ ¥/ Queg-48= s~ function o
eflactive : height_-of. -emission -and - stability ciass
(Marth, 1965). This figure was prepared from
graphs of concentration versus distance, as in Fig-
ure 3-5. The maximum concentration can be deter-
mined by finding x u/Q as a function of effective
emission height and stability and multiplying by
Q/u. In using Figure 3-9, the user must keep in
mind that the dispersion at higher levels may differ
considerably from that determined by the ¢,’s and
o.'s used here. As noted, however, since o, gener-
ally decreases with height and u increases with

°“In" denotes natural logarithms, i.e, o the base ¢.

Estimates
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height, the product u e, o, will not change appreci-
ably. The grester the eflective height, the more
likely it is that the stability may not be the same
from the ground to this height. With the longer
travel distances such as the points of maximum
concentrations for stable conditions (Types E or
F), the stability may change before the plume
travels the entire distance.

REVIEW OF ASSUMPTIONS

The preceding has been based on these as-
sumptions, which should he clearly understood:

(i) Continuous emission from the source or
emission times equal to or greater than travel times
to the downwind position under consideration, so
that diffusion in the direction of transport may be
neglected.

(ii} The material diffused is a stable gas or
serosol (less than 20 microns diameter) which re-
mains suspended in the air over long periods of time.

(i1i) The equation of continuity:

+» +%
Q - xu dy dz (3.9)
0 o )

is fulfilled, i.e., none of the material emitted is re-
moved from the plume as it moves downwind and
there is complete reflection at the ground.

(iv) The mean wind direction specifies the
x-axis, and a mean wind speed representative of
the diffusing layer is chosen.

(v) Except where specifically mentioned, the
plume constituents are distributed normaily in both
the cross-wind and vertical directions.

(vi) The ¢'s given in Figures 3-2 and 3-3 repre-
sent time periods of about 10 minutes.
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GENERAL CONSIDERATIONS

In most problems one must estimate the effec-
tive stack beight, H, at which the plume becomes
essentially level. Rarely will this height correspond
to the physical height of the stack, h. If the plume
is caught in the turbulent wake of the stack or of
buildings in the vicinity of the stack, the effluent
will be mized rapidly downward toward the ground
(aerodynamic downwash). If the plume is emitted
free of these turbulent zones, a number of emission
(actors and metecrological factors influence the rise
of the plume. The emission {actors are: velocity
of the eflluent at the top of the stack, v,; tempera-
ture of the effluent at the top of the stack, T,; and
diameter of the stack opening, d The metecorolog-
ical factors influencing plume rise are wind speed,
u; temperature of the air, T,; shear of the wind
speed with beight, du/dz; and atmospberic sta-
bility. No theory on plume rise takes into account
all of these variables; even if such a theory were
available, measurements of all of the parameters
would seldom be available. Most of the equations
that have been formulated for computing the ef-
fective height of emission are i i For a
recent review of equations for eflective height of
emission see Moses, Strom, and Carson (1964).

Moses and Strom (1961), having compared ac-
tual and calculated plume heights by means of six
plume rise equations, report ‘“There is no one for-
mula which is outstanding in all ” The
formulas of Davidson-Bryant (1949), Holland
(1953), Bosanquet-Carey-Halton (1950), and Bo-
sanquet (1957) all give generally satisfactory re-
sults in the test situations. The experiments con-
ducted by Moses and Strom involved plume rise
{rom a stack of less than 0.5 meter diameter, stack
gas exit velocities less than 15 m sec™, and effluent
temperature not more than 35°C higher than that
of the ambient air.

The equation of Holland was developed with
experimental data from larger sources than those
of Moses and Strom (stack diameters from 1.7 to
4.3 meters and stack temperatures from 82 to
204°C); Holland’s equation is used in the solution
of the problems given in this workbook. This equa-
tion frequently underestimates the effective beight
of emission; therefore its use often provides a slight
“safety” {actoe.

Holland’s equation ix .
- L - [ L B T ce reme = )
v.d T.—T.
- tlasy2miey Bt wn
.- - -

AH <= the rise of the plume above the stack, m

Effective Height

Chapter 4— EFFECTIVE HEIGHT OF EMISSION D.6

v, - - stack gas exit velocity, m sec™

d = the inside stack diameter, m

u .= wind speed, m sec™

p —~ atmospheric pressure, mb

T. — stack gas temperature, °K

Te = air tempemature, °K
and 2.68 x 10~ is a constant having units of mb™
m™.

Holland (1953) suggests that a value between
1.1 and 1.2 times the AH from the equation should
be used for unstable conditions; a value between
0.8 and 0.9 times the AH [rom the equation should
be used {or stable conditions.

Since the plume rise from a stack occurs over
some distance downwind, Eq. (4.1) should not be
applied within the first few hundred meters of the
stack.

EFFECTIVE HEIGHT OF EMISSION AND
MAXIMUM CONCENTRATION

If the eflective heights of emission wers the
same under all atmospheric conditions, the highest
ground-level concentrations from a given source
would occur’ with the lightest winds. Generally,
however, emission conditions are such that the ef-
fective stack height is an inverse function of wind
speed as indicated in Eq. (4.1). The maxivum
ground-level concentration occyrs ab some- inter-
maediate wind speed, at which a balance is reached
betwcen the dilution due to wind speed and the
effect of height of emission. This critical wind speed
will vary with stability. In order to determine the
critical wind speed, the effective stack height as a
function of wind speed should first be determined.
<I'he maximum- concenisation. lor-each- wind spesd
and stability can then .be calculated'from - Pigure
3-8 as a function of eflective height- of emission
and -stabilisy. When the maximum concentration
as a function of wind speed is plotted on log-log
graph paper, curves can be drawn for cach stability
class; the critical wind speed corresponds to the
point of highest maximum concentration on the
curve (sce problem 14).

ESTIMATES OF REQUIRED STACK HEICHTS

Estimates of the stack beight required to pro-
duce concentrations below a given value may be
made through the use of Figure 3-9 by obtaining
solutions for various wind speeds. Use of this figure
considers maximum concentrations at any distance
from the source.

In some situations high concentrations upon the
property of the emitter are of little concern, but

n
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CALCULATION OF EFFECTIVE STACK HEIGHT

H = h

release stack * AHeff]uent

Meffluent = v, d/d [1.5 + 2.68 x 1073 p(T-TYT,) d] *
*Workbook of Atmospheric Dispersion Estimates, by D. B. Turner,
Environmental science services Adm., EPA, 1970, pg. 31.

where: Vs ~ stack gas exit velocity (m/s)

d - inside stack diameter (m)
G - mean windspeed (m/s)
p ~ atmospheric pressure (mb)
T_ - stack gas temp (°K)

s
Ta - air temp (°K)

2.68 x 103 ~ constant (mb™! m!)

FOR_ASU_INCINERATOR:

h = 21(ft.)(.3048 m/ft) = 6.4 (m)

stack  (¢otal ht.)
Vg = 7.68 (m/s)
d = 1.5(ft.)(.3048 m/ft) = .4572 (m)
U= 3.4" (m/s)
p = 760 mm Hg = 1013 (mb)
Ts = 1800°F = °K = (°F-32)5/9 + 273 = 1256°K
Ta = 90°F = 305°K
AHeff]uent = (7.68)(.4572)/(3.4 )[1.5 + 2.68 x 10-3(1013)(1256-305y1256)(.4572)]
MHoeequent = 2-5(M) = 8(ft)
H = 6.4 +2.5 =9.9(m) = 27(ft)

release
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APPENDIX C

MODELS FOR CALCULATING DOSES VIA ADDITIONAL PATHWAYS
L ]
FROM RADIOIODINES AND OTHER RADIONUCLIDES
OISCHARGED TO THE ATMOSPHERE

1. Annua) Externa) Oose from Direct Exposure to Activity Deposited on the Ground Plane

The ground plane concentration of radfonuclide i at the location (r,8) with respect to the
release point may be determined by

1.0 x 168 « ¢ (r.0) 0Q;
A

C?(l'.') s [ “9("\1”] (c-1)

where
C?(r.e) is the ground plane concentration of the radionuclide i in the sector at
angle 8 at the distance r from the release point, in pCi/nz;
0; is'tho annual release rate of nuclide i to tha atmosphere, in Ci/yr;

t is tha time period over which the accumulation is evaluated, which is 15
years (mid-point of plant operating life). This is a simplified method of
approximating the average deposition over the operating lifetime of the
facility;

di(r.o) is the annual average relative deposition of effluent species i at location
(r,8), considering depletion of the plume during transport, in m',z; and

1

A is the radiological decay constant for nuclide 1, in yr .

The annual dose from nuclide { resulting from direct exposure to the contaminated ground
plant is then
0%, (r.8) = 8760 S.c8(r,0)0F6 (c-2)
14(r SgCy(r.0l0FG,,
where

Dﬁj(r.o) is the annual dose to organ § from the ground plane concentration of nuclide
1 at the location (r,8), in mrem/yr;

and other terms are as defined previously in Regulatory Position C.3.a of this guide.
. The annual dose to organ j is therefore

o(r.e) = o760 5, I cStr.0lors,, (c-3)

Values for the open field ground plane dose conversion factors for the skin and total body
are given in Tables A-3 to A-7. The annual dose to all other organs is taken to be equivalent to
the total body dose.

@ .Doos not include noble gases or their short-1ived daughters; see Appendix B.
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2. Annual Dose from Inhalation of Radionuclides in Air

The annual average airborne concentration of radionuclide 1 at the location (r.8) with res-
pect to the release point may be determined as

X1(rl°) = 3,17 x lO‘Qi[xlO'lo(l‘-B) (c'4)
where
0; is the release rate of nuclide i to the atmosphere, in Ci/yr;

xi(l'-O) is the annual average ground-level concentration of nuclide | in air in the

sector at angle 8 at distance r from the release point, in pc11-3:
[x/O']D(r.o) is the annual average atmosphere dispersion factor, in soc/n3 (see Regulatory
Gutde 1.111). This includes depletion (for radioiodines and particulates)
and radioactive decay of the plume; and
3.17 x 10‘ is the product of the number of pCi/C{ and sec/yr.

The annual dose associated with inhalation of nuclide 1 at the afrborne concentration
x1(l'.0) is then

0 a(re0) = xy(r 8 )RQFA ¢, : (c-5)
Valyes for DFA”‘ are given in Tables C-1 to C-4, and all other symbols are as defined

earlier in Regulatory Pasition C.3.b.

The annual dose to organ j in age group a fram all nuclides in the effluent is:

U?a('") "R {H('!’)“”Ua (c-6)

3. Concentrations of Airborne Radionuclides in Foods

The concentration of radiocactive material in vegetation results from deposition onto the
plant foltage and from uptake of activity initially deposited on the ground. The model used for
estimating the transfer of radionuclides from the atmosphere to food products is similar to the
model developed for estimating the transfer of radionuclides from irrigation water given in
Appendix A of this guide.

For all radioiodines and particulate radionuclides, except tritium and carbon-14, the con-
centration of nuclide i in and on vegetation at the location (r,8) fs estimated using

r(t - exp(=r. t.)] B8, [1 - expl-3t,)] )
c:('.’) a di(r.O) { \mr Rige:- . _i¥ "1 % ] exp( Aith) -

L ]
See Regulatory Position C.1 of this guide for definitions of terms. -
Carbon-14 is assumed to be in oxide form (CO and coz). The concentration of carbon-14 in

vegetation is calculated by assuming that its ratio to the natural carbon in the vegetation is the
same as the ratio of carbon-14 to natural carbon in the atmosphere surrounding the vegetation (see
Refs. 1 and 2).
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TABLE C-}

ADULT INHALATION DOSE FACTORS
imrem/pci Tnhaled)

NUCLIDE  BONE LIVER  TNTaL ANOY THYROTIO  KEDNEY

) R ) 1,30607 1,34€<07 1,388=07 1,388<07

a8E 10 1,98E=08 3,06E=05 8.96£=06 0,0 _ 0,0

6C 18  2,28€«06 3,27E<07 a,27F=07 48,27E=07 a4, 27€=07
135, 27F=09 5. 8.07€=09 6.2

9 18 a,71E=07 0,0 5.20€=08 0,0 0,0

G.3

LUNG GI=LL!?
1.33€=07 1,34€<07
2,23€=0a 1,67E-0S
4,27€=07 4a,27E-07
[
0,0 9.,24E=09

11Na 22 1,30F<0%
11N q 1.09€=06 1,69E=00 |,69€=06 1{,069€=06 |,69€=00
15P 32 1. OSQ'OI 9.65€=006 0 27€=086 0,0 0,0 0.0 1,08E=05
20CA o1 0,0 0,0 9
0.0 l 0O0E=-0a N, 0 3' E-OS
24CR  S1 0,0 8.0 1.25=08 7.a88«09 2,9%=09 1.80!-06 8,15€=07
23UN_ Sa 0.0 1,2 9,67E=06
. 'Y 0,0 1.0
26FE SS 7.62€=06 3,33E=05 9,.01E=06 0.0 0,0 3.98€=095 7 Su€=006
26FE 59 1,87€=06 3,47€=0% 32C=08 0,0 0,0 27€=084 2 35!-02
° 0.0 n.o =06
27C0 S8 8,0 1.98E=97 Z 59£-07 0.0 0,0 1.16E=08 1, 53!'05
27C0 60 0,0 1,38€=006 0.0 0,0
6. 77!-07 0.0 0,0 8,21E=06 8,11E=07
28N1 63 5.40€=05 3,92€=00 1.,81E=06 0.0 8.0 2.23€=0S 1,67€=00
28NT 6% 1,92€=10 2,62E«11 1,1aC=11 0,0 2,0 7,01E=07 1,58€=006
[ ° 0.0 =06
30ZN oS 8,05€=06 1, 29!-05 S.82€=06 0,0 A, 52€=06 1,09E=08 6,68E=006
30ZN 69" 1,02€=09 2,45E-909 2a8€=10 0,0 A8€=09 2,39E=06 1,71E=09
[ 4, 0.0
343 79 0.0 3,83E=07 0.09€=08 0,0 $S.69€=07 a,88E~0S 3 33E=06
358R H§ 0,0 0,0 1,09€=06 0,0 0,0 n,0 %.éﬂstog
. 0.0 3.01E=08 0,0 0,0 0.0 «90E=08
3SBR 8a& 0.0 0.0 3,91€=08 0,0 0.0 0.0 Z.OSE'IS
3SR 8% 0,0 0,0 0,0 0,0 0
° b 0 0.0 0.0 =06
0,0 L) 040 0,0
0 0.0 0.0 .
383R 89 3,808=05 0,0 1.092-06 0.0 0,0 le 75!-00 §.37€=09
3ASR_ 90 1'255'02 0,0 1,062€=08 0,0 0,0 1,20€=03 9,02E=09
age 0,0 3.49E=~10 0.0 0,0 3,92E=06 . -
38SR 92 8, ISE"O 0,0 3. OI!'ll 0.0 0,0 2.06E=06 S,.38E=006
0 Ne0 0,0 E=05 6,32E=08
39y . 1M 3. 0,0 1. 27!-12 0.0 0.0 2.81E=0 f.668=10
3oy " 5075!.05 °.° 1.55!‘06 0.0 0.0 2.13:’0‘ Q,81E=09
Note: 0.0 means insufficient data or that the dosa factor is <i.0E-20.
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TABLE C-1 (Continued)

NUCLIDR ouE v TOTAL BODY THYROID  KIDWEY LG GI-LLT
39Y 92 1.,29€=09 0.0 3,77€=11 0.0 0.0 1o96E=06 9,19€<06
3ov 93 1.188-08 0.0 3.,26E=10 0,0 0,0 6,07€=06 S5,27¢~0%
s0ZR 93 9 0
2.,91E=N6 0,0 6.,77€=06 2,22E-08 1, CQE-OS
a0ZR 97 .ZIE'O. 2 lst.ﬂ’ 1,13€=09 0,0 3.71€~09 9,85C=06 0&,58E-0%
GING 93n N, 0 2,38E-06
1. $.266=07 0.0
aiNg 97 2.78¢=11 7, 03('!2 2.56€-12 0.0 8,18€~12 ! 00!'07 3,02€=08
3240 93 0,0 1,17F=06  3.17€=08 0,0 $3,55€6«07 S$,.11E=0S 3,79€=0s
[] 0.0 le Ne0 .
437C 99w 0,0 3.08€-13 l 63E€=12 0,0 S.52€«12 9.50E=08 S.20€-07
0,0 0.0 $S.AS5E=0Q7 {,01E=04 7.5“‘06
L] L] (] . C. L]
agRyu 103 1,91€=07 0.0 8, 23!000 0.0 7 29€=07 5.,32E=05 1,38E~0%
s4RY 9,88 0,0 0,0 388=06 b5,02E=06
aa o0 . 0,0 1.18C=
IS:N 108 9,20E8=10 5,73E=10 4a,3%3E=10 N,0 2.,96E=09 2,41€=06 1,09€-0%
asP0 107 0‘0 5 .0 3,3BE=06 7,06E-07
a6P0 109 0,0 8,638=10 1,16E~10 0,0
STAG 1109 1,3% =06 1,25€=06 7.33E~07 0,0 2.,06€=00 S.R0E~08 3,70E-0S
4746 111 a,2% 1,78€=08 0,0 S,78E=08 2, 79!-05
q = 1.0
q8CO ttiSH 0,0 2. ICE'OS 7,98L=07 0,0 1e 33!-05 1.76E=08 &, 00!-05

S0Sn 123 88¢€=04

7,03E=08 0,0
SOSN 126 S.t-o. 8,18€<06 6,00€=06 1,238=06 0,0 1.176=03 1,59€=0S
5188 128 7 S 0,0 3,10E=04 5,08E=0%
-] . 1.06E=06 0,0
5188 126 4 50!'07 9.13!-09 1,02€=07 2, 75(-09 0,0 9. SD!-OS 6,01£-09
$188 127 3 7 =08 4,0 05€=08 3,77€=08
S -07 S.886=08 1,310 =06

1 o

S2TE 1279 1,58E€~=0s 1 02€=07 1,968=07 Aa,13€=07 8,728=06 1.20E=08 {,87€=0%
1 27 ] - A,15€=07 7,17E=0p
S2VTE 129M o
S27€ 129 6,22F~12 2 90:-12 1.558=12 8,87E<12 2,38€~1} 2.82E=07 1,.96E-08
7 ) 6,95€=0%
S2T€ 131 1.39€=12 7, uz-u 4,89€=13 1,17€=]12 S.ube-le 1.,73€=07 +24E=09
$27¢ 132 3.,25E=07 2.6'!-0. 2.02€=08 2,37€=08 |.82€<07 3,60€=05 &,37E=08
T 7,.28€= [] 8,278=12 5,51E=07 3,45€=09
0226212 1,.57€E=]12 3,u4E-\
$33 129 2.38€=06 2.11€-06 &, nt-oo S.S:f-os 4,54€=006
o f£=04

2,22€=07
9,61E=07

ol 6!-00 1.49E
$31 132 1,85E=07 l 07!'07 1,85€=07 S,a8€<0S b.ﬂ"-07

5.08E-08

1.109-48

G.4




()

G.5
TABLE C-1 (Continued)
WOCLIDE - BONE LIVER TOTAL BODY THYROID KTINEY Luec GI-LLL
31 133 1,08E=06 1.086€-006 S.,87€=07 3.A0E=-08 3,25€<06 0,0 1,09C«08

S31 13a 8,00€=08 2,16€=07 7.70€=08 2,ATE=05 3,44€<07 0,0 1.26E=10
$31 3S 3,368=07 B8,78E=97 _1,17E=08 6,56E=07

3.60605 1.226-05 1.30E=0h

S.11F=06 1.57€=06 2.11E=07
e ()

LSy b I o B

s:01€-08_s.07¢-09 2.33F<13

- 2
SSCS 138  a.876=05 1.06€=08 9,11E=0%

$SCS 131S

1
$SCS 137 S. 90!-05 7 17€=08 S5,.36€-0S
$SCS 138 8,14€=08 7 77!-00 l 06E=0A7

1,86€-08 1,29€=05 06,N0€=00

*
7 70!-10 l 70!-07 1.12E=07

1 .
S68a 139 1,17F=10 D 32?-10 S.C?E-IZ
2 SQ!'OI 2,738 =09%

$60A 180 a,080-06 b,13F-09

1 .
SedA 182 3,29€=12 3,38€-15 2,07€~-13
8,30€=08 2,17€=08 S, 73E=09

]
0,0 T.92€=07 2.64E=07
7,03€=07 a,52E=0% 1,50€=0%

STLA 182 B.SaE=11 3.88€=11 9.6SEe12
SOCE 181  2,a9€=00 1,69E=06 1.91E=07

SBCE 1688  8,29€-08 1.79€<08 2.30E=0% 1.06€=08 9.73E=08 1.02E<04

S1E=05 2.50E=05

S9 188 1.56€=12 1.91€E=13
60ND 147 b S9E=07 7, 62!007 3,56€=00

8,4S5F=07 2,76E=05 2,16E=08
1,39€=05 06,61E=05 5,.54€=06
3.85%E=-06 2,1ak=0a &, -

1.20€=07 3,91E=05 S.80E-09%
9,19€-09 7,22E=06 2,50E=03
2,55€=09 3,9aE=06
1.06€=05 a,86E=05 S 25€=0s

1.,98€=06
61Pn (a8 3.00:-07 $,37€=08 3.20€-00

1,8026=09 7,21€E=10
628M 151 0 S9€=0S 1,d8€=05 3,9%5&=006

28M 193 1,70€=08 8,59€=09 4,]1S5E=06 1,38F=08
6 1 6E=09S . 3.35€-08 3.43E=-08 1|, =0S
638V 158 CDE.OI 9.,108=09 6,088€-0S ® 8,36€=08 S, A5€=08 3,30€=0S
o3EU 1S5S 1,01F=08 1,683C-05 9,.21€=06 o 6,59€<05 9,37€=0% $,93€=06
o3tU 156 i.?!!-ao 1.40€=06 2,30€E=07 . 9,95€=07 8,57€E=05 4a,S0E=0S
6578 160 2,21E=0S 0,0 2,75€=96 o 9.10E=06 1,92E=08 2,68E-05
6THO 166M S 3J7€=08 1,05E-08 8,00€=05 o 1,570=08 3,98F=08 |,59€=0%
1 6, . . =
Taw 169 1e 95!‘07 b.l7!'03 ..0!!‘09 0, N0 $.57€E=0S 1,07€=05

788 63€=06 1,90E-08

82r8 210 2, a-c-oa 6,72€=03 3.378-00 0, . 2
a38l 210 0,0 1,59F=00 1,32€=07 o, 1,926-05 1,116-03 2,95€-0S
8afQ 210 3,97¢<08 8,60E=08 9,58€=05 O, 2.,95€=03 3,10E-02 4,19€E=0S
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TABLE C-2
TEENAGER INHALATION DOSE FACTORS

NUCLIDE  aONE LIVER  TNTAL 807Y THYROID KIONEY LUNG “GleLLl?

14 3 0,0 1,008=07 1,066=07 1,06F=07 1.006=07 1,06E<07
6C 18 S5,00E=07 S,06E=07 S,56E=07 S,56E=07 - $.066=07 S.566E=07
22 76€<05 76€=08 1,34€=06

=08 2.93€<08 0,0 1.71€=08 {.19€=05

27€0 60 0,0 e sse-or 2.06E=07 0,0 1.07€=03 2.94E=0S
888 89 a _84€-06 0,0 39«07 0,0 (ose 3,136=08 4,42E=0%
%i!I"ﬁr"11133=3!"5f3""' 9.oié=3§ 0.0 2.07E=03 9.05E<08
39Y 90 1,41E-08 0,0 3.79€=10 0,0 0.0 6,79t =05
39Y 9} 6,72€=006 0,0 80E=07 0,0 ADULT 3,57E=08 G,67F =08
TZ'I'_‘B_I"'STET—'- e J0E500 4,5aE=07 s.nt:_-or 0,0 s.zoé-o"‘- " 1.66E=05
4IN8 9§ 1 ,70€=07 11,0307 S.78€<08 0,0 8.96E=05 1.10E=0%
s8RU 103 0.0 «09 0,0 DOSE 9,19E=05 1,1A8F=05
aaRU 106 1,05€=06 0,0 1.37€=07 0.0 2.05E~03 1,16E=04
SOSN 123 3,89€=06 7.608E=08 1,15E=07 b6.1SE=-08 8,99E=08 3,91E<0S
S2TE 1254 S _09€=08 2 _32fe 1,86E=08 FACTOR) 5.70E=05 B,ASE=06

SeTE 1 1,6¢E=11 7,30€-12 4a,028-12 1,34E-11 1.536=06 1.0

S2TE 129% 1,89€=07 7,0S€=08 2.,308-08 4&,88€-08 2.58€=04 4a,80E=05
32 3,756=09 3 _00€= =09 §,67E=0 b,81E=20%
e98E=086 9,81E=06 7,32E~03 0,0 2.16E=07

531 131 .215-00 $.90€=06 3.52E=06 1,74€=03 0.0 7.45E=07
s3I «07 G,79€<«04 0,0 1.25€=00
136 3 6,80E=08 0,0 1.80€=05 1.1eE=06

$SCS 137 D 02€~0% 11,0308 3,79€<08 0.0 1.87€=05 9,60€=07

0 2.53E=08 2,65E-06
[} ‘20706205 S.,81E=08
0 7.29€=0% 1.,42E=0S
('] 172603 1,05€=048
0 9,29€=08 «81E=0%
0

3.886=01 4,.16E-08

z;;u.u.;.g:_u_hmn_-..znm
$STLA 180 €209 a,72E=10 1,67€=10

$8CE 141 2. BIE'07 1,908=07 2.18E-00
7

1.026=05 8,07€=06

o2y 232 a:xcz-os' 9.0 a.37¢<04
[}] [} -

98Py 234 §,83€=02 7,.98€<0}
9aPu 239 3,07€~01 S, ooz-oz 9,06E-03
]

3.18E=01
2.98€~-01 4.13E=05

aPu 2'1 1.29€=-08 |, a-z-os 3.20E=00 0,0 1.926=208 7,94t =08
95AMN 241 1.20E=08 a,11€=02 7,79E=-0% 0N,0 1.01E=01 4,d34L=0%
96C™ 282 1,358-03 °08 0,0 6,87F=02 43,83E-05
9% : =03 0.0 1.05E=01 '.ba!-o;

Note: 0.0 means insufficient data or that the dose factor is <1.0E-20.
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TABLE C-3
CHILD INHALATION DOSE FACTORS
nrem/ p nhaie
NUCLIDE  RONE LIVER  TOTAL BODY THYRIID  KIDNEY LUNG Gl=tLll
1H 3 0,0 2,03€<07 2,03E=07 2,03£-07 2.03E=07 2.03E=07
6C 18  1,09€=06 1.89E€=06 x ooe-oo 1.69€208 1.69€=06 1,69E=06 .
a,a «0S  3,32£-0% © 8,02E=0% 1,28E=06
27 8 0,0 3.11F=08 7 23:-05 0.0 3,00€-04 9.
27€0 80 0,0 2.90F<07 S,07E=07 0,0 (usE 1.87€=03 2,53E=05
31888 89 1.4 0.0 a,16E=07 0.0 5,06E=0a 3 SHE=0S
i) q,436=03 0,0 2.70E=08 0.0 4,00€=03  9,51F=0%
39Y 90 9.87€-08 0.0 2.65€=09 0.0 7.26E=05 7,43E<0S
39Y 91  2.01£-08 0.0 S, 36E=07 0,0 ADULT 5.90E=0a a,A2E=0S
Q0ZR 95 3.81E=06 8,86E-07 8,05€=07 0.0 S.726=08 1.55E=05
aiN8 95  a4_60E=0T 1 ,96E=07 1{.38E=07 0.0 DOSE 1.58€=0a 8,96E<0n
aaRU 0,0 35E=08 0,0 71€-0a  1,14E=05
=06 0.0 - 3.88E=07 0.0 T,938=03  1.18E=04
SOSN 123  1,08F=05 1,78€=07 3.a3€=07 1.88€-07 ppcTOR)  9.46E=0a 4, 03E-0S

2SM 1 .52€=07 06€=08 30€=04 9.13E=06
SeTE 127 4,83E=t1 1,65F=11 1,20€=t1 d4.01E~t1 2.586=06 .
$2TE 129M Q,34€=07 |, 58E«07 7,03€=0A (.46E=07 4,876=08 4,93E=05
-39 038208 &,52F =09

129 1.05€=0S 6,30E=006 2,86E=05 2.10E=02 Ne 07

S$3IT 131 t.23€=05 1, ZSE-OS 9.878=0h6 0,16€<03 0,0 T,17E=07

531 8,53E=08 7E=06 0,0 1,50E=06

134 1,68E=048 .b9E-0l 6.02€=05 3.21E=05 1,02E=06
SSCS 117 2.34€-08 2.106€-04 3,38€-05 2.71E=05 9,22E=07
a€=07 a,69€=08 2,68E=06
10 @&,38€~10 a,92€=¢
S8CE ta1 a 47E=07 a,28€«07 o.30€=08 1,39€=04 1,47E=05%
F=03 1,08E=08

63tV 1S4 2.,87E=0a 2,12E=05 2.09€=0S 0,0 1,67€=203 3.51E=09%
92V 232 1.838=02 0.0 1.,31€=03 0,0 7.83E=01 4a,2RE=05
«08 N,0 7a€=01 3,92E<=05

9aPU 238 9,60€=01 1,00€=01 2.,384€=02 0,0 S.A7TE=01 4.0
93Py 239 1,106 00 1,13E«0) 2,71E=02 0,0 §.56€=01 4,28E=05
€= 9,0 G1E=01 4a,28E<05
° 9, Y€=06 0,0 S.blE’O" 8,16E=08
95AM 2at 3.57€=01 99,3102 2.33E=02 0.0 1.95F=01 4a,57€E=0S

96CM 3,05F=08 3,17E= )

6CN 2 09€=01 b,77E=02 1.20E=02 0,0 2,02€6=01 4.73E=0S

Note: 0.0 means insufficient data or that the dose factor fs <1.0€-20.
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Minute volume for Reference Man
Adult Aduit Child fnfant

man woman (10y) (ty) Newborn
Resting (I/min) 15 6.0 48 1.5 a5
Light activity (I/min) 20.0 19.0 13.0 42 1.5

Liters of air breatbed for Roference Man

Adnly Ad=ly Chid Infant
man woman 19y ay Newborn
$ b working ‘‘light activity’® 9,600t 9,1003 6,2408 2,5004 rﬂ
(10 (1b)
§ b aosoccupstional activity 9,600¢ 9,1003 6.240%
8 b resting 3,600t 2,900% 2,300% 1,3001 690%
(14 m) 23 b)
L ]
Total 23 < 10* 21 < 10* 1S5:10* 038 < 10* 0.08 < 10¢
% of total air L~ 43

breathed at work

For the dose calculations at 200 and 300(m), the 24 hour total intake
was used.

The adult dose at the stack is calculated for occupational exposures
of 40 hours per week, 50 weeks per year.

However, dose estimates for teen and child at the stack using a 24
hour intake are also included to determine the dose to the animals on the
site.

Adult women values from the above table were used for our teen cal-
culations.

(Above table from Reference 4).
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1.1

Mazimum permissible body burdens and mazimum permussible conceniralions of radionuclides in air and in
watsr for occupational exposurs

Maxzimum permissible concentrations
- Mazimum
Organ of reference | permimsible
Radionuclide and type of | (critical organ in burden in For 40 hour week For 168 hour week®®
decay boldface) t.oul(nbt):dy
! (MPO), | (MPO. | (MPC). | (MPO),
nc/co uofco nojce wejco
§x10-¢ | 0.03 2X 10~
{HYHTO or HIOXS) (Bod) 8% 10-¢ 0.05 ¢ 10~
(HD (Immersion) 2107 ... 4% 10
«CW(COy () 4% 10~ 83X 10~ 18-
(8ol) sx10-¢ | 0.01 3% 10~
8% 10~¢ 0.01 2% 10-¢
(Immersion) §xXi10-¢ | .L......... 10=e
+P® (87) 7% 10-¢ 2X 10~ 2x 10~
44X 10-7 IX 10~ 10~7
- (Sol) 8x10~? IX 10~ 2x10-7
68X 10~ 2% 10~ 2X 10~
3IX 10-¢ 8% 10~ 10-¢
(Insol) o | axkie | $Xioe
»Cat® (5~) 3% 10— X 10-* 10~
(Sol) Ix 10~ 7X 10~ 9% 10~
:15;5'10-' 4X 102 10~¢
(Tnsal oxior | 3Kie | 3o
+Cr¥ (¢, ) :::: g.gz 4104
X 4X10-¢
(Sol) 2% 10-? 0.4 8§X10-¢
S L
X 2% 108
10~ 2 4X10-8
o g | K
nCo® (8=, v) (o 0 A X ) R SRS 10-? 3% 10! X 10~ 10~
Total Bedy......... 10 4% 10=3 4% 10~ 10-3 10~
(Sol) phneress----------- % o3 | BT R | e
.............. X X X
%qletn ............. 200 0. 08 4% 10-¢ 0. 02 2X10-¢
leney ............. 200 0. 07 GXIIO" 0. 03 2X10~¢
BAQ..-cvcceccccncfeanccnnncee) cocecnnaa IXIOFY ..., s
(Insol) {Gl 7 SRR MR 10~ Xl 3o | dx 10
»Zn*(8*, 4, v) 107 10~ 4X 10~
107 10-% 4X 10~
101 10-* 5% 10~
2% 107 2X 10~ 7% 10~
(Sol) 10~ 2% 10 4% 10~
3Ix10-7 3% 10~ 9x 10~
4X 10~ 4X 10~ 107
. 5% 10-7 4X10-¢ 2% 10~
68X 107 8 10-% 2X 10~
i, |00 |8
........... X
(Insal) ox10~ | aXie~ | 3x10~
uAs't (5=, v) 10~ 23X 10~ 4X 10~
o g (4T B
. X
1 ] 2]
i e | B
BX10°" | eecena 2X10~7

*The sbbeevistions QL 8, 81, ULL, aad LLI refer to gastrointastinel traet, stemach, small Intestines, upper large intestine, and lewer lerge intestine,

~u=!|'t-uu¢mmumm—umxwm-ammmmym-nmm of the M PC for the 40-hour wesk. Purt of this is
bl “%mamww&wdlwm‘mmm mgeuuldncl:::z{m FhMPCNh;'

are
for the 40-hour wesk are to be considered as besis for cooupational exposure, and the vaiues for the 108-hour wesk are basic for coatinuOUs exposure s in the
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Mazimum permismbdle body burdens and mesimum permisecdl
waler for occunational posure—Continued

Ipenis,

8 of radi

e oo,

[.2

in air and in

Mazimum Maximum permissible concentrations
Organ of reference ﬁerminible
Radionuciide lylld type of (crit;m ‘o.r.r)n in &uﬁe&r; For 40 hour week For 168 hour week®**
q(me)
(MPC), | (MPO), (MPC),, (MPC).
se/ce uc/eo uc/co we/ce
231® (5°) Bewe. ... 4 IX 10— 3X 10~ 10— 10~
8od) {GI (LD eeeeeae e 10~ 3% 10~ 4X 10 sl& 10~
E::: Body..c..._.. 40 2% 10~ 3;}3-_: 7X 10~ 8% 10-
....................... el co v vacnare “m e r v mm. . .
(Tmsod) W@p (Libv. 22000 A 104 10-1 3Xies ] % 10me
15 (2°) Beme......ccou....|2 4X 10~ 3x 10w 10~ 16—
(Sol) |{ Total Body......... 20 10~3 9% 10~ 41X 10~ 3x10-»
E:.('LLI) ...................... 10 g;:itor_: 5% 10-¢ 10~
............................................ 2% 10~
(Insol) {Gl (LY. ool 104 2%10-" | 4X 10~ 8% 10-%
wlrt (8-, v, 6~) G (LLD .o e, 2% 10-? 4% 10~7 8% 10~ 10~
Total Bedy. ........ 20 3 10-7 i 4x 10~
(Sal) {(BODeeeeme . 30 4 2X 1077 2 610~
Kidney..._......... 30 4 2% 107 2 610~
Liver. . coeenu...... 40 8 3x 107 2 9¥ 10~
lipleen ............. 40 7 gx lg_': 2 10~7
T RN RN SRS X10~* | ... 10-*
(Insol) L@y (DL -ooIoiolofiliiiiiii 2}ie- | 3x10 | exies | 10~
aNb® (8- ) GI(LLD . ... ... ... 3% 10~ X 10~ 10t 2X10-7
Total Bedy. .__..... 40 10 8§X 10~ 4 2x 10~
(Sol) Liver. .o (1] 20 7X10-7 % 3Ix 1g-7
Kiduey..eoeeaaan... 60 20 8% 10-? 6 Ax 10-7
Boune....cc.........| 80 20 3> 10-7 7 3> 10-7
Eple.n ............. 80 20 {24 7 341077
BOY. .cccccrcccacme] crcconcmncfeccccocnan =7 .. -
(Insal) {Gl ('u.n ...................... 3x10-3 5X10-7 103 ;; :3—1
wRu®e (8= ) CLEELR B DR PR 4210 8x 10~ 10-¢ 3X 10~
(8ol [|Kidney............ 3 0.01 10~ 4% 10~ 5% 10-¢
Bone..oooooccennn.. 10 0.04 5% 10-7 0.01 2% 10~
Total Body......... 10 0.06 :x IO‘: 0.02 3% 10-7
LR e T it ottt I T3 T =S o3t S ST aaiiny ot
sl (8=,7,07) iThyvold . _.......... (1 4 X 10-4 X 10— 22X 10~ Ix10-*
(Sol) | Total 50 5% 10-¢ 8% 1057 2% 10-? 3x10-7
ng [0 7 7 { FOUUIPPT I 2.030_' ;x 10-'- t.). 01 2x110--
S - hbbobinbond Iinbont RobafbU o3+ Iniobadll 1 &
wCa'® (B, v, &) Total Bedy .. ....... 30 4X 10— X% 10~ 2% 10~ 2x10~
Liver. . oooveeaan.-. 40 5% 10— 8% 10-* 2% 10~ 3X10-*
SpleeR. .oceannn- 50 6 10~ 9% 10~ 2% 10~ 3% 10-*
(Sol) |{Musce..._....... 50 TX 10~ 10~ 2% 10— 4X10-¢
BON®cecenenncnn-- 100 10-8 2% 10~ 5% 10~ 7% 10~
Kidney.cuueen-- .e-l| 100 10-* 2% 10~ 5% 10~ 8% 10-¢
.............. 300 5% 10~ 8% 10~ 2% 10~ 2% 10~7
AGI (SI)ecumcmacaccc] macccean. 0. 5% 10-¢ 8 10-* 2% 10-¢
. Insol) L-nt .................................... 10~ | ..... X 10~
( (eI (LLhy----loollliyiIiiiiiis 10-1 ax10-r | 4xie~ | 8x10-*
#wCe'* (a, 8=, 7) (21 A R\ TN 3% 10~ 810~ 10~ 3% 10~
o ceemeceaa- 5 0.2 10~ 0.08 3 10~
(Sof) ({Liver. ... ccccenn-.. ] 0.3 10~ 0.1 $ 10~
wemvamemmvan. 10 0.8 2% 10~ 0.2 7X 10~
Total Body...ee-... 20 0.7 & {9.:: 0.3 ;2?1 o
(Ensol) {cx in o o akaes T exaome e T 2% 10~
uPmi?(a, 5~) {m (T ) SO IR ex 10—t 10~¢ 2% 10~} 5% 10~7
{Beme..ooeo oo 60 1 6 10-¢ 0.5 2X 10~
(Sol) |{ Kidney.eeeeeeenn--. 200 4 2% 107 2 7X10-%
1’1‘0(-.! Y e 300 7 3% 10" 2 10~
l‘l.m:- .............. 300 8 : ;‘. 10~ 3 ;o-'l -
‘Lalg....oeenccecce] cececccecicncacaaans L b4
(Insod) W@y (Lify-ooooooooiifisosiiis exieri" | 10~ %107 | ax10-
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Mazimum permissidle body durdens and mazimum

[.3

ble concenirations for radionuciides in air and in
water for cccupational ¢mn~—Contlmnd

M Maximum permissible eoneontndon:
aximum
Organ of reference | permissible
Radlonud:i.:. and type of (crit;?kl"orp)n in buﬁmn For 40 hour week For 188 hour week®®
y 208 to! y
q(pe)
(MPC), | (MPC), | (MPC), | (MPC),
nefce ucjes nefes nefece
" nTe® (8-, 9) Gl (LLD)aeocccuaa... groeme e (l’q"' 23(( {Q.: 4X 10~ ?{_‘10"
V. e voannes R R X
(8ol) |{ Kidney...... cmeemon 20 2 8 10~ 0.7 3x10-¢
oAl B S A
Bone.oeeovvnoou..| 50 6 ax10r |2 9X 10~
(Inaot) [{LomEzcmomemnonnn) oeeeoeee | ceee| BX1O 7X10-¢
GI (LLD...cceeecen) cacnnanan < 103 2% 10~? 4X 10~ 7X 10~
win® (8=, ¥) TE T T S PO 16-3 3x10~7 4% 10~ 9% 10-¢
dney.............] 6 4X 103 10~ 10-3 4X 10~
(Sol} KSpleem............. 7 4x 102 107 10-3 5% 10~
Liver. - coeueeacaan- 8 5% 10~ 2% 10~' %10~} 810~
Total Body......... 20 0.01 4X10-7 $X10- 107
(Insol! {l.nl ..................................... IX10~* | ... 99X 10—
¢ NG (LLD e ceeecccafenaccaaaan. 10 2%10~7 4X 10~ 86X 10~
mAuE O - el el I Sy ol o3 S - Ll A
(Sol) |{ Total '"}::::IZZZ.' 30 o1 4x10~ | 0.04 2% 10~¢
............ 0 0.2 8% 10~ 0.07 3% 10~
.............. 20 0.3 10-¢ 0.1 +X 10~
(Insol) Gl (u.l).----...--- ............. 103 2% 10~ X104 8X 10~
................................... 6X10~  [...........] 3X10~7
wRn®t(a, 8, ) b 398 [ o I PR 10~
X 10-n 10! 10
wRa®® (o, 5=, 7) (8ol) gx l‘t;l 2% l&: zox-’",-“
P profra 5x3 ...... ;x 10w
Insol 2x10~ X 10=¢ X 10-*
(Sol) EX10-* | 4X10~* 2X 10~
6X10=% 1 5X10-¢ 2X 107w
o | oo ot
(Tnsal) 107 “3%ie= | sx 10~
1wl (o, v, &) X107 4X 10~ 8% 10-*
(Sol) 7xXi0-n | 86X 10~ IX10-u
ex10-* | 8x10-¢ 23X 10~
FES N P Sxion
(Lasol) ax10-  |Taxie= | ex10-
2x10-n | sx10-¢ ex10-1
7X 10~ 2X10~¢ 2X 10~
9X 10~ | 2X10- 3X 10~
2% 10~ 3% 10~ 6X 10~
S [ S0 | o
2x10~7  |'3%10~" 7] sx10~
aw. Por ol ather lsatapes the datghter elements



[.4
Maximum permissible concentration of unidentified radionuclides in water, (MPCU), valuss®, for
CONtinuous occupational exposure

. .. uclemy
Limitations of water*®
If 0o one of the radionuclides Sr*, I's, ['®, [in phse Posie, Ags, Ret™s, Re®™s, R, Rat™, AcH®, Th®, P,
Th*®, and Th-nat is present, then the (MPCU e is.. .o i v riiiiiiiiiaiiriiiinircrsersssssetssnmsasessssssssssssassssssssessans 3Ix10-*
If no one of the radionuciides Sr*, ['™, Phs*, Po®, Ra’®, Rat™, Ra’™, Pat™, lﬂ'ﬂl—nﬂumﬁ.ﬁnntho
(MPCUDp i eeceeronennrosnsesnnorrsnessscossssosossasassnsessssssassesssssssusnasssessssssssessrssnsasasnannssassssnnns - 2x10-°
If no one of the radionuclides Sr®, ['®, Ph3», Ra®®, and Ra*™® is present, then the (MPCU)y is.........cccoveveeeeieneniarees Tx10-*
If neither Ra*™® nor Ra™ is present, then the (MPCU), is...... . . 10~
If no analysis of the water is made, then the (MPCU)w i......ccovvviiiiiririiniieancmrnrioreeceenmenmnssrenerssssssssssssesesees 10-'

*Eesh (MPCU), vaius is the amailen valus of (MPC), is tahis | for redisnmslides other then thes listed oppemses the vaive. Thas thase (MPCU), vaines are permie-
aible lovels for cmtinnous essupatisnsl supasure (180 hevwi) for any redisauclide ar musture of radisnusiides where the indicated isstapes are not pressnt (e, where the
ameantretion of the radisnusiids (s wamr is smell campared with the (MIFC)y value for this radisnusiide). The (MPCU), may be mush smeller than the mers sanet
aciem perwminsibie csncsatretion of the matarial, but the detarumastion of this (MPC), requires identification of the redienuciides pr and the
of ansh.

%“dh“h““hhwdnﬂw—

Meaximum permissibie concentration of unidentified radionuclides in air, (MPCU), values®, for

continmus occupational exposure
_ - — 3
- | ucfem?
Limitations of sir*®
If there are no a~emitting radionuclides and if no one of the S-emitting radionuclides Sy®, ['®, Phse, Act? Resss,
Pa™, Pu*, and Bk is present, then the (MPCU), is. 10-*
If there ere no a-emitting radicnuclides and if no ons of the S-emitting radionuclides Pb®*®, Ac, Re®™, and Py
is present, then the (MPCU), is....c..coceoreiianceenenns 10~
If there are no a-emiiting radiocnuclides and if the S-emitting radionuclide Ac™ is not present, then the
(MIPCUg i8...ccveereerensassvassossesrussnassasesnrenseses sesasssssasssensassnsassnsesssssssssssassesssnsssnssossssnssnnessssesessnnsessssssnnnneses 10-"
If no one of the radionuciides Ac®™, Th™®, Pas®, Th*™=, Th-aat, Put®, Pus®, Pu, Py’ and C(* ig present, then the
(MPCU), is. 10~
If no one of the radionuciides Pas®, Th-nat, Pu™, Pu*®, Pu*s, and C*® is present, thep the (MPCU), is............. Tx10-
L J
If no analysis of the air is made, then the (MPCU), is... 4x10-19

*Eesh (MIFCU), vaiue is the amelisst vaius of (MPC), ia table | for radisnusiides othar than thags listed eppasite the vains. Thas thass (MPCU), values are permne-
wible lovels for csntinneus cssupetional enpssure (108 hetwh) for sny redisnssiide o mizture of redisnuslides where the indiested i afe not pr (La., whare
the cenmntration of the radisnuelids ia air is amnll comparud with the (MPC), value fir this redisnusiids). The (MPCU), valus mey be mush smaller thas the mere
canst masicsms permdssible conmancrntion of the metarial, bat the determination of this (MIPC), reguires identificstion of the redisnssiides pressnt and the csasntration
of amsh.

**Use enn-emmh of thaw valens far interim appiiestion in the asighbertesd of & contrulied expesere erva.

*These radiomuclides were selected from National Bureau of Standards Handbook 69 (for sale by U, S, Government
Printing Office, Washington 25, D, C.), This publicationlists (for all radiomclides) the recommendations of the
National Committes on Radiation Protection and Measuremens for Maxirmum Permissible Body Burdens and Maximum
Permissible Concentrations in Air and Water for Occupational Exposure, The handbook shouid be consuited for MPC
and MPBB values of other nuclides or for information on derivation and limitations of these values,
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J.1

Explanation of Radioactivity Data Sheet

The Data sheet presents the results of a Gamma Spectroscopic Analysis
of a given sample. The equipment used is a Multichannel Analyzer in conjunction
with either a Sodium fodide or Germanium Lithium Detector. The detector
itself is located inside a shield consisting of an eight inch lead casing.

The one liter sample is placed in a Marinelli Beaker (for reprocible
detection geometry) and counted for at 1eastl: 100,000 seconds.

The detector efficiencies given on the Data sheet were found using
a plot of efficiency versus energy for the detector of interest. The
plot was obtained using a Marinelli Beaker configuration calibration
source traceable to the National Bureau of Standards, containing at
least five nuclides with energies ranging from 0.122 MeV Co-57 to 1.33
MeV Co-60.

The Area data given for each nuclide is found by:

Area = integral under photopeak - scatter continuum - laboratory
background

The laboratory background is obtained using the same Gamma Spectroscopy
equipment, counting for a length of time equivalent to that of the sample
count time.

The Activity and Minimum Detectable Activity of the sample are
determined for each nuclide present according to the following relation:

Activity(Bg/gm)= Area
(Frequency)(Efficiency)(Count time)(Sampie Mass)

Laboratory Background

MDA(Bg/gm)= 3
{Efficiency)(Sample Mass) _ (Count time)

The Minimum Detectable Activity formula corresponds to 99.7% confidence
level in the accuracy of the data, as stipulated by the National Bureau

of Standards.



J.2

Note that the Frequency is sometimes called the Abundance and is
characteristic of each nuclide.

Combined Peaks arise from the lack of high enough system resolution
to differentiate between nuclides having photopeaks relatively close to
one another. Therefore, they may be igentffied hy their energy but an -
activity for each nuclide cannot be determined.

Also note that the first eight nuclides listed in the Data table
exist naturally from the decay of the long-lived Uranium-238 and
Thorium-232. The other nuclides listed are some of the gamma
emitting isotopes that the Radiation Protection Office might be burning
in the incinerator. All gamma emitting nuclides will be included in the

analysis.



J.3

RADIOACTIVITY DATA SHEET

Detector Efficiency (%) Area Activity MDA

Nuclide Energy(MeV) Frequency(%) Nal (T1) Gel i (Counts) Ci/gm Bq/9m Ci/gm Bg/gm
Th-234 0.063 3.5 4.85
Ra-226 0.186 4 4.45

0.295 19 4.1
Pb-214 0.352 36 3.95

0.609 47 3.3
Bi-214 1.120 17 2.3

1.764 17 1.46
Pb-212 0.239 47 4.28

"~ 0.340 15 4.0

Ac-228 0.908 25 2.68

0.960 20 2.58

0.511 23 3.51
11-208 0.583 86 3.36

0.860 12 2.75

2.614 100 0.8
K-40 1.460 11 1.8
K42 0.310 0.2 4.1

1.520 18 1.7
Rb-86 1.08 8.8 2.4
Na-22 1.275 100 2.1
System: Count Time: Combined Peaks:
Detector: Date: Nuclides Energy (MeV) Area (Counts)
Sample: Processed by:

Sample Mass:

Approved by:
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ARIZONA DEPARTMENT OF HEALTH SERVFICES

Division of Environmental Health Services

BRUCE BABBITT, Governar CM/(t

Donald B. Mathis, Acting Director -

é*\é} *,v'\ MAY & 7 1983
Arizona State University

Laboratory Animal Care Facility

Annex - 1st and Price Road

Tempe, Arizona 85257

ATTN: George Bjotvedt, VMD, Acting Director

Operating Permit No. 0291-34 for Consumat Waste Disposal System
Permit Fee: $100.00

Gentlemen:

Your operating permit for the referenced facility has been granted by
the Department of Health Services subject to payment of the fee above.

Please make check payable to the Arizona Department of Health Services
and remit to the Controller, Division of Administraticn, Department of
Health Services (Attention: Bureau of Air Quality Control). Upon re-
ceipt of your check, the permit will be forwarded to you.

You are advised that an operating permit is a legally enforceable docu-
ment. If your facility fails to comply with the provisions contained
in its operating permit, you will pe subject to enforcement action and
could incur criminal fines of up to one thousand dollars a day under
Section 36-1720, Arizona Revised Statutes.

If you have any questions, piease do not hesitate to contact the
Engineering Services Section of the Bureau of Air Quality Control at
(602) 255-1144,

Sincerely,
@W/&ﬂ_ :
Carl H. B111ihgs, P.E., Mggzﬁitiy

Engineering Services Section -
Bureau of Air Quality Control

The Department of Hesith Soui«ninAn&udOppomﬂyAffnmcﬁucAmbnEnm.Aﬂ ualified
women, inciuding the handicapped, are encouraged to participate, ¢ mem and

State Health Building 1740 West Adams Street | Phoenix, Arizona 85007
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ARIZONA STATE
UNIVERSITY TEMPE. ARIZONA 85287

UNIVERSITY RADIATION PROTECTION
MCALLISTER OFFICE COMPLEX 130-8 (602 90881408190

February 16, 1983

Arizona Dept. of Health Services
Bureauy Of Afr Quality Control
Compliance Section

1740 W. Adams Street

Phoenix, AZ 85007

Gentlemen:

SUBJECT : Vinyl Chloride Emissions Test: Operating Permit Request

The following is a report of the vinyl chloride (VC) emissions
test (Method 106) conducted January 18, 1983 at the ASU Lab Animal
Care Facility pathological incinerator at Price Road and 1st Street
in Tempe. The test was performed as requested by the ADHS to demon-
strate compliance with the applicable air quality standards prescribed
by the State of Arizona ARRA Rules and Regulations, Titles 9 and 12. .

Two previous VC tests did not meet specifications. Recommendations
(see Appendix A) by Mr. Dennis Siivola, AQCB representative, were initi-
ated in this third test. Considering our limitations, we have complied
with the test methods and procedures specified in the Code of Federal
Regulations as closely as deemed possible. Our pollutant emissions
test results are well below federal limits.

If you have any broblems or questions concerning this report,
please contact our office. Thank you very much for your consideration.

Sincerely,

P e )y W
Richard F. Brown
Radiation Protection Officer

RFB/J1s
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[.  GENERAL

A. Background Information

May 20, 1981 ASU submitted an application for an amendment to
its Radioactive Materials License, #7-37, to the Arizona Radiation Reg-
ulatory Agency (ARRA) which would allow disposal of hazardous and low-
level radiocactive waste by incineration in a commercially available,
(Type 4 waste) pathological incinerator. Before the ARRA can issue the
amendment, all other necessary permits for the operation of the incinera-
tor must be obtained.

At a meeting in July 1981, Richard Brown; ASU RPO, was advised
by a representative from the Air Quality Control Board (AQCB) that stack
emissions would have to be tested for vinyl chloride due to the type of
waste being incinerated.

An application for installation and operating permits was sub-
mitted to ADHS on 8-6-81. (See Appendix 8).

B. Waste Types

Type 4 waste may consist of up to §5% moisture and 5% incombust-
ible solids, with a heating value of 1000 Btu per pound fired.
The materials currently being incinerated include:

-Animal remains (carcasses, organs and excreta)

-Ory waste; contaminated disposable 1ab equipment (aloves,
syringes, spill paper, etc.) contained in plastic bags or
cardboard drums

-Liquid scintillation fluid (toluene) contained in 22mL plastic
and glass vials (approximately 10 ml/vial)

-Toluene-saturated wood shavings contained in 3.8L plastic jars

With regard to radioactivity, the materials noted above contain
a maximum of .05uCi per gram of H-3 and C-14. These isotopes may be dis-
posed of without regard to their radicactivity (10 CFR 20.306, effective
March 11, 1981).

The requested amendment would allow the incinerator of radioactive
materials with atomic numbers 1-82. The stack effluent will not exceed the
1imit? ipecified in the State of Arizona ARRA Rules and Requlations, R12-
1-407(8B).

C. Incinerator Specifications

CONSUMAT model #C-75P (dual chamber)
Serial #P-4380

175 1b/hr capacity

Type 4 waste
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Stack: 22" 0.0., refractory stack x 2' 9" long
22" 0.0. 90° elbow refractory lined
22" 0.D0. refractory lined tee with 16" barometric damper

Lower chamber:
guage H.R. steel lined with 1" mineral wool insulation
and 3" high strength 2600°F cast refractory
Two WC-5 - 250,000 Btu/hr burners with orifice 5/16.

Upper Chamber:
T2 gauge lined with 1-1/2 mineral wool insulation and

4-1/2" insulation 2800°F cast refractory.
One WC-6 - 700,000 Btu/hr with orifice 7/16.

Controls (semi automatic):
. Burner flame safety - Honeywell #C7008A1018 flame
rod sensor.
2. Burner timers - 5 hr type, Paragon #536-045-0

3. Gas valves - ASCO type 8040B4 1", 8262C2 1/8"
8040B3 3/4"

4. Transformers - Dongan cat. #A06-SA6 primary voltage
115/120, secondary voltage 6000, 60
cycle (one required per burner).

5. Temp. controllers - Honeywell Minipak controller

(one per chamber) R7380
- 0-2000°F for type "K" thermocouple

Forced air supply: -Dayton blower #2€820
(upper and lower -500 CFM at 1" W.C. motor 1/2 HP
chamber) -3450 RPM, NEMA 48 frame

See Appendix C for diagram and general description.

0. Operation

When our amendment is obtained, the incinerator will be in
operation once a week to accomodate the amount of waste collected. The amount
of waste burned each week will be approximately 1.5 drums, (55 gal.; 7.5cu. ft.
each). A burn consists of a 30 minute warm-up period, three charges at 30 min-
ute intervals, and a five hour burn down time. Each charge consists of approx-
imately 1/2 drum, (3.75 cu. ft.). This is done manually by two persons. The
feed rate has been determined by trigl and error.

ASU requested funds for an automatic hydraulic ram loader for the
incinerator, but has not received the money yet.
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II. VINYL CHLORIDE TEST

A. Apparatus
Pitot tube: type S; Cp = .84 Kp = 84.49 (from 40 CFR 60 APP A5.1)

.9 cm 0.D. metal tubing with quartz lining
Pa and Pb = 1.1 cm.

Inclined manometer: .01 H,0 (1.3 mm HZO) division horizontal scale

11 to 10" HZO vertical scale

Sample lines: 6.5mm 0.D. Teflon tubing ¥
Tedlar bag: 48.5L (16"x16") cavacity; 4mL thick

Rigid box with 1id: 2 quick connect valves
16" square box (67L) covered with black plastic

Pump: leak free, 2L min. capacity

Charcoal filter tube

Flow meter: .1 to 12L scale
Gas chromatograph: (see G.C. Analysis section of this report)
B. Data

The sample was drawn by Carla Greenup (student research aid) and Ron
Daggett (ASU Health Physics Technician). Mr. Dennis Siivola was the AQCB com-
pliance section representative.

Test date: 1-18-83 Tuesday
Barometric pressure at site: 29.92 inHg
Weather: =10% cloud cover, 60°F
Began sampling: 4:23 p.m.
flow rate .5L per minute
waste loaded: 400 LS vials, 1 jar
saturated wood chips
LC temp.: 1500°F
UC temp.: 1800°F
2nd Load 4:28 p.m.
contents: 2 bags drv waste
flow rate: 1L per minute
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3rd Load 4:36 p.m.
contents: 3 bags dry waste, 200 LS vials
flow rate: 1.7L per minute

4th Load 4:44 p.m.
contents: 4 bags dry waste, 100 vials
flow rate: 1.7L per minute

5th Load 5:00 p.m.
contents: 3 bags dry waste, 200 vials
flow rate: 1.7L per minute

Ended Sampling: 5:16 p.m.
Total time: 53 minutes

Manometer readings:

upper port .05" HZO
ap = < .01" HZO
lower port .05" HZO

C.___Gas Chromatograph Analysis (Robert Crouch, ASU Chemistry Dept.)

1. Apparatus: A microprocessor controlled integrating Hewlett-
Packard Model 55351 gas chromatograph with flame ionization detector (F110)
was used to analyze the samples. The chromatographic column was Poropols Q
(equivalent to Chromosorb 102). Sample introduction to the GC was accom-
plished with a gas tight 2.5 ml syringe.

2. Reagents: A 101 ppm (+2%) vinyl chloride standard in nitrogen
was purchased from Scott Specialty Gases, San Bernadino, CA. A 10 ppm stand-
ard (+ 3 ppm) was prepared immediately prior to injection by tenfold dilution
of the standard with air using the calibrated injection syringe. Typically,
0.25 ml vinyl chloride standard was diluted to 2.5 ml and injected immediately.

3. Procedure: The chromatographic conditions were as follows.
Initial temperature 100°C, time at initial temperature 0.5 minute, rate 30°C
per minute, final temperature 140°C, time at final temperature 3.00 minutes.
The temperature program used was found to give improved peak resolution over
isothermal operation.

In order to analyze a given stack sampie for vinyl chloride,
first the 100 ppm and 10 ppm standards were chromatographed. This established
the retention time and F110 response. Using the program above, vinyl chloride
had a retention timg of 2.67 + 0.09 minutes (average of 10 runs) and a response
of 6.33 + 1,92 x 10° area counts per ml (average of 8 runs) of vinyl chloride
at laboratory temperature and pressure. The limit of detection was estimated
to be 0.08 ppm assuming 1inear detector response.
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4. Results: Analysis of stack samples by the method described
- showed no peak that matched the retention time of vinyl chloride. This
shows that vinyl chloride, if present, is at a concentration of less than
0.08 ppm.

As further confirmation of this conclusion, 2.0 ml of stack
gas was spiked with 0.5 ml of 100 ppm standard vinyl chloride. This yielded
an analysis peak for vinyl chloride that amounted to 10.57 ppm and was com-
pletely isolated from all other peaks in the sample. This shows that, with-
in the limits of error for this procedure, no vinyl chloride is present in
the stack gas samples analyzed.

5. Print-out: Page 7 & 8 contain computer print-out.

[V. QTHER TESTS
A. Particulates

The incinerator has been rated at a particulate output of .03 grains
per dry standard cubic foot by the manufacturer.

B. Drager Tube Analysis

A gas anmalysis of H,0 vapor, CO C0, and toluene was conducted with
Y the Drdger Gas Detector. (Sea Appendix E for descr1 ption and diagram).

The results of the analysis are listed below:

Gas Range Readin

ﬁ;ﬁ vapor .1-40 mg/liter > 40 mg/liter
CO2 1-20% volume 2.5% volume
co 10-300 ppm < 10 ppm

Tnone detected)

Toluene 5-400 ppm < 5 ppm
Tnone detected)

C. Stack Velocity

Using the formula specified in 40 CFR 60 APP A 5.2, we were able
y to calculate a rough estimate for the stack gas velocity. Because we did
not perform Test Methods 1-6 of 40 CFR 61, the estimate is based on several
assumptions.”*
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Kp (ft./sec.) cp/""—"‘apunnzo; /ﬂ"Tz)/Ms(wnb-mte)Fs(ang)

stack gas velocity (ft/sec)

sg

Kp z pitot tube coefficient in units of (ft./sec.)(1b/1b-mo]e)(ian)/(°R)(inHZO)
Cp = pitot tube constant (dimensionless)
Ap = change between pitot tube port readings

T = average stack gas temperature

=
"

stack gas molecular wt. (wet basis)

O
[}

barometric pressure at test site

The values we used are:

Kp = 84.49 ft/sec (given in CFR for standard S-type pitot tube)

Cp = .84 (given in CFR for standard S-type pitot tube)

ap = .01 inHZO (this value is the smallest detectable change for our manometer;
there was no detectable change in the manometer readings)

T = 2260 °R (temperature of upper chamber)
M = 29.0 1b/1b-mole (this is the given value for dry basis molecular wt. of air)

P = 29.92 inHg (recorded value from ASU weather data)

vsg = (84.49)(.84)/.01/2260/(29)(29.92)

ng 2 11.45 ft/sec
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CS:DRS:2616
ARIZONA DEPARTMENT OF HEALTH SERVICES

Division of Environmental Health Services

UCE BABBITT, Govemor
MES E. SARN. M.D.. M.P.H.. Director ‘lovember 10, 1982

Mr. Dick Brown, Radiation Officer
Radiation Protection Office
College of Engineering

Arizona State University

Tempe, Arizona 85287

RE: Animal Care Facility Incinerator
Effluent Test

Dear Mr. Brown:

Enclosed is a copy of Field Activity Report Number CS:DRS:2606
which pertains to the sampling of the Consumat Systems, Inc.
incinerator at the ASU Animal Care Facility. Mr. Robert Hollis
and 1 wish to express our appreciation for the hospitality and
cooperation of yourself and the test team members, Carla Greenup
and Ron Daggett.

We look forward to working with you on the follow up tests.
Sincerely,

.‘Z\;‘v Lo (7 ‘)Zi.u—o-cc\.

Dennis R, Siivola,
Compliance Section
Bureau of Air Quality Control

DRS:pt

Enclosure

The Deparement of Heaith Services is An Equal Opportunity Affirmative Action Empioyer. All qualified men and
women, inciuding tAe handicapped, are encouraged (0 parucipate.

tate Health Bulldmg 1740 West Adams Street Phoenix, Arizona 85007



A OEPARTMENT QF MEALTH SERVICES
JON OF ENVIRCNMENTAL HEALTH SERVICES K.15
(EAU OF AIR QUAUTY CONTROL

FIELD ACTIVITY REPORT NUMBER __CS:0RS:2606

.October 21, 1982

Time

Qe

scuncenamg _ARIIONA STATE UMIVERSITY, Animal Care Facility

wocanonossounce_—Frice Road and lst Stroat

county __Mapicopna

rveeossouncelNcinera For oEAMIT NUMBER (1f acoica0i0) applied

REPRESENTATIVE CONTACTED Dick Brown e _ASU Badiation Officer

AEASON FOR INSPECTION -C Jermit = Aoutne (O Mesnng = Compimt 3 Soec:at _teSt smiscions

FINDINGS

Arizona State University operates an incinerator 3t the Animal Care Facility, The

I

_toluene, paper, wood, and animal carcasses. The method of charaina the furnace is by manual
|

handling the feed material which results in a discontinugus feed rate. The Consymat ,
| Systems, Inc. incineratar has: a lower chamher at 18009F, and an afterhurner. at 1400F

! '
-ne_fans and hurners turn aff during iodding.uwhile tae coor is cpen  Uhen the fucnace is
The stack was heina sampled rov winvi ¢iloride emis i n. hy Methed 106, “fietarmirasiin

af (inv] Chiopide Frem Statiapary Sooccee *  Coroig weer o and oo dange:* 3S! ssygenrs
t
! F3 . i

serformed witin a2 oalass liper, The <ar-ling wac

1
i i inute ! | e e ¢ stack,. rhe linar had caggen ‘:cm‘
i

j the heat. The glass liner apparently was not quartz. !

charged the stack

! The foliowing material was loaded into the incinerator during the test:

L 40 pound dog carcass. i
i800: 1 oz. bottles having vinyl caps containing toluene with radioactive isotopes. i
i3: plastic baas containing wood shavings saturated with toluene containing radicactive |
§ isotopes. ;

NOTICE OFVICLATION ISSUED? = YES 8 NQ If yeu. Nonce of Violation Numoer

SUREAU REPRESENTATIVE Dennis R. SiivolaD‘%' MC/ agpoRT oars _November 5, 1982
COPIES TQ: _X_ Engeneer.ng Services . Camphance e 5RO
e | €CANICRI Services p—— . e VRO

]
o8y AOC 301 1. 71 Prge lof



“ . v FIELD ACTIVITY REPORT (Continued)
’ Aepart Numoer 09 cORS : 2606

K.16
1: 4 gallon <ize cardhoard cartons with paper jtems that were used in cunjunction with |

the isotupe tracer work,

A few detectur tube grab samples were taken during the test at the top of the stack ‘
on the upwind side. The detectur tubes extended ahuut five inches inty the stack.

The sealed plexiglass box containing the inteqrated baq qas sample was t-ansported to |
the ASU Chemistry Oepartment Laboratory for analysis by Or. Mike Parsons, |

The Hewlett Packard gas chromatograph was out of service due to repairs on the analyzer's

printed circuit boards. The test will need to be repeated at such ti h . i }

has been replaced and the gas chromatograph is able to process the intearated baa_sample l_

within the time limitations established by Method Mo. 106, i.e. within 24 tpo 72 hours. There

are plans sometime in the future when funds are available to move the incinerator 20 feet and

install a hydraulic ram feed. This will eliminate the hazard of manual loading and allow

continuous feed. A sampling platform will be added after the move to facilitate testing.
RECOMMENDAT IONS L ‘

—

The system should be tested for vinyl chloride emissions when the hydraulic ram feed

svstem is operable. Also the requirement of maintaining a daily log describing the type and

amount of material loaded should be made a permit condition. Quarterly reporting of the log’g

entries should be required as a permit condition too.

$, AQC.002 13- . ' Page 2ot 3
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TN CS:DRS:2716

#~""  ARIZONA DEPARTMENT OF HEALTH SERVICES

‘\i ':/ K Division of Environmental Health Services
T v January 12, 1983

Mr. Dick Brown, Radiation Officer
Radiation Protection Office
College of Engineering

Arizona State University

Tempe, Arizona 85287

RE: Animal Care Facility Incinerator Effluent Test
Dear Mr. Brown:

Enclosed is a copy of Field Activity Report Number CS:DRS:2668, which

covers the observations made of the Method 106 test on December 3, 1982.
Please note the Recommendation. It should be understood that vinyl chloride
is a highly reactive substance. Using a sample bag constructed of potentially
reactive material such as the black rubber bladder used in the previous test
could cause the test results to be lower than actual. Test Method 106 re-
quires utilization of a tedlar sample bag. The procedures detailed in

Method 106, "Determination of Vinyl Chloride from Stationery Sources," must

be followed.

To give you an .understanding of how the permit application is processed, the
following is a general description of the sequence in issuing an operating
permit. When the test report is submitted to the Bureau of Air Quality
Control Compliance Section, it will be checked for errors and compliance with
the emission standard of 10 ppm. The Review of the Compliance Test Report
will be forwarded to the Bureau Engineering Services Section (ESS) and the
source. The permit application is technically evaluated with the use of the
Technical Review and Evaluation of Application for Operating Permit form. A
final permit draft is sent to the Compliance Section Manager for evaluation.
The draft is returned to ESS for typing and signatures. The fee letter is
sent out and upon receipt of the fee the operating permit is issued.

We Took forward to the completion of testing and hope things go well.

Stpcere1y,

. 5 y
—_ ‘D,u)..t-. /( \/ s (.

Dennis R. Siivola
Compliiance Section
Bureau of Air Quality Control

DRS:pt
Enclosure -

The Department of Heaith Services iz An Equal Opportunity Affirmatue Action Emplover. All qualified men and
—- women, including the handicapped, are encnurased to participate.

State Health Building . __ 1740 West Adams Street Phoenix, Arizona 85007



ZONA DEPARTMENT OF HEALTH SERVICES
DIVISION OF ENVIRGNMENTAL HEALTH SERVICES K.18
SUREAU OF AIR QUALITY CONTROL

FIELD ACTIVITY REPORT NUMBER _C3:0RS:2668

Date l2/3/82 Time
ARIZOMA STATE UNIVERSITY, Animal Care Facility

SOURCE NAME

Locanoncrsounce__Price Road and 1st Street, Tempe

COUNTY ~Hariggga
rvee oFsouRce . [ncinerator PERMIT NUMBER (it sopiicacier 3001 1ed for
REPRESENTATIVE CONTACTED liCK_Brown ms Radiation Protection Officer

AEASON FOR INSPECTION - Permt = Rouane O numg 3 Comoism X Soecst lost amissions..
OBSERVATIONS

This source was tested on October 2], 1982, The sample from the first tact was not

' analyzed within the 24 tg 74 hour requirement of Method 106, “Determimation of Vinyl

_Chloride from Stationary mmumww_mmmmmmm_i

___ Today's test was performed during the incineration of 200 one qunce glass hattles |

mmmmwmwww

The upper incineration chamber operated at 22009 F and the lower incineration chamher :

" operated at 13500 F jeei v -r

: raph's data handl ,

PUIpESI [BUpSRS - | P

The repaired probe was in excellent conditjon after the test, There was ng distortiord
of the glass 1i i ) |

NQTICE CFVIOLATIONISSUED? T YES X NO If yes. Nouce of Vioiation Number

RS Y-
SUREAU REPRESENTATIVE M X i / aepoRT oate ___12/14/82
CCPIES 10: _X_ Enquneering Serwces . Complisnc®  —— SAO X source

e T@CNIICRY SerVICES p— —— VRO T " 5

MG AQC 00V 13.7TN
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FIELD ACTIVITY REPORT (Continued)

Report Numbaer CS:DRS: 2668

replaced with a black bag. [t could not be established that the black bag is constructed

of tedlar material. Another test will be performed when a tedlar bag can be obtained

and used for the test. A copy of the gas chromatograph's data handler printout is

—b

attached,

RECOMMENDAT IONS

This system's emissions should be retested when the proper sample bags can be used. |

Page — 2 __of 5
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ARIZONA STATE ‘ :
UNIVERSITY : TEMPL. ARIZONA As287

OLPARTMCNT OF PLANNING AND CONSTAUCTION

August 14, 1981

Arizona Department of Health Services
Division of Environmental Health Services
Bureau of Air Quality Control

1740 West Adams Street

Phoenix, Arizona 85007

Subject: Application for Installation and Operation
of Incinerator

Gentlemen:

Enclosed you will find the application and infor-
mation as requested by both the Bureau of Air Quality
Control and Bureau of Wast.y ‘ontrol. Complete infor-
mation is being provided to both offices in order to
avoid confusion, as the units will be used to dispose
of both pathological waste and low level radio active
waste material.

Two different individuals are responsihle for
,the two different operations. Questions about the
pathological waste operation should be directed to
Dr. George Bjotvedt (965-4380). Questions about the
low level radio active waste material should be
directed to Richard Brown (965-6140).

Sincerely yours,

Paul E. McClellan, P.E.
Director, Planning §
Construction

By: Al Mages &

Project Manager

*

PEM:AM:jk

"Enclosures
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FROM: Dr. George Bjotvedt, Animal Care Program

K.24

GUIDELINES FOR PATHOLOGICAL WASTE INCINERATORS

Design Criteria

A. Need for Facility

1.

2.

3-

Waste sources will be from the various experimental
animal resources at ASU.

Waste quantities will amount to a hundred (45 kilo)
pounds per wveek for a ten month period.

Waste type vill be a hundred percent pathological.

D. Facility Design

1.

[ncoming Wastes Storage Area
a. See Section II, paragraph 1. a - d.
b. Under veterinary supervision.

¢. Under veterinary supervision.

Operations Criteria

1. Incoming Wastes Storage Areas

Animal remains will be contained {n a vater renellant
paper bag container held in deep freezer situated on
the second floor Life Science btuilding ASU Camous and
necropsy room in building at Price and University.

Animal remains vill be held for one veek prior to disposal.

Animal remains to be transported {n a panel truck which
may be sanitized.

Animal containers are disposable.

2. Incinerator

On -the job~training vith one person assigned as
operator.

loading to be under veterinary supervision.

A padlocks have been placed on imput and ash door to
to prevent introduction of waste vhen unit it is
inoperative. pldi. ,idlech o So=dal prl

Operation manual folloved for incinerator procedures.
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Guidelines Cont{inued Page ?

3.

Ash and Residuals Storage Area

See Incoming Wastes Storage Areas. Also, ash amount should
approximate two percent of waste material.

Vector Control Plan
Not a protlem under veterinary supervision.
Access Control and Security Plan

a. Unit has locked panel cover over control and firing
instructions.

b. University personnel reside on property as well as
chain-link fence encloses property.

Site maintenance i{s a responsibility of the Laboratory
Animal Care Program.

Contingency plan for vaste disposal in event of a incinerator
shut-down would revolve around transporting remains to the
Phoenix disposal site.

A fire extinguisher will te located nearby as well as fire
control plan would come under university rules and regula-
tions.

Radiation Safety Officer will maintain incinerator records
in Administrative Office of the Central Laboratory Animal
Facilicty.
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12.

13.

14.

. NAME {OR NAMES) OF OWNER. PRINCIPALS. OR STATUTORY AGENTS DOING BUSINESS AS THE ABOVE ORGANIZATION

_ MAILING ACDRESS . TEe, Arizona 85257

ARIZONA DEPARTMENT OF HEALTH SERVICES K.26
DIVISION OF ENVIRONMENTAL HEALTH SERVICES ® BUREAU OF AIR QUALITY CONTROL
1740 West Adams Street B Phoonin, AZ 85007 B Phone: (602)255-1144

APPLICATION FOR INSTALLATION PERMIT

[As sequired by Title 36. Chaptar 3. Articie 1. Section 36 1707 01 C.. Arisong Revised Statutes
und Section R9-3-301 . Chapter 3. Article 3. Arizana Adimunstrative Rules and Regulationst

PERMIT TO BE ISSUED TO iBusiness License Name of Orgarization that 1s 1o Rer cive Permmat) .rﬂmramrz Mnimal Care Facj-lity
Arizona State University

Jack G. Penick, Vice President for Business Affairs

Cm. s m—

EQUIPMENT LOCATION Labora Animal Care Facili ASU Annex, lst Street & Price R:l., Tamme

. TYPE OF ORGANIZATION - (0 Corporsuon (J Paninerstug O Individual Owner X Governmaent Agency

. PERMIT APPLICATION REASON -
£X Begin Insailauon of New Equipment O Transter Eusting Equipmem
C Medify Existing Equipment O Change of Location of Ownership

. PERMHT TYPE - (J Class A (Maor Source) (] Class 8 (Poilution Control Equioment) KX Class € (Minor Source)
. CLASSIFY AREA IN WHICH EQUIPMENT (S LOCATED:

Paruculate - O Unctassifisbie 5k Non-stainment (J Attsinment. Class

Sultuwr Dioxde - O Uncisssifiable O Non-snsnment ¥F Anminmem Class LI . _
Carbon Mononde - (O Unclassifisble X Non-sttsinment (J Ansinment

Ondants - O Unciassifable TX Non-attainment [J Ananment

GENERALNATURE OF BusiNess __Pathological Crematorium

EQUIPMENT DESCRIPTION Consumat Waste Disposal System Model C75P g&lt\! 1758 /Hr
Serial No. 4380 Type 4 Waste

IF THIS EQUIPMENT HAD A PREVIOUS WRITTEN PERMIT, STATE NAME OF CORPORATION, COMPANY OR INDIVIDUAL OWNER THAT
OPERATED THIS EQUIPMENT AND STATE PREVIOUS BUREAU OF AIR QUALITY CONTROL PERMIT NUMBER.

NAME None PERMIT NUMBER

IF THE ORGANIZATION IS ACQUIRING AIR POLLUTION CONTROL DEVICEIS) AND WISHES TO APPLY FOR CERTIFICATION OF THE DEVICE(S)
IN ACCORDANCE WITH SECTION 43-123.02.C.. ARIZONA REVISED STATUTES CHECK HERE [

SIGNATURE OF RESPONSIBLE MEMBER OF ORGANRZATION , et D P M v 731 S
OFFICIAL TITLE OF SIGNER Acting Director, laboratory Aﬂimal Care Program

TYPED OR PRINTED NAME OF SIGNER GEORGE BJOIVEDT, YMD :
OATE August 6, 1981 TELEPHONE NumBeR __ 65-4385

ADNS/ EME/ Aw Quansys 100 ifRev 17-80)
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/ ARIZONA DEPARTMENT OF HEALTH SERVICES
Bureau of Air Quahty Control - Division of Environmental Health Services
1740 West Adams Street - Phoonix, AZ 85007 Phone: (602)255-1144

APPLICATION FOR OPERATING PERMIT

{As required by Titte 36, Chapter 14 Aructe 1. Section 36-1707 01. C.. Anizuna Revised Statutas)

ermit (o be 1ssued td(Business License Name of Organization that i1s 1o Recere Permn) mmratoq Animal Care Fadlity_
ARIZONA STATE UNIVERSITY

2. Namae (or names) of Owner, Principats, or statulory agents domng business as the above organzastion
Jack G. Penick, Vice President for Business Affairs

3 Maiing Address Tempe, Arizona 85257

4 Equipment Locanon _ LA0OTAtOTY Animal Care Facility, A.S.U. Annex, lst St. & Price Rd., Tempe

§. Type of Orgamzmton - O comporation O Partrership O ndividuat Owner X Gavernment Agency

6. Permut Application Reason - &2 8egin Operation of New Equipmant O continue Operation of Existing Equipment
T Transter (change of iocation or ownershig)

7. Ganerai Neture of Business

Pathological Crematorium

8. Equipment Description

Consumat Waste Disposal System Mcdel C7SP Capacity 17S#/Hr
Serial No. 4380 Type 4 Waste

9. If this equipment had 8 PrEVIOUS Written permit, state name of corporation, company or individual owner that operated this equi and siate
previous Buresu of Air Quality Control Permit Number. foment

Neme N/A Permit Number

10. i the orgsnization is acquiring air pollution control device(s) and wishes to apply for cartification of the device(s) in accordance with Section
- 43-123.02, C., Arizuns Revised Statutes, check here L.
R, a/lL S P a_i

11, Signsture of Responsible Member of Organization o et -
Official Titie of Signer Acting Director, laboratory Animal Care Program
12. Typed or Printed Name of Signer GEORGE BJOIVEDT, VMD

Date 8-6-81 Teisphone number __965-4385

A Ry St L R
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ARIZONA DEPARTMENT OF HEALTH SERVICES

Division of Environmental Health Services

REF: TS 0310
ALCE. BABBITT. Guvermer
JAMES E. SARN. M.O . M P.H . Duesae November 10, (981
Paul E. ¥McClellan, P.ZE.
Director
Departzent of Planning and Construction
Arizona State University
Tempe, srizona 85281
Dear Mr. McClellan:
CUpon review of the application for the insta:lac: .n and operation of an

incineractor at Arizona State University, this bureau has the following
questions and comments:

a. What is the comstruction schedule for the proposed incinerator,
and when is initial operacion planned?

b. The pathological waste incineration plan indicates that "on cthe
job training" of the operscor will be ucilized. Will en individual
trained in incineracion techniques provide this training?

c. Will the temperature monitor/control be utilized to automatically
7 3 stop the waste feed (or indicace that it should be scopped) if che
proposed incinerator is overloaded?

d. How will the feed rate be controlled?

e. :Upon completion of incineration, the waste must be visually checked
to insure complete combustion.

f. The "scintillacion cocktail" portion of the low level radicactive
waste contains toluene, a listed hazardous waste which is ignitable
with a flashpoint of 40 F. The incinerator's operating manual says,
"Do aot actemp: to destroy explosives or highly volatile or hazardous
macerials". Therefore, the incineration of tolucne would appear to
contradict che manufacturer's operating specificacions. In additionm,
the operator's manual does not address cthe incineration of low level
radioactive waste,

g. DJue to the fact that the proposed aSU animal care center-incinerator
complex will be located in an area zoned for one fawmily resideaces,
and will be adjacent to a trailer park, this bureau recommends that
the City of Tempe zoning board be contacited and informed of the nature
of the waste proposed to be incineraced.

'®

The Department of Hralth Services is An Equal Opportunuty Affirmative Action Employer. All qualified men and
women, inciuding the handicapped, are encouraged 0 perticipate.

State Health Building 1740 West Adams Street Phoenix, Arizona 85007
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Pau E. McClellan
Page 2

11/10 /81 K.29

h. The Bureau's hazardous wasce regulations exempt .. any radio-
active waste material whose storage, trausportation, treatment,
and disposal is regulated by the Arizona Atomic Energy Commission..."
(In July 1980, the AAEC was renamed the arizona Radiation Regulatory
Agency). Please have the ARRA forward a lecter to the Bureau of
Waste Control stating which of the abuve concerns have been specifically
examined and found acceptable from the aspect of health and the en-
vironzent.

i. If any ash is buried on site, an approval by this bureau to operate a
landfill will be needed.

If you have any questions, please feel free to contact this bureau. The lead
contact person for this type of operatiom is Bill Hudson at 255-1166. Your
cooperation in this matter is appreciated.

Sincerely,

Qlon &L Lridn

Alan L. Roesler, R.G., Manager
Technical Support Section
Bureau of Waste Control

ALR:me

ce: Sceve Parker, Bureau of Air Quality Control
Daryl Warren, Arizona Radiation Regulatory Commission
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ARIZONA STATE
UNIVERSITY_.

3 UNIVERSITY KADIATION SAFETY GFFIC T :
~ 0 COLLEGE UF FNGINEERING (0-1G2) (AC21 908 =140 BRI

— - (1808 RIZONA #2851

Noverthe i 1/, 1651

Bill Hudson

Technical Support Section
Bureau of Waste Control

AZ Dept. of Health Services
1740 W. Adams

Phoenix, AZ 85007

Dear Mr. Hudson:

This letter is in reply to the questiom raised by your office regarding the .
installation and operation of an incinerator at Arizona State Universities Lab-
oratory Animal Care Facility. These replies follow the outline of your letter
dated November 10.

2) Incinerator has already been installed. We are presently testing its
operation with approval of the Bureau of Air Quality Control.

b) Regarding training of operator personnel, after installation of the

ﬂ!’ incinerator a representative from Consumat held a day-long incinerator dry-
out and discussed operation procedures for the incinerator with the Director
of the Lab Animal Care Facility and the Radiation Safety Officer, additionally
two representatives from the Radiation Safety Office attended a workshop at
North. Carolina State University on the incineration of low level radioactive
waste. Included in this workshop were several sessions on general incinerator
operation. We used the term “on the job training” to indicate that modifications
in our operating procedures will be necessary based on the incinerator and the
type of waste being disposed of.

¢) The temperature monitor/control is a standard feature of the incinerator.
[t's function is to maintain temperature of upper and lower chambers at set
points. The only indication of overloading which can be inferred from it would
be if the temperature control consistently is at the level of the temperature
set point which would indicate a high level of high BTU content waste, not
necessarily a system overload.

d) Since the incinerator is hand-fed the only reasonable method for
ensuring proper feed rate is to develop an operational feed rate by trial and
error methods.
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Mr. Hudson
Page 2

e) Toluene has been incinerated by several universities and research
institutes using systems similar or identical to our own with no adverse effects
on the incinerator or its operation. Toluene can, in fact, serve as an aid .in
incineration due to its high BTU content when loaded along with low BTU content
waste such as pathological waste or other waste with a high moisture content.

N0 separate provisions need be made for low level radiocactive waste. Such waste
as generated at Arizona State University may be classified as Type 4 waste.

f) Although Arizona State University is a state agency and as such is not
subject to municipal zoning ordinances we are willing to seek out the advice of
the City of Tempe in our operation., Regarding the trailer park adjacent to the
site, representatives of the Radiation Safety Office spoke to a meeting of park
residents and found them to be supportive of the project as long as they were
kept informed of the progress after incineration had begun.

g) Applications have been submitted to the Arizona Radiation Regulatory
Agency regarding a license amendment which would permit this form of disposal.
Upon apgproval of this amendment copies of such approval will be forwarded to
your office.

h) Any information regarding an application for on-site or other burial
by Arizona State University would be appreciated.

If there are any further gquestions regarding this operation please contact
this office.

Thank you for your consideration.

, Sincerely,

Herbert J. Miller Jr.
Director Physical Plant

HM/jl1s
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1.0 GENERAL DESCRIPTIOU

The CONSUMATQ’incinerato: is a compact, factory assembkled
incinerator that employs IIA (Incineraor Iastitute cf
America) recommended velocity profilas in a novel arrange-
ment, that meets c¢r exceeds all EPA (Environmental Protection

Agency) standards for particulate matter and noxious gas

emissiocns, when maintained and operatec in a responsible

manner.

The grateless lower chamber, or distillation chamber, vol-
atilizes, or partially oxidizes the wasta. In the upper
chamber, the gasas that ars generated in the lower chamber
are fully combusted. As a result,vthe CONSUMAT® incinerator
can consume from Type 0 to Type € wastes, whan properly set
up for each, without emitting smoke, odor or f£fly ash. This

is accomplished without the use of water scrubbers or electro-

static precipitators.
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———a1-0500 FEDERAL REGULATIONS
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41 Sumpling (see Figure 1OR=1]. The
sampling trun consisis of the fallowny
cumpcaents:

4.1.1 Probe. Suniess steel. Pyrex glags. e
Teflun wubing (a8 stack (emparature premus)

“hat there s sdequate resnin’1:n < the ~iavi
eninrate peuk (Adeguela resniviior
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‘tietermimnation of Adequate
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4351 Culuma A. Stusniess sieer 20 m by
1.2 mm. contuining 80/ 100-mesh { heomasurd
102.

1222 Caluma 8. Stmintets stcet. 20 m by
1.2 mm. containing 20 percent GE SF.u8 on
W a0-mesh Cheomanaeh @ AW: ur siawniess
steel. 1 0 m by 1.2 mm contaiming A0/100-
mesh Purnpuh T. Column B is required as «

v columa if acstaidehyle 1s present.

equipped with a gluss waol plug 10 -
particulste master.

41.2 Sample Linss. Teflon. 8. 4-mm nuiside
dinmeter. of suiluaent lengih te conner:
pruhe to bag, Use s new unused pueee (or
ench renes of hag sumples thut constitutes an
emismion lest. and discard upon compietion of
the test.

41.3 Quck Comnects. Stainiesa stexi.
male |2} unil lamale (2). with ball chechs (one
p-w without). lucaied as shown in Figure 106

i 14 Tadisr Gegs. ¥ te 100-her enoacily.
10 contain sampie. Alusnized Mylar baus
may be used if the samoples ar» sanlyzed
within 24 huurs of colleetinn,

415 Bag Comtaners. Rigd lvak-pronf
contaners for sunple begs. with covering tu
prutect contents {rom sualight.

4.1.8 Newile Vaive. To adjust sampir luw
tales.

417 Pump. Lasi-free. with msvimum nf 2.
liarimma cupecity.

418 Charcosi Tube. To prevent
admiasion of vinvi Lhlonde and other
urgenics (o the simasphere n the vicimity of
campiers

419  Finwmsieer. Fur observing sampuny
Tuw rate Capusie of innasenng a tlow range
[rom 0 10 (3 L0 isterf M.

1110 Cunneerieg Tutang, Teflon o 4mm
oute e ol aeter Ly assemile samping 1000
Fuguer (Mai].

Envronment Aeparter

if usend, column 8 is pleced alter column A.
The commned columas should he uperuied at
1200

433 Flowmeters (21 Rotameter tvae, 18-
mi/min capscily. with flow control vaives.

4.3.¢ Cus Reguistors. For required qus
cvlinders.

43138 Thermumeter. Accurstn to | 7. 1o
measure temperature of heated samge long
at hme of sample injection,

438 Darometar. Accurate 'o 5 mm ife. 10
meagure stmospheric pressure aroundy GG
dunng sample anaivers.

.37 Pumng. laah.leew. wuib mmmum of
1On-mi/aun capnaty.

418 Recurder. Sing chart type op*
equippett with sither disc or rlectranie
ategraine.

419 HMammeter. Optional. in plare of dise
or =ieCtPONIC integraing on recorder. 10
mensure chromatograph peak aress

44 Canbranon. Sertiong 4.4.2 theaugh
44 4 ure fur 1he optnnul procadure ia ection
T

441 Tubing Teflon. & d-mm outside
diameter, ceparnte precas macked (ne v och
cahibestin concenteation

182 Tediue Hags. Sixtaen-inen-square
aze, with valve: wparite bag marsea foe
e i catshitatim contentratiun.

43 Syvrines, 0.5-mi und 20-ui o

{Appendix 8]
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individually cahibrated to dispense gascans
viny! thionde.

1.4.4 Dry Gas Meter. with Tempersture
and Pressure Cauges. Singer model UTM=113
with 802 index. of equivalent. 10 meter
nurogen in preparstion of standerd gus
mixtures. cshibraited ul the flow raie used to
prepure stanitards.

S Reoyents

Use only reagents thut are of
chromaiogragh grade.

S.1 Aaslyss The following ere required
for anelyss.

S 1.1 telium or Nutrngen. Zero grade. lor
chromaographic carner ges.

5.1.2 liydmgen. Zero greds.

5.1.0 Osygen or Air. Zero grade. a8
required Ly the detectar.

$2 Calibratwa. Use one of the lollowing
options: esther .21 and 3.2.2. or 3.2.3.

321 Vinyi Chionds. Pure vinyl chlonde

of error and corred i . Lhen repe it ‘e three.
pomnt calibraiion.
§.23.2 Venfication of Manut.o terr e

Culibration Standards Befire umas o
standard. the manulac urer shait verfy vach
cahbention standard (4} by co:npacey it o
a8 Miktures prepared (with ' e perrent
viryl Chlanide) 1n svcordance wilh the
procedure dessribed 101 See tin 7 1 or thy
calibruting 1t sgusnst viayi chinnide cyhnrder
Standard Reference Materiais 1SRy
prepared by the National Buresu ot
Standards. i wach SRM's are avadable The
[ between the inttally di-terrinsd
concentration velue sasd the vertfitution
concentiralion veiue must be within =5
percent. The manufaciurer must revenly ail
calibration standards on a hme tntervai
consistent wath the sheif life ol the cylinder
standerds sold.

$.2.4 Awdit Cylinder Sienderds (2] (.as
minture standards with cancentruiions
k only o the person supervising *he

ges certified by the {actuser (0 [}
mnimws of 99.9 percent vinyi chlonde. [or
use in the preparation of siandard gas
mixtures 12 Section 7 1. If the ges
manufacturer masintsins e bulk cylinder
supply of 9.9+ percent vinyl chionde. the
carufication analys:s may have been
perfucrmed on this suppiy rether thaa on each
ges cylinder prepared (rom this bulk supply.
The dete of gas cylindsr preparsnion snd the
certilied anaivsis must have been aifizad to
the cylindsr before shipment (rom the gas
manulscturer 10 che buyer.

822 Nitrogen. Zero grade. [or preperstion
of standard gas mixtures se descnbed in
Section 7.1.

$.2.3 Cylinder Standards {3). Gas matere
siendards {50-. 10-. and S-ppm wvinyi chlonde
n mitrogen cyhinders). The tester may use
cylinder standards 10 directly prepure 8
chromatograph calibracion curve es
descnbed 10 Section 7.2.2 i the following
conditions are met: {a) The manufacturer
certilies the gas compuastivn with an
«cCuracy of =3 pereent or betler (3ee Section
5.23.1). (b} The manuiacturer recommenss a
maximum sheif ite aver winch the gaa
concentration does 10t change by srester
than =$ percent ([rom the certified vaius. (¢}
The manufaciurer aiflixes the date uf gas
cylinder preparanion. ceriified vinyi chlonde
concantrutinn, sngd recommended maxumum
sheil life tu the cylinuer before shipmem to
the buyer.

$.231 Cylinder Stundsrds Certilication.
The menufacturer shail certily the
concantration of vinyl chionde n nitrogen in
each cylinder by (8} dirsctly snsiyzing esch
cylinder und (b} cabbeating his analytical
prucedure on the dav of eylinder analysis. To
culibente his anuiytical procedure. the
manufacturer snaill use. as a minimum. 8
thres-potnt calibration curve. it 19
recommended tast the [acturer mmntain
{1} & high-concentration calibration standard
(between 50 und 100 ppm| to prepare his
calibration curve by an appropnaie dilution
techmique wad (2} & iow-concentratiun
calibration standard (between $ and 10 ppm)
10 vanfy the dilution tecchmque used. ([ the
di{Terence between the apparent
concentration read {rom the calibration curve
and the trug concentration sssigned (o the
low-concentratiun calibration stendard
excewds 3 percent of the true concuentration,

saalywus of sampies. The sudit cylinder
standards shall be 1deniicaily preparrd as
thase 1n Section 5.2.3 {(vinyl chioride
mtrogen cylinders). The concentranons of the
audit cylinder shouid be: nne inw-
concantraiion cylinder 1n the range nf $ to 20
ppm vinyl chiondde snd one high-
concentration cylinder in the renge nf 20 to 50
ppm. When avaiiable. the tester may obtain
sudit cylinders by contacting Enviconmental
Protection Agency, Eavironmentai Momitoring
Sysiems Labarstory. Quality Assucance
Division (MD-77), Reseasch Triangie Parie,
North Caroling 27711, Audit cylinders
obtained {rom s commerciai gos
manuiacturer may be used provided: (s the
gos manufacturer certifies the sudit cylinder
a8 described in Section 8.2.3.1, and (b) the ges
manufacturer obtains an independent
anaiysts of the sudit cylinders to venly this
anaiyms. Independent snalysis 19 Jefined
hatre 10 meoa snaivae performed by en
individual different then the individusi who
periorme the ges manulacturer's anaiyws.
while using calibratiun standards and
analyns equipment differens {rom thuse ised
fow the sas manufsciurer's anaiyne.
Venfication is compiete snd acceptabie when
the independent snalysis concentratinn is
wathin =3 percent of the gas manulastuser's
enacantration.

& Procwdyre

41 Sampling. Assemble the sample train
a8 shown 1n Figure 108=1. A bag ieak check
shouid huve hoen perivrmed previonaly
ercording to Section 7.3.2. jown the quick
connects as ilusirnied. snd determine thes all
connection between the bag and the nrobe
sre tight. Place the end of the prmbe of the
cantrowd of the stack and staet 1he pump with
ihe needle vaive adjusied 10 yield a (low that
will fil} over 50 percent of bay valume 1n the
specific sampie penod. Aller aliowing
sullicient ime 10 purge the line several imes.
change the vacuum line (rom the rontaner to
the bag and evecuate the bag until the
rotameter indicates no low. Than reposition
the sample and vacuum iines and begin the
sctval sampling. heeping the rate
proportional 10 (he stack veioaity. At ail
times. dicect the gas exsting the rntameter

the sampie periad shnt nff the pump,
disconnect the sumgple iine from the bag, and
discoaneet the ~aryum hine from the bag
antminer Protest the baeg 2ontaINer (rom
wuniight.

h! Sumple - oruge. Keep the sample bugs
Aut of drect suniight When o ail passible.
onalyag is 10 b perfurmed witin 24 Rowry.
hut 0 na case 18 @ rees of 72 hours of sampie
entlection. Aluminized My.ar hag semples
must be snalyzed within 24 hours.

8.3 Sampie Recovery. With s naw piecs of
Teflon tulung identilied (or that bag, connect
a bag tniet vaive 10 the g4as chromatograph
semple veive. Swiich the vaive 10 recmve gas
{roem the bag through the sumple loop.
Arranie the equipment so the sample gas
passes lrom the sample vaive to 100-mifmn
ratamater with (lnw control valve failowd by
a charcoal tube and a 1.ia. H.O pressure
guuye. The tester may maintain the sampie
flow either by a vacuum pump or coataner
pressunzation if the cullection bag remains 12
the ngid container. After sample loop purping
is ceased. ailow the pressure gauge to retumn
'u zere belore sctivating the gus sampling
vuive.

84 Analyms. Sct the column (smperature
18 100" C snd Ihe deiecior temperature to 150°
C. When optimum hydrogen and oxygen {low
rates have been determined. venfy and
memntain thess {low rates dusing ail
chromatography operations. Lsing zero
helium or nitrogen as the carmer gas.
establish a (low rate 1n the range consistent
with the manulecturer’'s requirements for
satisfactory detecior operstiva. A flow rate of
spprozimately 40 mi/mun shouid producs
sdequate separstions. Observe the base lins
peniodicaily and determine that the acise
level haa stabulized and that base line dnit
hus ceused. Purge the sampis loog [or 30
seconds st the rate of 100 mi/mun. shet off
flow, «ilow the sumpie loup pressure to reach
atmospheric pressurs as izdicated by the HO
manometer. then activate the samp!s vaive.
Record the injection hme fiha posihon of the
pen on the chart af Ine nme of sample

) sampie . sample luop
temperature. column (emperulure. “ornse gas
fluw rate. chart speed. und sitenuaior sething
Rerurd the bammetenc pressurs. From the
chart. note the pesk having the retention ime
cnrresponding to vinyl chionde as
determined n Sectiun 7.2.1. Measure the
vinyl chlonide peen aree. A, by use of a disc
integratar, electromce integrator. or &
slsmimeter. Meesure and revord the pesk
heights, He, Rernrd Aq «nd retention ime.
Repwsi the injection at lesst twa limes of
unti two consecutive vaiues (ur the total ares
of the vinyi chinnde pesk do not vary more
than § percent. Use the aversge vaiue for
thes® iwa total sreas to compuie the hag
cAncentration.

Compare the rsno of 1 {q :0 A, [or the vinyl
chloniie sempie with the same rsuo for the
standard pesk (hat is closest in heght. [{
these ratios differ by more then 10 percent.
the vinyl chionde pesk may not be pure
(possibly acetaidehyde is prrsent| and the
secondary column shauid be empinyed (see
Section 4.1.2.21.

4.5  Uetermunation of Bag \Vuier Vapor

the manufsciurer shaull determine the source  sway from sampiing personnci. Al the end of M e the uml lemperature
-5-42 Putushed Dy THE BUREAU OF NATIONAL AFFAIRS INC . Nastngton, 0.C. 20037 [Apoenuix &1 19
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and baromeinc presswsre near the beg. From o
walar salursiion vepor pressuse (able.
datermune and record the weler vepor
content of the beg as » decsmel figure.
{Assume the relative humedity te be 'O
parcont unioes & lessrr vaive 1o baowa. |

7 Preparation of Standard Gag AMixtures.
Calibration, and Quality Assuronce

*1 Preparation of Vinyl Chionds
Stendard Ges Mixiuses. (Optionsl
Procsdure—delets i cylinder standards are
used.} Evecuste a 18-inch square Tedlar beg
that hao passed a lesk check (described in
Section 7.3.2! snd @eter 1n 3.0 liters of
mitrogen. While the bag 18 lilling, use the 0.5~
mi synnge to nject 230 ul of 98.8 + percant
vinyl chionde ges through the well of the beg.
Upon withdrawiag the synnge. immedistely
cover the resuliing hole with a piece of
sdhanve tape. The bag now contains 8 vyl
chlonde concantration of 50 ppe. [n a like
manner uss the 30 ul syvinge (0 prepere gas
mixtures having 10- and S-ppm vinyl chlonde
canceatrations. Place ¢ach bag on a smasth
surface snd slternately depress oppoaite
udes of the bag 50 imes to fusther mis the
gsses. Theee gas musture stendards may be
used {or 10 days {rom the daie of preparsiion.
alter which ime new gas muxtures muet be
prepured. {Caution: Cuntemination may be »
probiers when s bag ie reused il the new gas
mixture stendard is 8 lower concentrstion
than the previous gas mixture standard.}

7.2 Calibrauoca

7.23 Determination of Viayl Chionde
Ratention Time. (This ssction can be
perfurmed simuilancously weih Section 7.2.2.}
Estubiish chromatograph conditions identical
wiiin thasa 1 Section 6.4 above. Deternune
proper sttenuator position. Flush the
sampling lvop with zere helium or astrogen
and sctivacs the sample vaive. Record the
intection ume. sample icop temperaiure.
column (emperature, camer gas flaw rai
chart speed. and sitenusior setting. Record
penks snd detecior responses that ocour in
the absence of viayl chionde. Mawmtain
condstions with the equpment plumbing
arranged idenucsily 1o Section 43. snd flush
the sampie looo {or 30 seconds at the rate of
100 mi/mmn with one of the vuayi chioride
calibretion muxtusws. Thes activate the

sampia veive. Record the injection time.
Seiect the peak that corresponda 10 visyt
chivnds. Messure the distance on the chart
from the injection Lma 10 the time 8t which
the peak maximum occurs. This quaanty
divided by the chart speed is defined as the
retention time. Since other arganics may be
present 1a the sample. positive identificanion
of the vinyi chionde pesk must be made.
7.22 Prepsranon of Chromatowrsph
Calibration Curve. Make s GC messurement

Ao = Ay Ay

of each gas mixture standard (drsralbed! in
Sectinn $ 23 ur 7 1) using conditine wlentieal
with those listed in Sections 4.3 and 6 4 Flush
the sampiing ioop fur J0 secands at the cate
uf 100 mi/mn with one of the stand.aig
imsiures. umil activeie 1he semple valve

R J the a0 af vinvl « hioenfe
wnected (G, sitenuator sething, rivare aper
ocub ares. sumpie loog tcmpernturs. - niumn
lempersture. ramier gue flow rate .nd
retention (ime. Recond tbe barnmetr.
pressure. Calculute A,, ihe prak sren
muitiplied by the attengator setting. Repent
until twe conseculive injection areas are
within § percant. them plot the average ol
thoae twe vaives versus C,. When the uther
standard gas mixtures heve been nimilarly
asnalyzed and plotted. draw a sirmight ine
through the ponts denved by the isnst
squares method. Perform calibration dasly. or
before and after the sasiysis of each
emuneion test sat of bag samples. whichever
is more (requent. For each group of sampie
analyeee. use the sverege of the twn
calibration curves which beackat that gruup
io determune the respective sampie
concentrstions. If the twe calibreton curves
differ by move thas $ perceant {rom thew mean
vaiue. then report the finad resuits by hath
calibration curves.

73 Qualily Assurence.

731 Asslysis Audil. Immediateiy after
the preperatios of the calibration curve und
pnor 10 the sampie anslyses, perform the
ansiyms sudil descnbed ia Appendix C.
Procedure Z “Pracadure for Field Auditing
CC Anaslysie.” .

732 Beg Lewk Checha, Checking of bege
{as lesks is required after beg wee and
sirongly receommaended befere beg uee. After
each use. connect & waler manometer and
pressunze the bag (o S o 10 am HeO (210 4
1. Ol Allow 0 stand for 10 mén. Any
dispiscament ia the waler menometer
indicates & lesh. Alsa. check the npd
containar for leshs ia this manner. (Netez An
slisrmanve lesk chesh methed is lo pressusine
the bag I8 § ta 10 cm HO and allow 1t 1o
uand avemight. A deflated bag indicsies a
loais.) For ench sample bag in its rigsd
containe?, place a rolameter in Lios between
the bag and the pump iniet. Evecusts the bag,
Fauure of the rotameter to register tero flow
;::nhh.mtobmmmdutno

& Colculations.
41 Determine the sempie pesk aren. A,
as followe:

Eq. 106<1

Where:
Aq = Messured peak ares.
Ae= Allenusiun (uctor.

8.2 Vinyl Chlonde Cuncentratians. Fram
the rehibration curves deec rihied ja Section
7 2.2 determine the avarage concentrstion
value of viayl chionde. C,, that correspands
t A,, the sumpie prak sren Cai uinte the
coacrnwntion of vinyi chiorule in the bag. Gy
as follows:

CCP'_ f .

T
Cbm éa.

106-2

Where: A
P, = Reference preseure. the labarsiary
:unn recorded dunng caubration. mm
L]

T, = Sample icop tempersture on the
sbeolute scaie st the ume of analysie, "X

P, = Laboratory preseure at hme of anaiysia,
mm Hg.

T, = Relerence tempersiure. the sampie
loop temperature recorded duning
calibeation, ‘X.

fla = Water vapar content of the hag
semople. es analyzed.
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Figurs 108-1. Integrated-baq sampling train. (Mention of trade names

or ipecific products does nat constitute endorsement by tha Eavirca.
mental Protdction Agency.)
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Fig. 1 ORAGER Gas Detcctor. consisting of the gas detector purng and
ORAGER Tube

The detector tube method is an officially approved analysis method. The
most important of the international regulations and standards on the properties
of detector tubes are listed below:

Regulations for certification of gas detector tubes in the USA.

Council of Europe Resolution on Detector Tubes.

Performance Standard for Detector Tubes, issued by the International
Union of Pure & Applied Chemistry.

Detector Tube Standard, issued by The British Standards Institution.
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L.1
ARIZONA STATE
UNIVERSITY TEMPE, ARIZONA 85281

UNIVERSITY RADIATION SAFETY OFFICE
¢/0 COLLEGE OF ENGINEERING (0-102) (802) 985-8140

July 20, 1982

.. 0
Gy
NOTE Copies sent to: The Honorable Don Strauch

Mayor of Mesa

The Honorable Harry E. Mitchell
Mayor of Tempe

The Honorable Herschel Andrews
Salt River Pima Tribal President

. This letter is to advise you of the intentions of ASU to incinerate "Low-
Level Radioactive Waste" (LLRAW) at the pathological incinerator located on ASU
property near Price Rd. and First Ave. in Tempe.

I have been given the responsibility of coordinating this project. The pro-
ceeding papagraphs contain a brief explanation and some background information
concerning this project. [ welcome any comments and questions you may have and
would enjoy meeting with you and any interested governmental parties to discuss
the issue.

We first began the project about one year ago by burning representative
non-radioactive waste of the same nature as the LLRAW generated by various ASU
laboratories. This was done to monitor stack effluent and determine whether
or not the results were within Air Quality Control Board (AQCB) limitations.
We expect to complete the initial testing and receive AQCB approval within the
next two weeks.

We submitted a request to Arizona Radiation Regulatory Agency (ARRA) in
May of 1981 for an amendment to our Radiation Material License which would allow
us to dispose of LLRAW by incineration. The ARRA cannot act officially on our
request until we receive approval from the AQCB. However, they (ARRA) have
been following the project closely inasmuchas ASU is the first in Arizona to
request such authorization.

You may rest assured that we are going to meet all standards of the AQCB
and ARRA and will make every possible effort to set our own standards at Teast
a magnitude below those prescribed.

Again, let me extend my invitation for you to meet with me and discuss any
questions or comments you may have.

Very sincerely yours,

Richard F. Brown
Radiation Protection Officer



L.2
ARIZONA STATE ‘
UNIVERSITY TEMPE. ARIZONA 85257

UNIVERSITY RADIATION PROTECTION
MCALLISTER OFFICE COMPLEX 130-B (602) 905-8140/0190

March 15, .1983

Reference: RAD PROT OFF
Ttr dtd 7-20-82

The Honorable Harry E. Mitchell

et L Copies oua, st 2o
Tempe, Arizona 85281 ) The \\..,,'J.\‘. Den stranch '

(Mmaysr of  Mecd)

3 Tle Wonedla H-qr:c-l‘\cl A‘;‘J"':":d_)
Dear Mayor Mitchell: (Sa\r Niver Rima T'r-h;\ vdsl

I informed your offices on July 20th, 1982 of ASU's proposal to incinerate
Low Level Radioactive Waste (LLRAW) in the existing incinerator located
on ASU property near Price Road and First Avenue, Tempe, AZ.

At a meeting with the Arizona Radiation Regulatory Agency (ARRA) on March
11, 1983 | was advised that an acknowledgement of the above notification,
by you, in writting, be forwarded to my office to comply with ARRA Rules
and Regulations. Please feel free to contact me regarding any comments or
questions you may have regarding this matter. ‘

. Most Sincerely,

Richard F. Brown
Radiation Protection Qfficer

Enclosure:
ASU 1tr of 7-20-82

Copy:
ARRA
Chair, RPC



Salt River
PIMA-MARICOPA INDIAN COMMUNITY

ROUTE 1, BOX 216 / SCOTTSDALE, ARIZONA 85256 7 PHONE Stx2ex 941-7277

mAERLY REFERTO: Administration
August 16, 1983

Mr. Richard F. Brown

Radiation Protection Office
Arizona State University
McAllister Office Complex 130-B
Tempe, Arizona 85287

Dear Mr. Brown:

Reference your letter to Mr. Andrews, dated August 9, 1983
regarding your intention to incinerate Low Level Radioactive
Waste.

Please be advised that we have no objection and I regret we
did not respond to your earlier request.

Sincergly yours,

2%

Gerald Anton,
SRPMIC President
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M.
ARIZONA STATE
UUNIVERSITY . ——— - TEMPL, ARIZONA #5281

UNIVERSITY RADIATION SAFETY OFFICE
<10 COLLEGE OF ENGINEERING (D-102) (602) 963-8140

March 4, 1982

Mr. Doyl B. Stemen
2340 E. University Or. #42
Tempe, AZ 85281

Dear Mr. Stemen:

Last April | attended a meeting of your Association of Home Owners. The
purpose of this response on my part was to explain the proposed use of ASU's
animil incinerator for the incineration of very low level Radioactive Material
(RAM).

To bring you up to date on our progress [ am pleased to report that our
project is proceeding in a smooth and progressive manner. We have not as of
yet incinerated any RAM however, we have had several burns of materials which
were representative of the RAM. These burns were conducted to ascertain the
contents of the effluent from the smoke stack and the ashes. To date these
data meet all requirements for the Air Quality Control Board. We expect to
have final approval from Air Quality Control (AQC) shortly. Following the ap-
proval authorization from AQC we will then proceed with our action to gain
approval from the Arizona Radiation Regulatory Agency (ARRA) for the incinera-

. tion of RAM. When we obtain approval from ARRA, [ will be visiting your area
to collect afr samples, install radiation monitoring devices and, if you desire,
meet with your organization again.

The ARRA has requested that I obtain from you, as President of the Home
Owners Association, a short letter verifying that my staff and [ did in fact
meet with your group on 4-13-81.and presented our proposal then opened the meet-
ing to a question and answer session. Please address your letter to me. [ will
send copies to ARRA and others as necessary.

| appreciate your interest and cooperation in this matter and if [ may be
of further help or if you have specific questions please feel free to call or
write me. '

Sincerely,
i b}
(/& g, - -J * "LV‘Q‘-\
ic

hard F. Brown
Radiation Protection Officer
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Doyle B. Stemeh, Pres.

Tempe Cascade Mobile Homeowners'Assoc.
2340 E. University Dr. #4h2

Tempe, Az. 85281

March 29, 1982

Arizona State University

Radiation Safty Office

Attention Officer Richard F. Brown
Tempe, Az. 85281

Dear Mr. Browns

I enjoyed your short visit recently, bringing our
Association up to date on the proposed use of A.S.U's animal
incinerator for very low level radioactive material (RAM).

We were very well satisfied with the meeting on Apr. 13, 1981
which you and your staff presented at a public meeting in our
club house.

The question and answer period was very informative and well
handled. From our discussion recently, I personally feel we
should have radiation monitoring devices placed in our park
just to put every one at ease.

Thanks for your fine cooperation and willingness to answer
questions of concern to many of us.

With Kindest Regards, I am
Singerely yours,

s (

Doyle B. Stemen

P.S. We may, after you start your program of burning low
level radioactive material, have you meet with our park
organization again.

o Pl
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By Julle Mamm

Radioactive wastes produced at ASU will be burned In a
new Central Animal Care Facility incinerator Jocated one
mile east of the University, the ASU radiation safety officer
said Monday.

Richard Brown said the incinerator will handle low-level
radioactive wastes one month after the [acllity opens. The
facility. located at University and Price, will begin
operating in six to seven weeks.

“The amount ol emissions from the stack will be well
within the limits set by the government and the state of

_Arizona for discharge into the atmosphere,” Brown said.

“The ash residue will be buried according to state and
federal regulations at a yet-to-be-designated site.”

The process will occur under *‘very strict controls” and
will be supervised by the Arizons Regulatory Commission,
he said.

“There will be no hazard to anyone,” Brown added.

However, Dr. Ed Monty, director of the University
Animal Laboratory Program, said the animal care facllity
is being studied for several possible uses and that Brown
now has ‘‘no permission to wse it (the incinerator) for
disposal of radioactive material.”

If it is proven that the ts safe, disposal of
radicacive materials at the (acility is a poasibility, Monty
said.

But Brown said by converting the incinerator he is “act-
ing upon written approval of state, federal personnel and the
administration through the director of gramts and con-
tracts.”

near

AS

Monty said the incinerator originally was designed to
destroy lab animals and animal products and would have to
be modified to accomodate radicactive wastes. .

“Those animals exposed to radiation will not be put in the
incinerator f they have over a certain level of radioactive
contamination,”” Monty said. "(If the Incinerator is con-
verted) the only things incinerated would be materials that
are beiow the leved controlled by state and federal
regulations.”

ASU has been disposing its radioactive wastes at a site in
Richland, Wash., but as of Juiy 1, 1981, the Washington
dump site wili no longer accept radicactive wastes from
outside the state.

Brown said changes in the incinerator are necessary, and
although there is “iittie modification to be done to it for dry
wasles,"” liquid radicactive waste disposal will require more
extensive modifications.

Only low-level radicactive wastes will be burned in the
incinerator, he said. If there is any high-level radicactive
waste, which would be “‘rare and uncommon,” ASU would
need to acquire a special dispensation to ship the high-level
radioactive material to Washington or Nevada for disposal,
he said.

Because of the high cost of handling the waste, the in-
cinerator is nceded to reduce the radioactive material to a
size that Is easier to dispose of, Brown said.

The incineratur shrinks the materisl by burning it into ash
and dituting it into the atomosphere, Brown said.

*You can't destroy radioactive material,” he added.

1] zo/ 2)

U to burn waste

Contaminated radioactive materials such as protective
clothing, contsiners and absorbent paper are curremtly
being stored on campus In a “‘wellmarked” warehouse
{which meets state tions for storage of radicactive
material) before they are packaged and driven o
Washington for burial, Brown ssid.

“We're overly cautious here and include an awful lot of
tulk and volume in owr disposals with s smeli amount of
radiocactive material”’ he said. “in eight months, we ac-
cumulated snd shipped off approximately 150 millicures (of
radiation) in 50 to 60 55-gaiion drums.”

Fifty people are licensed by ASU through the Arizona
Regulatory Commission to experiment with radioactive
material {n research and teaching, Brown said.

*] lssue my own licenses through the Unlversity to in
dividuals,” he said.

More than 50 percent of the work done with radiation is
done through life sciences. Other departments that use
radiation include physical sciences, engineering,
agriculture and home economics, Brown said.

Dale Partridge, University safety olficer, said non-
radicactive toxic wastes from ASU laboratories are
disposed of on 8 monthly basis in southern Nevada.

He sald there is no legal waste disposal site in Arizona.

Disposed wastes include flammables, caustics, poison,
corrosives and high-oxidizing snd reactive chemicals,
Partridge sald.



Arizona State.Universit¥
Laboratory Animal Care Facility

"CONSUMATE" Incinerator Model C-75P

INCINERATOR DATA SHEET
"CONSUMATE" Incinerator Model C-75P

Please complete this form and load forms for every burn. This form must
be completed in its entirety as stipulated by the operating permit for
the incinerator.

Burn # Date Time Start-up

Prepared by: Radioactive %
Non-Radioactive )

Weather Data: Temp. °F; Wind Speed mph; Direction

From
Weather information may be obtained by calling 261-4000 or 261-6000.

Cloud Cover %; Baro Pressure in. Hg.

Start-up time Shut-down time

FOLLOW-UP DATA:

Total Weight Burned lbs. Total Activity Burned

uCi

(1b x 0.454 = kqg) kilo grams

Date Incinerator Cleaned Isotope Activity

Ashes From Burns Nos.

Cleaned by

Aéh Disposal Method

Total Weight of Ashes 1bs.

Approximate Volume of Ashes:

cu. ft.

Total No. Loads

SAMPLING: Please list below all sample methods pertaining to this burn.
Also attach the complete details and results of each test.

Breakdown of Activity (totals):



- INCINERATION DATA SHEET

Burn # Date Page
m Load # UC Temp. (before load) °F  LC Temp. °F Time
Contents:
oDry Waste 1bs. oLS Vials 1bs.
eMixed-in bags(vials,glassware) plastic # of vials
1bs. glass # of vials
eAnimals 1bs. @Absorbed Liquid 1bs.
(Radioactive-Non Radioactive) o(Other
®Animal Bedding 1bs.
Radioactivity: Total Wt. 1bs.; cu. ft.
Isotope Activity Stack Observations: (please check
condition & note length of time where
applicable)
clear
black smoke
flame
white smoke
Comments:
(:> Total
UC Temp. (after load) °F . LC Temp. °F
Burn # Date Page
Load # UC Temp. (before load) °F LC Temp. °F Time
Contents:
edry Waste 1bs. oLS Vials 1bs.
Mixed-in bags(vials,glassware) plastic # of vials
1bs. glass # of vials
®Animals 1bs. eAbsorbed Liquid 1bs.
(Radioactive-non Radioactive) e(Other
e®Animal Bedding 1bs.
Radioactivity: Total Wt. 1bs.; cu. ft.
Isotope Activity Stack Observations: (please check
condition & note length of time where
applicable)
€lear
o~ black smoke
v flame
white smoke
Total Comments:
UC Temp. (after load) °F LC Temp. °F
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APPLICATION FOR RADIOACTIVE MATERIAL LICENSE

INSTRUCTIONS — Complete all items whether this is an initial application or an application for renewal of a
license. Use supplemental sheets where necessary. Mail in duplicate to: Arizona Radiation Regulatory Agency,
925 South S2nd Street, Suite 2, Tempe, Arizona 85281. Upon approval of this application, the applicant will
receive a Radioactive Material License, issued in accordance with the requirements contained in the Arizona
Radiation Regulatory Agency Regulations for the Control of Ionizing Radiation. Medical applicants: use form

ARRA-2 in lieu of this form.

1. (a) NAME AND STREET ADDRESS OF APPLICANT.
(Iastitution, firm, hospital, person, etc. Include Zip Code.)
Arizona State University
Tempe, AZ 85287
Radiation Protection Office
McAllister Office Complex 130-8

{8) STREET ADDRESS(ES) AT WHICH RADIOAC-
TIVE MATERIAL WILL BE USED. (If different
from 1 (a). Include Zip Code.)

Same as (a)

2. DEPARTMENT TO USE RADIOACTIVE MATERIAL.
Radiation Protection Office

3. THIS IS AN APPLICATION FOR:(Check appropriate item)
a. [J New License
b. & Amendment to License No. 7-37
¢. O Renewal of License No.

4. INDIVIDUAL USER(S). (Name and title of individual(s)
who will use or directly supervise use of radicactive
materials. Give training and experience in Items 8 and 9.)

Richard F. Brown
Radiation Protection Officer

S. RADIATION PROTECTION OFFICER. (Name of per- °
son designated as radiation protection officer if other
than individual user. Attach resume of his training
and experience as in Items 8 and 9.)

Saine as #4

Telephone No.: Area Code (602 ) 965-6140/6190

6. (a) RADIOACTIVE MATERIAL.
(Elements and mass numbers of each.)

Atomic Numbers 3 thru 83

inclusive

(Refer to original ap-
plication plus amendments

Any form

(b) CHEMICAL AND OR PHYSICAL FORM AND MAXIMUM QUANTITY
OF EACH CHEMICAL AND/OR PHYSICAL FORM THAT YOU WILL
POSSESS AT ANY ONE TIME. (If seuled source(s), also state name
of manufacturer, mode! number, number of sources and maximum ac-
tivity per source.)

Total activity not to exceed
four (4) Ci.

7. DESCRIBE PURPOSE FOR WHICH RADIOACTIVE MATERIAL WILL BE USED.,

Waste disposal of Low Level Radioactive Material by incineration.

(Continued un reverse side)
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8. TRAINING OF EACH INDIVIDUAL NAMED IN ITEM 4 (Use. supplemenu; sheets if necessary).

' o ... | DURATION OF | ON THE JOB [FORMAL COURSE

TYPE OF TRAINING - WHERE -TRAINED - TRAINING (Circle answer) { (Circle aaswer)
Principles and pmcticea of redi- . ‘ : ' Yes No ': Yes No
atica protectian Refer to original application S . .
ﬁldlo-cuvity measurement : . . .
standardization and monitoring Coom Yes No Yes No
techniques and instruments - - C ——
Mathematics and calculatioas
basic to the use and messure-|, " Yes No Yes No
ment of radicactivity
Biological effects of radistion ] Yes No Yes No

9. EXPERIENCE WITH RADIATION (Actual use of radioisotopes or equivalent experience). -
7 :
ISOTOPE [MAXIMUM AMOUNT |WHERE EXPERIENCE WAS GAINED| DURATION OF EXPERIENCE

TYPE OF USE

Refer tc): original apbl'c'ation (27 years experience in US Navy, Washingtdn University
and ASU). '

10. RADIATION DETECTION leUMEN‘_l'S (Use supplememal sheets if necessary).

TYPE OF INSTRUMENTS NUMBER | RADIATION| SERSITIVITY [ WINDOW T™ " \;qe (monisaring,
(Include make and model number of each)] AVAILABLE| DETECTED (mR /hr) (me/cm?) Surveying, Measuring)

[

Refer to original application

11. METHOD. FREQUENCY, AND STANDARDS USED IN CALIBRATING INSTRUMENTS LISTED ABOVE.
Refer to original application

12. FILM BADGES, DOSIMETERS, AND BIO-ASSAY PROCEDURES USED (For film badges, specify method of calibrating
and processing, or name of supplier).

R.S. Landauer, Jr. and Co.
INFORMATION TO BE SUBMITTED ON ADDITIONAL SHEETS
13. FACILITIES AND EQUIPMENT. Describe laboratory facilities and remote handling equiptynem. s@u containers, shielding,
es

fume hoods, etc. Explanatary sketch of facility is attached (Circle answer).

14. RADIATION PROTECTION PROGRAM. Describe tiie radistion protection program including control measures. If applica-
tion covers sealed sources, submit leak testing procedures where applicable, name, training, and experience of person to perform
leak tests and arrangements for pu'lonmu nitisl radiation survey, wyicing. maintenance and repair of the source.

15. WASTE DISPOSAL. If 3 commercial waste disposal service is employed, specify name of company. Otherwise, submit detailed
. dmolwlved.m of methods which will be used for disposing of radioactive wastes and estimates of the typs and amount of activity
I

e

CERTIFICATE

16. TRE APPLICANT, AND ANY OFFICIAL EXECUTING THIS CERTIFICATE ON BEHALF OF THE APPLICANT NAMED INITEM 1,
.. CERTIFY THAT THIS AFPLICATION IS PREPARED IN CONFORMITY WITH THE ARIZONA RADIATION REGULATORY
* * AGENCY REGULATIONS FOR THE CONTROL OF IONIZING RADIATION, AND THAT ALL INFORMATION CONTAINED

HEREIN, INCLUDING ANY SUPPLEMENTS ATTACHED HERETO, IS TRUE, AN) CORRECT TO THE BEST OF OUR KNOWLEDGE
AND BELIEF. ,2 é. b )’SET
A P ) . - e
o Richard F. Brown a” .
o T Applicant named in [tem I d M
Due . .8-9-83 py: _Ronald H. Alvatado

_ Chair, Radiation Protection Committee
"Tide of cortifying official authorized to act om behalf of the agplicant
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July, 1980 ARIZONA RADIATION REGULATORY AGENCY

RADIOACTIVE MATERIAL LICENSE

SUPPLEMENTARY SHEET License Numbor___7_:.3_7.__

Amendment #40
."_Jl.

R

Arizona State University )1
Radfatfon Protection Qffice :
McAllister Office Complex 130-8

Tempe, Arizona 85287

In accordance with application dated August 9, 1983, signed by Richard F. Brown,
Radiation Safety Officer, and Ronald H. Alvarado, Chairman, Radiation Protection
Committee, License #7-37 is hereby amended as follows.

Condition #12 is amenaed to read:

12.

A.

Radioactive material shall be used by, or under the supervision of, individuals

desfgnated by the University Radiofsotope Committee, Dr. Ronald H. Alvarado,
Chafrman.

Radioactive material may be disposed of by incineration pursuant to Condition
#23 of this license only by, or under the supervision and in the physical
presence of, Richard Brown, Radfation Safety Officer.

A new Condition #23 is added to read:

23.

A.

Pursuant to A.C.R.R. R12-1-420, R12-1-407 and R12-1-417, the licensee is
authorized to dispose of radioactive materfal by incineration provided the
gaseous effluent from the incincerator does not exceed 10 percent of the limit
specified for afr in Appendix A, Table 2 of A.C.R.R. Title 12, Chapter 1, Article
4. Ash residues may be disposed of as ordinary waste provided appropriate
surveys pursuant to R12-1-409 are made to determine that the radiation levels
from the ash are not distinguishable from background. ’

The licensee is authorized to incinerate only waste generated at Arizona State
University, and containing only those isotopes identified as categories 1 through
5, Table 1, page 4 of the report by the licensee dated July 1983.

The licensee is authorized to hold radioactive material with a physical half-
1ife of less than 65 days for decay in storage prior to disposal by incinera-
tion.

The licensee is authorized to hold radfoactive material with a physical half-

1ife of 65 days or greater, but less than 90 days, for a period not ta exceed
six half-1ives prior to disposal by incineration.

»

The licensee shall survey ash residue with a low-level survey meter prior to
removal of the ash residue from the incinerator.

LY
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"ARRA-3 (cont)
July. 1980 ARIZONA RADIATION REGULATORY AGENCY
RADIOACTIVE MATERIAL LICENSE
SUPPLEMENTARY SHEET License Number 7-37

Amendment #40Q

F. Incineration of waste material containing radioactive material, and, the
removal of ash residue from incinerated waste material containing radiocactive
material, shall be conducted by, or under the supervision and in the physical
presence of, Richard Brown, R.S.0.

G. The licensee shall maintain specific records showing at least the date and time
of each burn, the isotopes and quantities incinerated, results of surveys, dispo-
sal of ash and any other information as needed to demonstrate compliance with
this condition.

Condition #22 is amended to read:

22.

Except as specifically provided otherwise by this license, the licensee shall
possess and use radioactive material described in Items 6, 7 and 8 of this license
in accordance with statements, representations and procedures contained in:

1) Application dated June 16, 1980, signed by Richard F. Brown;

2) Letter dated June 16, 1980, signed by John W. McKlveen;

3) Letter dated June 19, 1980, signed by John W. McKlveen;

4) Letter dated September 3, 1980, signed by Richard F. Brown;

5) Letter with attachments dated December 17, 1982, signed by
Richard F. Brown and Ronald H. Alvarado, Ph.D.;

6) Letter with attachments dated February 9, 1983, signed by
Richard F. Brown;

7) Letter with attached report, dated July 18, 1983, signed by
Karla Greenup and Richard F. Brown;

8) Application dated August 9, 1983, signed by Richard F. Brown and
Ranald H. Alvarado.

The Agency's regulations shall govern the Ticensee's statements, applications or
letters, uniess the statements are more restrictive than the regulations.

v Y/ : -
iaty £ LAl Y
Charles r. Tedford, Dipector

DATE ISSUED:
February 10, 1984

jr



ARIZONA STATE |
UNIVERSITY TEMPE. ARIZONA 85287

DEPARTMENT OF Z0OOLOAGY

September 13, 1983

Mr. Charles Tedford, Director
Arizona Radiation Regulatory Agency
925 S. 52nd Street

Suite 2

Tempe, AZ 85281

Dear Mr. Tedford:

This letter is to advise you that the administration of Arizona State University
anproves of the proposed use of the "pathologicai incinerator” located on

1st Street and Price Road in Tempe for incineration of low level radioactive
waste. This aporoval is based upon recommendation of the ASU Radfiation Protection
Committee with the concurrence of the Office of Research and Development (Dr. H.B.
Hunnicutt; and the Office of the Vice President for Academic Affairs (Dr. J.
Kinsinger). The ASU Radiation Protection Officer (Mr. R.F. Brown) is authorized
to carry out this project upon approval of our pending amendment to Ticense
number 7-37.

Thank you for consideration.
Sincerely,
/] v iy o

Jdck B. Kinsinger,
ce President for{

Harold B. Hunnicutt, EDD
Assistant Vice President for Research

Rt Hornad—

R. H. Alvarado, Chair 4
Radiation Protection Committee

dp
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SAFETY PRACTICES INVOLVING LAB ANIMAL CARE FACILITY INCINERATOR

The most important consideration in the operation of an incinerator is safety,
. particularly the safety of machine operators and maintenance workers. Improper
h safety procedures can result in injury, loss of time, money and life.
Procedures must be dafined for the following four major safety areas:

1) Protection of the machine operator at the point of operation.
2) Protection from unexpected machine movements during operation.
v 3) Protection of maintenance personnel from unexpected machine
movements during maintenance.
4) Protection from unauthorized usage.

Protection of machine operator will involve the following:

1) Ash removal door will be locked during use and remain locked
until ash has cooled to ash removal temperature.

2) When loading-operator(s) will be equipped with gloves and face
protection, operator will open charging door slightly and hold
allowing incinerator to depressurize before charging. After
charging, door will remain secured for a minimum of five
minutes between charges.

3) Ash removal procedure will be as follows:

a) Allow ash sufficient time to cool.

b) If radioactive waste is involved outside of ash removal
door must be surveyed prior to opening.

c) Wet down ash to minimize airborne particulates.

d) Remove ash to fiberboard containers.

Before maintenance is performed:
1) Turn power switch to "Power off"
2) Set temperature controllers to 0°F for both upper and 1ower burners,
preventing accidental ignition.
3) Secure any valves or controllers involved in maintenance.

Protection from unauthorized usage involves:
1) Placing locks oh control panel, charging door and ash removal door.

2) Sett1ng temperature controlier for both burners to 0°F when not
in use.





