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TRANSURANIC SOLID WASTE MANAGEMENT PROGRAMS

JULY—DECEMBER 1974

ABSTRACT

Progress is reported for three transuranic solid
waste management programs funded at the Los Alamos
Scientific Laboratory (LASL) by the Energy Research and
Development Administration (ERDA) Division of Waste
Management and Transportation (DWMT). Under the Trans-
uranic Waste Research and Development Program, a com-
pleted evaluation of stainless steel drums showed that
although the materia1 has superior corrosion-resistant
properties, its higher cost makes a thorough investiga-
tion of other container systems mandatory. A program
to investigate more economical, nonmetallic containers
is proposed. Preliminary fire tests in mild steel
drums have been completed with fire propagation not
appearing to be a problem unless container integrity is
lost. Investigation of the corrosion of mild steel
drums and the evaluation of potential corrosion inhibi-
tors, in a variety of humid environments, continues.
Experimental results of both laboratory and field in-
vestigations on radiolysis of transuranic elements in
hydrogenous waste are discussed. Progress in the de-
velopment of instrumentation for monitoring and segre-
gating low-level wastes is described.

New plans and developments for the Transuranic-
Contaminated Solid Waste Treatment Development Facility
are presented. The current focus is on a comparison of
all alternative waste reduction systems toward a relative
Figure of Merit with universal application. Drawings,
flowsheets, and building layouts are included, and the
proposed incinerator device is detailed.

The release mechanisms, inter- and intraregional
transport mechanisms, and exhumation studies relevant
to the Evaluation of Transuranic-Contaminated Radioactive
Waste Disposal Areas Program are defined and analyzed.
A detailed description is given of the formulation of the
computer simulation scheme for the intraregional biolog-
ical transport model.

I. TKANSURANIC WASTE RESEARCH AND DEVELOP- used in assessing what materials should be j

MENT PROGRAM, A412 (W. A. Goldsmith, used in containers for storing radioactive j

G. Maestas, R. Mulkin, C. J. Umbarger, wastes.

A. Zerwekh) Stainless Steel. Stainless steel cou-

A. Corrosion Studies pons, types 304, 316, 347, 440a and 440c

Studies continue to determine rates of are being exposed to 50 and 100% relative f

corrosion for various materials as a func- humidity in air and to the LASL contamina- j

tion of material, exposure environment, and ted disposal site soil saturated with H,O. j

time. The data from these studies will be These have now undergone exposure for 1 yr. I



Several times during the year, samples were

cut from the coupons for electron microprobe

examination to determine the depth of cor-

rosion. In general, there was very little

corrosion, with the maximum ranging from 25

to 50 um in depth. Extrapolating to 20 yr,

and assuming pitting type corrosion, pene-

tration of a 1.52-mm-wall, stainless steel

drum would not occur.

Clearly, from the standpoint of cor-

rosion, stainless steel is a satisfactory

container material for intermediate storage

of transuranic (TRU)-contaminated solid

waste. However, because of cost and availa-

bility forecasts, a satisfactory substitute

should be sought.

Mild Steel. Mild steel drums in 315-,

210-, 115-, and 57-1 sizes continue in use

at the LASL for the storage of contaminated

waste. However, there are known corrosion

problems using this type of drum, and stud-

ies continue on the possibility of using

coatings on these drums to decrease corro-

sion problems.

Obviously, if a suitable coating can be

found, mild steel will be preferable to

stainless costwise. However, there would

still be the problem of continued availa-

bility.

Honmetallic Materials. It would be

highly desirable to find an adequate sub-

stitute for metal drums for the storage of

wastes. Therefore, investigations were be-

gun to determine what types of nonmetallic

drums may be commercially available at a

reasonable cost. So far, three types of

fiber drums have been obtained: uncoated,

coated with a fire resistant resin, and

coated with a moisture resistant resin.

Experiments are being planned which will

measure resistance to fire (see section B

of this report), moisture, and radiolytic

attack in drums of various fiber content and

with various coatings. The resistance to

moisture will be ascertained by experiments

comparable to those employed for corrosion

of various steels. Radiolytic attack will

be determined by experiments comparable to

those presently used to evaluate the de-

gradation of cellulosic matrices (see sec-

A^on C of this report).

B. Fire Protection for Interim Storage

Facilities

A field testing program using IIS- and

210-f fiber mild steel drums has been initi-

ated in connection with the genera] study of

fire causes and propagation. Results of

these tests will be used as baseline data

for comparison v.'ith results; from similar

tests with other types of containers toward

devising an optimum combination of contain-

er and storage facility.

Test Program. The first test, which

took place in December 1974, was to evaluate

the fire containment capability of the 115-f

mild steel drums. Specific items of inter-

est included the combustibility of materials

in a covered container, resistance of the

drum wall to burn-through, and fire propaga-

tion characteristics in case of drum fail-

ure. Parameters of the test were:

Container:

115-£ mild steel drum lid torqued to

54.2 N-m

Contents:

11.0 kg plastics

5.0 kg rubber

0.5 kg paper

1.5 kg rags

18.0 kg total

Heat Source:

Nichrome wire ojijnei.-i.ed to 115 V from

portable motor generator to give approxi-

mately 850°C at the surface of the wire.

Total heat input:

685-740 KJ in 1230-s period.

'Maximum pressure:

44.8 kPa

Maximum internal temperature rise:

62°C

Outside air temperature:

6°C

"Measured at the approximate point in time
where the nichrome wire opened and heat
generation terminated.



To simulate spontaneous combustion, an

electrical heat source was imbedded in the

contents of a drum located in the middle of

the second layer of an array 5x5x3 drums high.

The stacking was for the purpose of examin-

ing propagation should it occur. Fire re-

tardant plywood sheets separated the layers,

but there was no evidence of heat transmis-

sion to the plywood durinq the test period.

The test was terminated prematurely because

of heat source failure after 1230 s.

The examination of the drum contents

after the test showed little if any evidence

of actual combustion. Only the contents in

the immediate vicinity of the heat source

were charred. Articles such as rubber

gloves appeared to be pyrolyzed only in the

area in direct contact with the nichrome

wire. The oxygen present in the drum before

ignition is believed to have been quickly

consumed, thereby precluding significant

combustion, and the charring of the contents

was therefore a result of pyrolysis. Tt is

noteworthy that no measurable weight loss

resulted from the pyrolysis. The drum main-

tained a positive pressure for about 3 h

after heat generation stopped and the seal

did not appear to be damaged during the

test. It remains to be d .termincd whether

rupture will occur over a longer time

period.

The data obtained thus far indicate

that combustion inside mild steel drums is

unlikely unless the wall is breached or the

cover seal fails sufficiently to permit an

intake of air. Without combustion it is

unlikely that temperatures sufficiently

high to breach *ne wall can be attained.

Further experimentation with mild steel

containers will include a continued close

examination of seal integrity. Since the

typical drum does not appear to be leak

proof at 34 kPa, an average leak rate will

be defined when more data are available.

Provisions will also be made to remove gas

samples from inside the drum as the test

progresses to determine the amount of oxygen

present at any given time. Test results of

nonmetaliic containers will be compared with

those for the standird mild steel container.

C. Radiolysis Studies

Laboratory Studies. The initial phase

of the investigation of gas generation by

radiolysis of alpha-contaminated waste is

complete. More than 30 waste matrix samples

were placed in pressure cylinders and sam-

pled regularly for gas composition and total

pressure. Results indicate that cellulosic

and polyethylene matrices generate signifi-

cant quantities of H,, and lesser quantities

of C0 2, CO, and CM., when under intense al-

pha bombardment. The other materials stu-

died—Hypalon, isoprene, Tygon, neoprene,

and Lucite—generated far less gas than

either cellulosics or polyethylene. In

general, for any given material the rate

of gas generation was found to be directly

related to the levtl of contamination of

the matrix.

A tan powder was distributed throughout

the waste matrix in the cylinder containing

cellulosics. For those cylinders containing

only eellulosics, approximately 10% of the

original weight of waste was powdered. For

those containing a mixture, the amount of

tan powder present was proportionately less,

indicating that it was a degradation product

of cellulosics. The powder contained ap-

proximately 50% of the radioactivity which

had been added originally. Of the other

waste matrices, only strongly contaminated

neoprene drvbox glove material showed simi-

lar degradation products. A rust-colored

granular material was separated and a dark-

ened area on the inside wall of the stain-

less steel cylinder contacted by the de-

grading neoprene indicated that some reac-

tion had occurred. Clearly, highly contam-

inated degradation products in powdered

form present significant problems in waste

treatment, repackaging, or inadvertent

breaching of waste containers.

To study thermal effects,three 300-cm3

stainless-steel sample cylinders, each

loaded with 52.5 g of cellulosics contami-

nated with 62 mg of Pu, are being stored



at three different temperatures: -l^C,

20°C, and 55°C. Each cylinder is generating

H2, C0_, CO, and CH. through radiolysis.

The composition of the gas mixture was not

affected by the two lower storage tempera-

tures. However, the cylinde at 55*C is

generating an unidentified o -anic with a

mass-i:o-charge ratio of about 60.

The daily rates of pressure increase

in the cylinders are significantly different

and increasing with temperature. Since

these observed rate increases are greater

than that predicted by the ideal gas law,

increased production of qases with increase

in temperature seems to be occurring. A

topical report, entitled "Radiolytic Attack

oi Some TRU-Contaminated Waste Matrices" is

in press which summarizes and interprets all

radiolysis results obtained to date.

Field Measurements. At the LASL, trash

contaminated with Pu is packaged in tin

cans and plastic bags inside 115-1 mild

steel drums and placed in retrievable stor-

age in sealed concrete casks, two drums per

cask. These casks are placed in exclusive-

use trenches at the LASL contaminated-waste

disposal site, a corrugated iron cover is

placed over them, and 1 in of soil is back-

filled over the trench. Four of these casks

were instrumented to measure temperatures

inside and outside selected drums and under-

neath the casks, and to obtain gas samples

and pressures from inside the drums, and

inside and outside the casks. After 41 days

of burial, the instrumented drums were mon-

itored and gas samples were analyzed (Table

I). The air temperature at the disposal

site was 2"C and the soil temperature under

the casks was 7"C.

Ab these are typical waste drums with-

out special gaskets or sealing compounds,

they are probably leaking at the closure.

The casks themselves are sealed with plastic

cement, but the concrete is somewhat porous

and gas can probably diffuse (or effuse)

through it. For these reasons, in future

studies gas samples will be taken from

inside and outside of the drums and from

the open space around the heads of the

drums.

U. Assay Instrumentation

The MEGAS Pox Counter and the Pancake

Counter. A topical report entitled, "Meas-

urement of Transuranic Solid Wastes at the

10-nCi/g Activity Level" has been published

(LA-5904-HS) which presents a variety of

different approaches to the problem of as-

saying wasies at the 10-nCi/g level. The

development of two nondestructive assay

systems, the MEGAS Box Counter and the Pan-

cake Counter, is described in detail, high-

lighting the extreme sensitivity, accuracy,

and precision of these assa\ /stems. For

example, the detection limit obtainable us-

ing the MEGAS to assay 0.06-m boxes of low-

density material is well below trie 10-nCi/g

level for all radioisotopes defined as

transuranic material. This Box Counr.er

system was designed to detect 16-keV L-

x rays, 60-keV gamma rays (from americiuin),
2 33

and higher energy gammas (typical of Pu

and Pu). The utility of the NEGAS for

transuranic assay In the presence of fission

products is also riocutnonted.

These NaI-b.»secJ systems, specific for

low-density transuranic solid wastes, arc

of value in the implementation of Federal

transuranic waste regulations, in that waste

disposition can be based on actual assay

rather than administrative fi;t.

Use of the MEGAS. Until recently, the

MEGAS was operated as a development proto-

type. It was deployed on a trial basis us-

ing a Canberra 8100 Pulse Height Analyzer*

for resolving the spectra into various iso-

topic regions. The prototype system re-

quired manual transcription of data from a

display scope and use of a calculator for

reducing the integrated spectra to actual

contamination quantities. This required

significant operator ti.rae, so that comput-

erization would be most beneficial.

*Use of a company name does not constitute
'idorsement.

* K4-CJ4-7J J q W ^ t tfJJVi, ̂



TABLE I

TEMPERATURES, GAS PRESSURES, AND GAS COMPOSITIONS

FOR INSTRUMENTED DRUMS IN COVERED TRENCH STORAGE

(AFTER 41 DAYS STORAGE)

Gas Composition Inside
Drum

Number

223

224

232

233

Temperature, °C
Inside Outside

12.5

18.0

20.5

19.0

11.5

12.5

13.0

12.5

Pressure,
kPa

0.0

0.0

0.0

0.0

Instrumented
H2 CH4 0 2

0.8

0.2
6.7

• 0 . 1

0,

0.

0.

<0.

1

1

4
I

16

19
11

20

Drums

6.3

1.4
12.0

0.6

(Moi %)
CO N2

2.0

0.7

3.0

0.7

74

77

66

78

TABLE II

COMPOSITION RANGES OF TYPICAL TRANSURANIC WASTE

(weight percent)

Component

Paper and Rays

Plastics

Rubber

Lumber

Dirt and Concrete

Metallics and Glass

Laboratory

10-60

5-60

5-30

~

5-50

Line or
Process

10-40

30-40

10-45

—

—

30-40

Construction

5-20

5-30

5-20

5-30

5-60

10-50



Late in the calendar year the prototype

system was returned to the Nuclear Analysis

Research Group for computer implementation

and complete recalibration in their labora-

tories. At this time, the Canberra Analyzer

(cost approximately S12 000) was replaced b>

a D-116 minicomputer (Digital Computer Con-

trols, cost $5 000). Extensive software was

written to implement the control and analy-

ses functions of the system incorporating:

1) management of all hardware operations,

including box handling and weight measure-

ment; 2) provision of versatile pulse height

analyzer functions; 3) exact correction for

deadtime; 4) online background subtractions;

5) performancp of all calculations; and 6)

hardcopy output. The benefits of the new

system are reduced cost, reduced analysis

cycle time, and reduced operator surveil-

lance. Particularly, the need for extensive

data transcription and manual calculation

has been eliminated, freeing the operator

for other counting room activities.

This system is not, however, restrict-

ed to pushbutton operation. Considerable

operator interactive capability has been

built in; for example, Tektronix 603 storage

scope interface allows operator interaction

with the analyzer through the display.

Special case analysis of nontypical spectra

is also possible due to the great flexibil-

ity of the computer-based system. These

aspects of the system, and the modular form

of the software codes, provide valuab.ie ex-

pansion and developmental capability for

future work. Future additions might consist

of detailed searches for specific fission

product activities, ongoing background up-

dates, expanded attenuation corrections, and

more detailed output when desired.

The computerized MEGAS counter is now

in routine use for assaying all room trash

generated by the LASL plutonium processing

facility. A typical waste container under-

going assay is shown in Fig. 1.

Fig. 1. MEGAS Box Counter in operation.

E. Waste Characterization and Sorting

Studies

Waste Characterization.

Transuranic-contaminated wastes gener-

ated in the plutonium processing areas at

the IJASL have been studied in detail in

order to characterize the wastes as to

composition and level of radioactivity

(see Table II). This study has been report-

ed in a topical report, "Characterization

of Transuranic Waste from a Plutonium Pro-

cessing Area," LA-S993-MS.

MEGAS Qualification and Verification.

h random sampling of approximately 150

boxes per month was measured in the MEGAS

and then transferred to a sorting enclosure

system where the box contents were separated

into small packages for assay by the Pancake



Counter. The activities found by the two

systems were compared to determine if the

MEGAS was capable of detecting activity nor-

mally found in this room-generated waste

stream. After two months of such compari-

sons, there was no case in which activity

detected by the Pancake Counter was missed

by the MEGAS. In every case, when the MEGAS

assay was ^10 nCi/g, significant activity

was indicated by the Pancake Counter.

The MEGAS Box Counter was installed

primarily for monitoring room trash from

areas handling weapons-grade plutonium.

Approximately 75% of the waste volume that

was measured comes from such areas. Other

activities in the area include recovery of

re-ictor-grade plutonium, development of ad-

vanced LMFBR fuels (mixed uranium-plutonium

carbides and nitrides), and research and

development work on artificial heart designs

as well as space nuclear systems. By using

the multi-channel analyzer on the MEGAS, it

was possible to define the type of radio-

activity present in a specific box of trash

and to develop quantitative methods for de-

termining the amount of each type of activ-

ity present.

Present Operation of the Box Counter.

Standard operating procedures have been

written and the MEGAS is now in use by

scrap-recovery personnel as a routine assay

device. Over 90% of the boxes assayed are

determined to be <IO nCi/g and are disposed

of by burial. Those boxes assaying >10

nCi/g are returned to the area of origin or

are transferred to the normal retrievable

waste stream.

Experience has shown that the 16-keV

radiation can be used for calculating plu-

tonium and americium activity in the rou-

tine waste stream to values well below

10 nCi/g. The capability of detecting the

high-energy gammas can be used to assay

precisely the plutonium content in contami-

nated boxes and to determine transuranic

activity in lower ranges for occasional

mixed fission products found in the fuel

rod inspection area.

The only limitation of the Box Counter

in screening disposable wastes (<10 nCi/g)

is the inability to measure activity con-

tained in high-density items such as scrap

pipe and metal foil. However, a metal de-

tector and/or positive sorting system could

be used to provide assurance that all waste

going to burial is *10 nCi/g.

II. TRANSURANIC CONTAMINATED SOLID WASTE

TREATMENT DEVELOPMENT PROGRAM, A413

(L. Borduin, W. Draper, C. Warner)

Central to the transuranic solid waste

management program is the establishment of a

process study facility for the development

and evaluation of candidate volume reduction

and residue stabilization processes. This

facility, currently nearing completion of

Detailed Engineering Design, Title II, will

be constructed as a separate structure with

occupancy scheduled for May 1976. In ad-

dition to the process operations area, the

Treatment Development Facility (TDF) will

house support laboratories, shop equipment,

decontamination facilities, and office space.

Beyond facility completion, primary objec-

tives of the program include: (1) Develop-

ment of a valid evaluation basis (Figure of

Merit) for comparison of alternate waste re-

duction processes; (2) Assembly ar.d operation

of an initial process comprised of "off-the-

shelf" components representative of current

incineration and pollution control technolo-

gy; (3) Evaluation and modification of the

initial process to meet radioactive health

and safety standards; (4) Determination of

accurate waste disposal costs for the initial

process; and (5) Selection of an alternate

process for TDF installation from existing

ERDA-contractor and/or industrial waste

disposal technology.



A. Facility

The final draft of the TDF facility de-

sign criteria and cost estimate was for-

warded to the DWMT in June 1974. Project

funds were released on July 26 for facility

construction, subject to review by the Albu-

querque Operations Office. The firm of

Kruger, Lake, and Associates was selected as

Architect/Engineer (AE) to prepare the Title

I design package.

Title I Review. Title I drawings and

design specifications were received from the

AE on August 14, 1974. Subsequent review

revealed the cost estimate exceeded the

amount allocated for the facility.

Facility Changes. The Title I review

meeting held on September 4, 1974, focused

on LASL efforts to reduce facility costs.

Large items eliminated include the elevator,

all office partitions, the conference room,

and a library. The chemistry* waste storage,

and electronics laboratories were rearranged

to provide more efficient utilization of

space. The revised second-floor plan is

shown in Fig. 2. The first floor was also

rearranged (see Fig. 3) with cost reduction

and improved efficiency as guidelines. The

hot mechanical equipment room was eliminated,

and the process HEPA filters were relocated

to the process air-cleaning enclosure. The

process off-gas and main ventilation fans,

main ventilation HEPAs, and the auxiliary

generator and associated switch gear were

relocated outside the building. Significant

reductions in required floor space, and

consequently building size, were realized

by these design changes.

Other facility changes include combining

the covered storage area with the shipping

and receiving dock, eliminating the parti-

tion between the high- and low-bay areas in

the process area, and substituting removable

wall panels for two roll-up doors which will

provide access during removal or installation

of large process components.

Building construction materials were

also reviewed to reduce project costs. Pre-

stressed, insulated concrete T-panels were

chosen to replace the originally specified

and more expensive all-stee.l, modular build-

ing (Fig. 4). With the exception of the

front exterior panels, which will have an

exposed aggregate finish, the building ex-

terior will be as-cast concrete. Interior

surfaces will be wood-float finish sealed

with strippable epoxy paint for ease in

decontamination.

Following a DWMT suggestion at an April

1974 meeting, alternative means of procuring

facility equipment were explored. A con-

certed effort was made by LASL personnel to

secure surplus equipment in lieu of new,

contractor-supplied material. In addition

to searching published lists, trips were

made to the NRDS, Burlington, Iowa, and

Huntsville, Alabama, to inspect surplus

equipment. Major items located and secured

for the TDF are the exhaust stack, auxiliary

generator, fork lift, miscellaneous chemical

laboratory and shop furniture, and instru-

mentation. An itemized list of 66 items

(with an original cost of $180 480) was

forwarded to DWMT. Depreciated value of the

equipment is $50 000, representing 3% of the

total project budget. This amount is within

the Title I estimate contingency therefore

no adjustment of the total estimated cost

or scope of work will be made at this time.

The revised Title I estimate, incorpo-

rating the preceding facility design changes,

was issued by the AE on September 24, 1974.

This estimate indicated costs to be within

the budget limits. A TDF status report was

presented to the AEC-DWMT staff in Albuquer-

que on October 7, 1974, by representatives

of the LASL and the AE. Both AE facility

and LASL process equipment cost estimates

were reviewed in detail.

Approval to proceed with Title II was

received from the Albuquerque Operations

Office on October 29, 1974, with Title II

review scheduled for the week of January 27,

1975. Contract bidding will occur during

February and contract award is scheduled

for early March. Based on an April 1, 1975,
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start-of-ccnstruction date, facility com-

pletion and occupancy is expected in May

1976.

B. Evaluation Basis (Figure of Merit)

Fundamental to the TDF program is the

establishment of a valid evaluation basis

for comparison of alternate waste disposal

processes. The LASL Figure of Merit concept

has been proposed to provide this basis

through cost determination for each of the

following evaluation parameters:

1. Capital cost

2. Operating cost

3. Maintenance cost

4. Radioactive Product Characteri-

zation - volume and mass-chemical

stability-storage requirements-

isotope recoverability

5. Process Waste Characterization -

volume and mass - disposal proc-

essing requirements - storage re-

quirements

6. Process operability

7. Safety hazards analysis

8. Environmental effects

Equal health and safety costs will be

established for Items 6, 7, and 8 by engi-

neering design review, using a base process

for comparison. Output of the Figure of

Merit evaluation will be a single-dollar

value representing the net processing cost

per unit volume or mass of a specific un-

sorted radioactive waste. The evaluation

assumes that adequate waste matrix and final

product definitions are available for waste

disposal systems to permit a wide range of

applications throughout the nuclear industry.

C. Pre-Facility Installation and Studies

Several components similar to those

in the proposed TDF process train will be

assembled and operated prior to completion

of the facility. These pilot studies are

designed to provide operating experience and

preliminary evaluation data for selected

major system components. Systems to be

tested include (1) waste sorting and feed

preparation, (2) incinerator feed systems,

(3) incinerator, and (4) ash removal and

handling equipment. Information gained in

these preliminary studies will provide valu-

able operations and design input for equip-

to be installed in the TDF.

Feed Preparation. Pre-facility feed

line studies will be conducted to define

equipment design parameters and operating

conditions required to sort, shred, and

compact waste to be fed to the incinerator.
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A one-sided roockup of the process receiving,

sorting, and feed-preparation line will be

fabricated of plywood. Glove ports will be

installed to provide operating personnel

experience with TDF glovebox operation and

maintenance. Maintenance and operating re-

quirements for mechanical equipment includ-

ing a shredder, compactor, and crusher will

be evaluated. Final design of the TDF fa-

cility gloveboxes and/or contained equipment

will be modified as indicated by the results

of these mockup tests.

Incinerator. The commercial inciner-

ator purchased for the TDF prefacility

studies is of conventional dual-chamber de-

sign. It is manufactured by Environmental

Control Products, Inc. (ECP), and is similar

to models currently in use for combustion

disposal of a variety of municipal, indus-

trial, and pathological solid wastes. Under-

fire air is utilized in the lower (igni-

tion) chamber to incinerate the charged

solid wastes under starved-air or pyrolysis

conditions. Additional air is admitted in

the passage between the two chambers, per-

mitting complete combustion of pyrolysis

products and entrained solids in the upper

(combustion) chamber. Low-intensity,

natural-gas fired burners provide the heat

required to ignite the waste, sustain com-

bustion, and maintain the desired temper-

atures throughout the system.

Auxiliary equipment purchased with the

incinerator includes a ram feeder assembly,

complete with safety interlocks and flash-

back suppression system; an ash dropout

port; and a modular vacuum ash removal sys-

tem.

The incinerator chamber shells and

other primary structural components are fab-

ricated of carbon steel.

The two primary combustion zones and the

exhaust duct immediately downstream of the

upper chamber are lined with 12.7 cm (5 in.)

of high density, 1649°C (3000°F) plastic re-

fractory, backed with 5.08 cm (2 in.) of

mineral wool block. A temperature of 121°C

is predicted for the exterior surface when

the interior chamber is operating at 1093°C

continuous service. While this quantity of

refractory and insulation is greater than

that normally specified for industrial in-

cinerators, the conservative design will

reduce temperature, and thereby heat losses,

which will provide several benefits for

incineration of radioactive waste. Not only

will the equipment be safer to operate and

consume less auxiliary fuel, but the system

will be more ireadily adaptable to operation

within secondary containment, placing a low-

er heat load on the ventilating air stream.

Initially, pre-facility incinerator

operation will not include off-gas cleanup

equipment; however, use of the double cham-

bers in this incinerator should ensure com-

plete combustion of particulate matter. The

incinerator will have a very small amount of

particulate and no unsaturated hydrocarbons

in the incinerator off-gases.

An adequately sized, refractory-lined

stack has been purchased to provide neces-

sary system draft. Under maximum firing

rates, the ignition chamber operates at a

negative pressure of 0.25 cm (0.1 in.) water.

At the reduced charging rates proposed for

the prefacility studies, pressurization of

the ignition or combustion chambers is an

unlikely possibility.

Combustion controls supplied with the

incinerator meet Factory Insurance Associ-

ation (FIA) requirements for natural-gas-

fired industrial equipment. Should flame-

out or power failure occur, the gas supply

is immediately shut off and no additional

waste can be charged. Combustion of the

waste present in the incinerator will be

sustained at a reduced rate due to air in-

duced by natural draft. An orderly burnout

with no hazardous pressure buildup is antici-

pated. Additional safety features include

interlocks between the guillotine charging

door and ram feeder. Waste cannot be intro-

duced when ignition chamber temperatures are

above or below preset temperature limits.

Further, an ultraviolet flame scanner in-

stalled in the ram feeder front-end will
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activate a water spray system should flaming

material be drawn out of the ignition cham-

ber by the retracting ram face.

The TDP prototype incinerator, while

representing conventional industrial tech-

nology, incorporates several LA3L-requested

modifications to meet the particular needs

of the development program. Careful review

of the incinerator design, which included

a conference with ECP's engineering and

production personnel at their Charlotte, NC,

plant, resulted in the following design

changes:

1. Oversize doors were included it-

each chamber to provide ample

access for simulated remote

operations including ash and

partially-burned charge removal.

2. Sight ports with protective blast

gates were added in each chamber

to permit observation of the in-

cinerator interior during operation.

3. Gas sampling ports were located

between the two chambers and at

the exit from the upper chamber.

4. Application of an industrial mastic

stack coating was specified for all

interior metal surfaces of the in-

cinerator, doors, and stack to

minimize corrosion from acid gases

present in the combustion process

effluent. The mastic layer (0.5-0.6

cm {3/16-1/4 in.]) thick will be

located between the refractory and

metal shell and will act as a dif-

fusion barrier to combustion gases.

Metal attack from acid condensate

will thereby be greatly reduced.

5. A flanged, 15-cm (6-in.) nozzle was

added to the lower chamber to permit

evaluation of blow feed as an al-

ternative to ram feeding. This will

allow shredded waste to be blown in-

to the ignition chamber tangential-

ly at a point immediately adjacent

to the normal charging door.

6. Dimensions of the ash dropout ori-

fice were increased over normal ECP

design to include the entire floor width in

the ignition chamber. This should provide

improved ash removal efficiency with the ram

feeder in use.

D. Experiments

Feed Preparation. The mock-up feed

preparation glovebox train will be operated

with nonradioactive waste to determine

1. the adequacy of glovebox and in-box

equipment design for receiving, un-

loading, and sorting of waste;

2. the operating characteristics of

shredding and compacting equipment

(i.e., throughput rates, product

characteristics) in processing in-

dividual and combined constituents

of several waste matrices;

3. ease of maintenance of in-box e-

quipment including minor repair

operations (gasket and bearing re-

placement) as well as routine main-

tenance (lubrication, cleaning, and

sharpening);

4. the operating conditions necessary

to obtain feed reduction and degree

of compaction compatible with in-

cinerator feed requirements.

Completion of this series of tests

should provide specific glovebox and in-box

equipment design recommendations as well as

feed characterization data for a range of

equipment operating conditions.

Incineration. Following equipment as-

sembly and instrument checkout, the inciner-

ator will be operated on a "shakedown" basis

with the ram feed and vacuum ash removal

systems to obtain general operating experi-

ence. Four or five single-shift runs will

be required, during which sawdust or similar

cellulosic material will be charged to the

incinerator. Combustion conditions (i.e.,

chamber temperatures and excess air) con-

sidered standard by the manufacturer will be

maintained. In addition to gaining oper-

ations experience, these early runs will be

used to determine operability of the in-

cinerator train, adequacy of sampling and

analytical equipment, and adequacy of
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combustion control instrumentation. Prob-

lems encountered during these runs will be

identified and corrected as indicated. Mod-

ifications, deletions, and additions to the

initial equipment supply are normally ex-

pected.

Upon completion or these initial test

runs, development runs will be conducted to

define the functional dependence of the com-

bustion process on operating and feed com-

position variables. System responses in-

cluding combustion efficiency, throughput

rate, particulate loading and size distri-

bution, and off-gas composition will be

determined as a function of chamber temper-

ature, excess air, and waste feed composi-

tion. Evaluation of alternate feed intro-

duction and ash removal methods will follow

determination o±. optimum combustion oper-

ating conditions.

Process Studies. The processes to be

installed in the TOF will be designed to

handle wastes from "typical" transuranic

operations at contractor sites. These

wastes vary between contractor sites but

may be characterized on the basis of origin,

i.e., laboratory, line or process, and con-

struction.2 (See Table III.)

A single Design-Basis waste composition

has been defined for the primary purpose of

incinerator and off-gas system design. The

waste, shown in Table IV, specifies the an-

alysis which was used to obtain the heat and

material balances required for equipment siz-

ing at the design feed rate of 45 kg (100

Ib/hr). Performance criteria developed for

the individual system components specify

that each must be capable of handling solid

waste or the resulting off-gases conforming

to this feed analysis. Further, an ac-

ceptable throughput "turn down ratio" and

operating flexibility have been specified.

The Process Design Criteria Document

(ENG-6-D-C-305) for the initial process to

be installed in the TDF was published July

1974. A schematic flow diagram is shown in

Fig. 5. Major system components are a dual-

chamber incinerator, combustion gas quench

TABLE I I I
COMPOSITION RANGES OF TYPICAL TRANSURANIC WASTE

Component

taper and
Plastics
Jtubber
tiabcr

(Might percent)

laboratory
Rags 10-60

5-60
5-30

Dirt and Concrete
Metallic* and Glass 5-SO

Line or
Process
10-40
30-40
10-45

«
—

30-40

Construction
5-20
5-30
5-20
5-30
5-60

10-50

chamber, venturi scrubber, and packed-column

scrubber. High-temperature combustion gases

will be cooled to saturation conditions by

water sprays in the quench chamber. Par-

ticulate removal will be effected in the

variable throat venturi scrubber. Hydro-

chloric acid (and to some extent any other

acids which may occur) will be removed in

the packed column by countercurrent contact

with fresh water. Scrub solution, cooled

in the graphite heat exchanger, will be re-

cycled to the quench chamber and venturi

scrubber. A full-flow filter will be pro-

vided in the scrub solution recycle line to

remove suspended particulates which might

plug the quench chamber or venturi spray

nozzles. Process cooling water will be

circulated to an evaporative cooling tower

to minimize liquid effluent discharge. Scrub

solution blowdown will enter a holding tank

where caustic may be added prior to dis-

charge to the LASL liquid waste treatment

facility. The system will be built with the

necessary flexibility to permit the addition

or deletion of selected components in the

process train.

TABLE IV

DESIGN BASIS INCINERATOR FEED

Conponent
Paper and Rags
Plastics

Polyethylene
Polyvinyl chloride

Rubber

Total

Height Percent
35

23
12
30

100
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Emergency
Quench Water

Fresh Water
Make-Up

D I.D. Fan

Ash Removal

Ignition Chamber
-Cyclone
Separator
(Future) Z

-Mist Eliminator

Packed Column

Acid Waste
Cooling Water Out.

-Cooling Water Jn
-Heat Exchanger Pump

Fig. 5. Flow sheet of TDP process.

The rationale for installation of in-

cineration as the first TDF process was

presented in the Conceptual Design Document.

To paraphrase comments contained in that

document, incineration was recommended for

the following reasons:

1. Incineration remains the primary

method for volume reduction and

chemical stabilization of com-

bustible solid waste. As such it

is the logical choice as a re-

ference process for the evaluation

of all proposed processes.

2. Prior operational problems, as en-

umerated in the General Manager's

Task Force report on radioactive

incineration, are technical prob-

lems rather than basic process

faults.

Every incinerator of substantial

capacity installed for radioactive

service, particularly for TRU-

contaminated waste, has been in-

stalled as a production facility,

under the rules and pressures of

production operations. This record

strongly suggests that an experi-

mental study of incineration, not

constrained by the rigors of pro-

duction, be carried out to opti-

mize methods of treatment.

At this time no apparent process

has a marked advantage over in-

cineration as a method for radioac-

tive waste treatment.
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Selection of a specific incinerator

design for the TDF was constrained by the

need to implement a contaminated waste

treatment study program without undue delay.

Recognizing that several promising alternate

processes exist or are under development,

each system was evaluated regarding the time

required to allow proper engineering of a

production-scale 45 kg (100 lb /hr ) plant.

Of those systems meeting this criterion, the

dual-chamber design was judged the best

choice for detailed evaluation based on suc-

cessful industrial application to a wide

variety of solid waste disposal problems.

Final selection of a specific inciner-

ator for the TDF and associated feed and

ash removal systems is being deferred and

will depend on the outcome of prefacility

studies (see Section D-2). Based on oper-

ating experience gained in those studies, a

completely different design or, conceivably,

the design ch- i••-t:<-eristics of the prefacili-

ty incinerat r, nw. '>e specified for in-

stallation i;. the TDF.

Off-gas train components included in

the initial TDF process represent conven-

tional air pollution control technology.

While truly standarized industry-wide de-

signs do not exist for most of the com-

ponents, it should be possible to obtain

competitive proposals providing equivalent

performance. Performance specifications and

requests for bids have been submitted fcr

all major system components and many of the

peripheral components. Some bids have been

received. However, a disappointingly small

percentage of positive responses has been

obtained from equipment vendors. Completed

bids are currently being evaluated and,

where necessary, specifications are being

rewritten to improve vendor response. Pur-

chase ordexs will be placed after careful

study and necessary design adjustments are

completed.

The selection of the second alternate

process is critical to the success of the

TDF waste management program. As emphasized

in the Conceptual Design Document, the time

interval required for study of the initial

incineration process will provide adequate

time for development of the promising can-

didate processes mentioned earlier. Op-

erating experience gained with the inciner-

ation process should provide a firmer evalu-

ation basis for selection of the second

demonstration scale process. Both industri-

ally available and cr.itractor-developed

processes will be given careful consider-

ation in the review of available technology

during selection.

E. Preliminary Safety Analysis Review - PSAR

The Preliminary Safety Analysis Report

for the TDF was completed September 16, 1974,

and forwarded to the Albuquerque Operations

Office (ALO) for review. Review comments

were received on October 23, 1974. Comment

revisions are currently 90% completed. They

will be resubmitted to ALO in January 1975

for preliminary approval prior to final

publication.

III. EVALUATION OF TRANSURANIC-CONTAMINATED

RADIOACTIVE WASTE DISPOSAL AREAS A414*

(M. Wheeler, A. Gallegos, w. Whitty,

G. Maestas, W. J. Smith, B. Perkins)

The overall structure of the Environ-

mental Studies radioactive waste manage-

ment risk-analysis program is graphically

depicted in Fig. 6. The various biotic and

abiotic components of the ecosystem have

been divided into six "compartments"—

ATMOSPHERE, LITHOSPHERE, HYDROSPHERE,PLANTS,

ANIMALS, and MAN. The transfer (dotted

arrows) and exchange (solid arrows) of ma-

terial between these compartments are de-

scribed herein by several different models

involving both physical and biological trans-

port mechanisms. The names of the various

submodels are indicated on the appropriate

*In previous progress reports this program
was entitled "Evaluation of Plutonium-
Contaminated Radioactive Waste Disposal
Areas with Respect to Their Potential Haz-
ard and Eventual Disposition." The title
has been changed for consistency with re-
ports made to ERDA and to facilitate
reference.
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(

HERBIVORE
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I \ /^v-AQUATIC }f- INHALATION
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Y
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-HERBIVORE\
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Fig. 6. Risk Analysis Model schematic.

arrows, '-'oneralization of the overall model

is accomplished by simply replacing or modi-

fying individual models to reflect specific

site, or problem, conditions which may dif-

fer from the present analysis.

Requisite to modeling the movement of

any radionuclido through the ecosystem to

man is defining the processes by which these

materials might leave the waste burial sites.

This definition includes identifying the

specific mechanisms involved, their rat*s of

occurrence, the probability occurrence, ano

the physical and chemical form of the nu-

clide when it enters the ecosystem.

The processes may be summarily divided

into two categories: natural phenomena,

more or less independent of human advertent

activities; and advertent acts by man, this

latter category including such things as

war, land excavation, sabotage, etc. Those

processes which have been significantly de-

fined by this program to date fall into the

former category. The natural phenomena

processes are generally independent of
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laboratory controls and are treated as oc-

curring at essentially a constant rate on a

geologic time scale.

The natural phenomena release mecha-

nisms described herein include erosion and

acute exposure or releases by earthquakes,

meteorites, and tornadoes. Discussion also

includes the natural transport mechanisms,

broken down into roughly two categories:

interregional transport, predominately by

physical phenomena such as soil erosion into

surface water and atmospheric resuspension

and dispersion; and intraregional transport,

characterized by biological and food chain

vectoring mechanisms.

A. Release Mechanisms

1. Water-Related Release Mechanisms.

Erosion is the main release mechanism

through which presently buried waste materi-

al could be exposed at the surface, due to

the removal of surrounding soil and rock.

Two types of exposure are included in this

process: chronic erosion of the mesa sur-

faces and side walls, eventually making the

waste available to surface and airborne

transport; and acute exposure related to

earth movements or other natural phenomena.

Since it is assumed here that once the waste

is exposed at the surface the erosional

transport processes of the waste are simi-

lar, three processes must be evaluated: 1)

chronic erosion of the fill material and the

tuff surrounding the burial pits, 2) pro-

bability and magnitude of natural phenomena

producing acute exposure, and 3) the air/

water transport rate following exposure.

Many possible release mechanisms in-

volve water as a mobilizing or transporting

medium (see 3. 7). Various radionuclides

are soluble in water to varying degrees and

will migrate at a rate equal to or less than

the water migration rate. In addition,

radionuclides may be absorbed onto soil or

other solid particles and can be physically

transported by water or other erosive agents.

UNSATURATEJJD
FLOW ^

/ M A I N \
{ AQUIFER /*• — -̂  ^

lATURATED
LOW

Pig. 7. Water as a transporting medium.
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a. Chronic Erosion

Chronic erosion can be subdivided into

two processes, vertical downcutting of the

surface of the mesas and lateral erosion of

the sides of the mesas. Estimates of verti-

cal erosion at the burial sites are based on

estimates of the quantity of material re-

moved from the mesas since initial placement

of the tuff. The tuff has been subdivided

into numerous flow units, and ths initial

thickness of the units at various locations

has been estimated. Radiodating has deter-

mined that the tuff was deposited approxi-

mately one million years ago. On this

basis, the vertical erosion rate at Area G

has been estimated as 2.2 cm/1000 yr . Ob-

servations of the ruins of Indian pueblos

inhabited around 1400 AD, located on mesa

tops near Area G, indicate that little if

any change has occurred in the land surface

since that time. Checkdams and the re-

sulting agricultural terraces in small

arroyos that were built during this period

are still in evidence. In some places the

original floor of a dwelling is at the same

level as the land surface presently outside

the dwelling.

The estimated erosion rate pertains to

the solid tuff presently exposed at Area G.

Radioactive waste at Los Alamos is placed

in pits excavated in the solid tuff. The

waste is buried in layers, with a thin cover

of crushed tuff separating layers of waste.

When the pit is filled to within about 1 m

of the rock surface, a final layer of crush-

ed tuff is applied and extended to at least

1/2 m above the tuff surface at the edges

of the pit. Commonly, this final cover ex-

tends to one or more meters above the waste

at the center of the pit. This consoli-

dated cover material is more erodable than

the tuff, but no specific information is

available on its removal rate. The best
o

information available to date is based on

stream sediment data for a variety of cli-

mates and land types, and projects an aver-

age denudation rate of 26 cm/1000 yr for

unconsolidated material in arid and semiarid

terrain.

Lateral erosion of the mesas results

from the expansion of the adjacent canyons;

the rate of expansion is estimated by meas-

uring the width of the canyons at various

points and assuming the rate of expansion

to be relatively constant over the last

million yr . Application of this technique

to the canyons adjacent to Mesita del Buey

(Area G) results in a calculated erosion

rate of approximately 10 cm/1000 yr .

Erosion of the sides of the mesas oc-

curs primarily as successive slumping of

blocks of tuff into the canyon and the sub-

sequent degradation oi these blocks by vari-

ous weathering agents. Thus, it can be

characterized as a series of quantum jumps

controlled in part by the the fracture

spacing in the tuff. The size of the jumps

varies considerably, but in general the

slump blocks are on the order of a meter or

less thick, averaging perhaps .50 m. Thus

several thousand yr might elapse between

erosion increments at any one place. This

quantum nature of the lateral erosion proc-

ess renders it difficult to verify an aver-

age rate by short-term investigation, even

on the time scale of archaeological evidence.

b. Exposure Times

The initial stages of erosion will be

governed by the compactness of the fill

material. However, once the tuff is ex-

posed around the edges 'of the pit, its erod-

ability will be the governing factor. Using

the estimated erosion rates discussed above,

the time required to expose the waste by

vertical erosion would be:

T = 100 cm i 26 x 10"3 cm/yr + 100 cm : 2.2

x 10 cm/yr = 50 000 yr .

The pits are located no closer than 15

m from the canyon rim and are generally at

least 30 m from the rim. As the magnitude of

the erosion increments of the sidewalls is

relatively small compared with this separ-

ation distance, it is reasonable to treat

the erosion as occurring at a uniform rate.
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Using the 15-m separation distance, the

time required to expose the waste through

lateral erosion is T = 1500 cm f 10 x 10~3

cro/yr = 150 000. Thus, estimates indicate

that the waste will be exposed more rapidly

by vertical erosion than by lateral.

Summarily, if the estimated average

rate of erosion for the past one million

yr continues, the surface of the wastes

will be exposed in approximately 50 000 yr .

Lateral erosion will permit transport of the

waste to adjacent canyons in approximately

150 000 yr . During the 100 000 yr follow-

ing surface exposure, an approximate 2-m

thickness of waste will be eroded from the

burial pits. The average thickness of waste

material in the pits is about 6 m, so this

thickness represents about one-third of the

waste in the pits.

c. Moisture Conductivity

Water moving into the waste from the

surface will dissolve a small fraction of

the radionuclides; the concentration of

contaminant in the water being dependent

upon the chemical form and quantity of the

nuclides. This contaminated liquid may

migrate either up, down, laterally, or not

at all. The movement of water through po-

rous materials can be described by

q = -K(0)AH/AS (1)

where K(o) is the hydraulic conductivity,

&H/&S is the total energy gradient of water

in the direction of flow, and q is the flow

per unit area perpendicular to the direction

of flow.

The moisture movement will initially

occur in the unsaturated phase; however, if

sufficient moisture is present to fill the

pore space of the soil or rock, movement

will be in the saturated phase. The hy-

draulic conductivity of porous materials

varies with the moisture content of the

material. If the material is saturated,

flow occurs as bulk movement through the

pore space. Reduction of the water content

below saturation decreases the number of

filled interconnected pores, with a con-

sequent reduction in the conductivity. As

the water content is decreased still fur-

ther, a point is reached at which liquid

flow occurs exclusively through thin inter-

connected water films on the internal sur-

faces of the material. Continued decrease

renders even these films discontinuous and

moisture movement occurs only as vapor dif-

fusion through the pores of the material.

Typically, the hydraulic conductivity

of a material varies by many orders of

magnitude as the water content is reduced

from saturation to zero. Thus, in order to

calculate the flow rate of moisture through

porous materials with some degree of ac-

curacy, it is essential to know the re-

lationship between water content and hy-

draulic conductivity for the material.

The energy gradient of water in porous

materials is the result of spatial varia-

tions in the energy status of the water,

which is affected by many things. In gener-

al, the only factors of concern in ^ield

situations are aravity and the ej-iect of the

soil or rock material on the water. Water

is held in the interstices of porous materi-

als by adhesional and cohesional forces.

The lower the water content, the more tight-

ly the water is held by the material and the

lower its energy. Thus, in a uniform rock

or soil material, water will move from re-

gions of high water content to regions of

low water content. In saturated materials

these forces are small compared with gravity,

and water will move preferrentially in the

vertical direction. In unsaturated materi-

al the forces holding water within the soil

or rock are generally many orders of magni-

tude greater than gravitational forces, and

these energy gradients are primarily respon-

sible for water movement.

The relationship between water content

and the energy of the soil water is referred

to as a "soil moisture characteristic." If

the measurement of this relationship in-

volves a continuing reduction in water con-

tent, the relationship is termed a "de-

sorption isotherm," There is some degree of
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hysteresis in the soil moisture character-

istic; a wetting soil will hold less water

at a given moisture potential (energy of

the soil water) than will a drying soil.

However, the magnitude of t' a hysteresis is

sufficiently small to allow use of only the

desorption isotherm for most field appli-

cations.

The desorption isotherm is measured in

the laboratory through use of a Pressure

Plate Extractor. A soil sample is brought

to any desired moisture potential below the

saturated value and the water content of the

sample determined. Measurements of this

sort have been made on solid tuff taken from

a disposal site and on the crushed tuff

being used for covering and filling the

waste pits. The results of these measure-

ments are presented in Fig. 8 along with the

desorption isotherm for a typical sand for

comparison. Throughout most of the moisture

content range both the crushed and solid

tuff will hold more water at a given poten-

tial than will a typical sand, indicating

100

§ 90

1 80

o

the presence of smaller pores in the tuff

material. Further, the solid tuff will

generally hold more water than the crushed

tuff.

The conductivity of a porous material

is controlled in part by the pore size dis-

tribution of the material; a dominance of

large or small pores will increase or reduce

the conductivity proportionately. The shape

of the desorption isotherm reflects this

pore size distribution and can be used to

determine the relationship between water

content and hydraulic conductivity. This

technique was applied to the desorption

isotherm measured for solid and crushed tuff.

The results of the calculations and, for

comparison, those for sand are presented in

Fig. 9. The conductivity of the solid tuff

is the lowest throughout most of the mois-

ture content range, with sand having the

highest conductivity. At low moisture con-

tents the conductivities of all three materi-

als are similar, as moisture flow at the low

moisture contents is primarily film flow and
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Fig. 9. Soil conductivity for solid tuff,
crushed tuff, and sand.

the size and shape of pores has little af-

fect on the conductivity relationship.

Moisture Flux. Determination of the

quantity of water moving out of the dis-

posal pits toward the main aquifer requires

elaborate, precise measurement of the energy

gradients beneath the disposal pits to

depths of tens of meters. An alternative

approach is that of determining the quantity

of water moving into the waste from the

surface; the magnitude of that value will

provide an upper limit on the amount of

water moving downwards from the waste. If

the conductivity function for the material

is known, the amount of moisture moving into-

the solid waste burial pits can be deter-

mined from Eq. 1 by field measurement of

the energy gradients in the fill overlying

the waste.

Laboratory measurements of the con-

ductivity provide an estimate of a value

which can be used for field problems. Ex-

periments are currently being developed at

the LASL for direct field measurement of

energy gradients.

Moisture content can be readily meas-

ured, and the data are then used to deter-

mine the moisture flux. Measurements of

moisture content were made in the fill over-

lying two waste pits in Area G duriny 1974.

The pits were filled in the early 1960s and

have remained essentially undisturbed since.

Measurements were made in access holes with

a neutron thermalization probe to depths of

6 m. (The resolution of the probe used for

these measurements is the range of ±5%).

Data from two of these holes are presented

for the period January through October 1974,

with a record of precipitation at White Rock

(about 3 km distant from the disposal pits)

in Fig. 10. The response of soil moisture

changes to precipitation is evident.

It is apparent that little if any

moisture content variation occurred below a

depth of about 6 m in Hole G-l and below

3 m in hole G-3a. The upper portion of the

profile reflects moisture inputs and loss

in response to meteorological conditions.

The moisture content for the period January

to October 1974 for two depth intervals,

0-2 m and 3-6 m in Hole G-l, was used to

determine the corresponding moisture poten-

tial through use of Fig. 8. The average

water content of the midpoints of the in-

trevals (1 and 4 m, respectively) was used

to determine the conductivity of the inter-

val through use of Fig. 9. Equation 1 was

then used to calculate the flux through the

two intervals as presented in Table V. A

positive or upward flux of about 1 cm of

water was determined for the 1-m depth and

a negative or downward flux of about 0.16 cm

at the 4-m depth.

21



21

20

IS

IS

17

16
15

14

13

12

21

10

9

s
S 8
1 7

2.0.

5 1.5 •

S 0.5-

JjouG-1
- • - 0 - 1 HETER
-»- 1 - 2 HETER
•O- 2 - 3 HETER
-*- 5 - 6 METES

HOLE G-3A
0-1 HETER
2 - 3 HETER

J F M A M J J A S O

JL I ,

PRECIPITATION

MHITE ROCK, N.H.

TOTAL

15,1 CM - 1/1 -
10/11)

Fig. 10.

1M

Response of soil moisture
changes to precipitation.

The observed moisture gradients are in

the same range as the magnitude of error in

the measuring equipment, which could obviate

the calculations. Exact computation of the

fluxes requires the application of a finite-

difference flow model (presently being de-

veloped) . Therefore, although these calcu-

lations are admittedly of an approximate

nature, the procedure is sufficiently exact

to permit general conclusions.

The bulk of precipitation (approxi-

mately 15 cm for the study period) either

produced surface runoff or was temporarily

held in the upper several meters of the

fill. No significant amount of water moved

downward at the 4-m depth. The moisture

content at some depth below 1 m (perhaps up

to 5 m) remained essentially constant with

time. Summarily then, a small flux of

moisture, on the order of a fraction of a

centimeter of water per year, may occur

through the interval. The remainder of the

water entering the surface is returned to

the atmosphere by evapotranspiration.

The fate of moisture moving below the

5-m depth in the vicinity of Hole G-l could

not be determined at this time. Experiments

are underway to study potential gradients to

depths of 50 m to ascertain the rate and

direction of any movement away from the dis-

posal pits. It is possible that climatic

variations will produce a cycle similar to

that observed for this 10-month study. This

could result in a long-term cycling of water

through some deeper interval with no net

downward movement towards the perched or

main aquifers in the area.

The remaining transfer mechanisms shown

in Fig. 7 have not been quantitatively e-

valuated to date. Estimates can be made of

water movement rates through the perched

and main aquifers, but these values are

irrelevant if contamination is not reaching

Depth
In te rva l

(ra)

0-1

1-2

2-3

Mean
Depth

(m)

.5

1.5

2.5

Az
(m)

1.0

Moisture
Content
(% s a t . )

17.4

19.2
12.4

TABLE V
MOISTURE FLUX CALCULATIONS

Potential,
H

(bars)

-1.1

- .84
-1.8

Average
Moisture

Content for
Interval
(% sat.)

18.3

Hydraulic
Conductivity

K(9)
(cm/day)

0.0013

Gradient
AH/iS

(bars/meter)

-0.26

Flux, g
(cm/day)

+0.0034

Total Flux
for Period

(cm)

+0.88

3.0 11.2 0.0002 +0.30 -0.0006 -0.16

5-6 5.5 9.9 -2.7
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these bodies of underground water. Some

information is available on sediment trans-

port in the canyons tributary to the Rio

Grande, and more work is planned on describ-

ing that phenomenon. Similarly, work has

been done on sediment transport in the Rio

Grande and the interaction of the river and

adjacent groundwater systems.

2. Acute Exposure Release Mechanisms

a. Earthquake

An earthquake of sufficient magnitude

(Richter 4.0 or higher) could be expected

to cause vertical and/or horizontal dis-

placement of the original surface of the

earth. The objective of the investigation

of earthquakes as release mechanisms is to

determine the probability of waste being

released from a disposal site.

Los Alamos is located in the Espanola

structual basin of the Rio Grande rift zone.

The zone extends from Monte Vista, Colorado,

to Fort Quitman, Texas; the basin extends

from northeast of the town of Espanola

southwest to the vicinity of Santo Domingo,

where the rift zone widens into the Albu-

querque-Belen basin. It is bounded on the

west by the Nacimiento-San Pedro Mountains

and on the east by the Sangre de Cristo

Mountains. The formation of this rift zone

and the accompanying uplifts are believed

to have begun during the Oligocene (28-40

x 10 6 yr ago) due to the collision of two

continental plates. As plate movement is

still occurring, the rift zone is con-

sidered to still be in a formative state of

development.

The western margin of the basin, in

the Los Alamos area, has been partly covered

by the late Pliocene and Pleistocene vol-

canic rocks of the Jemez sequence. However,

several prominent faults (which parallel the

basin margin) have been identified at the

surface in this area. The location of these

faults is shown in Fig. 11 and their length

and displacement are given in Table VI. The

existing fault and joint pattern in the Los

Alamos terrain would be expected to dictate

TABLE VI
PARAMETERS Or FAULTS IN THE

VICINITY OP LOS ALAMOS

Name of Fault

Pajarito Fault

Los Alamos Fault

Guaje Mountain Fault

Water Canyon Fault

L in Centimeters

1.2 x 106

8.4 x 105

6.4 x 10 3

2.4 x 105

D in Centimeters

1.2 X 104

6.0 X 102

1.6 x 103

9.0 x 10 2

L and D are# respectively, total lencfht of the fault
trace and total displacement of the fault in centi-
meters .

Ref.-ll

displacement of the ground surface should

an earthquake occur (i.e., along existing

fractures).

Data on existing faults can be used to

obtain a conservative estimate of the impact

of earthquakes which would produce surface

displacement at a waste disposal site,

although there are no known faults in the

immediate vicinity of present burial sites.

From a study of lengths and displacements of

fault scarps associated with historic earth-

quakes, it was determined that the average

ratio of displacement-to-length for a single

seismic event is of the order of 10 . Since

the lengths and displacements of the faults

in the Los Alamos area are known, the average

displacement of a single event can be cal-

culated from the empirical formula presented

by King and Knopoff:

M L = 0.45 log1Q LD
2 + 2.23

where M^ is the magnitude of the earthquake,

L is the length of the fault in centimeters,

and D is the displacement of the fault in

centimeters. The magnitude can be related

to the displacement by use of the relation

between length and displacement mentioned

above. Substituting for L, the equation

becomes

M L = 0.45 log10 D
3x 10 4 + 2.22.

The magnitude of earthquakes required to

produce the average displacements along the

faults in the Los Alamos area is presented

in Table VII. The displacement for these

faults was measured on members of the Ban-

delier Tuff (part of the series of volcanic
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Fig. 11. Faults in the Los Alamos area

rocks which came from the Jemez volcanic

field). Thus, the faulting had to be more

recent than the deposition of the tuff. The

Otowi member of the Bandelier tuff has a

radiometric age of 1.4 x 106 yr . The lower

part (Tsankawi Pumice Bed) of the Tshirege

member has a radiometric age of 1.1 x 10

yr . Taking this latter date, a total of

133 earthquakes of an average magnitude of

6.7 (Richter) may have occurred along these

faults in the 1.1 x 106 yr . Or, an earth-

quake of magnitude 6.7 could be predicted

TABLE VII
EARTHQUAKE MAGNITUDES AND AVERAGE DISPLACEMENTS

ALONG LOS ALAMOS FAULTS

Fault

Pajarito

Lot Alamos

Guaje Mountain

Water Canyon

Average
Displacement,

One Event

120 cm

84 cm

64 cm

24 cm

No. of
Events

100
7
25

38

Average
Magnitude
of Events

6.8

6.6
6.S
5.9

J
for about once every 8200 yr , producing a

displacement on the order of 100 cm.

Material placed in burial pits in Los

Alamos is covered by a minimum thickness of

1 m of crushed tuft" (usually closer to 1.5

m). Thus if a burial site were located on

an active fault zone, a significant expo-

sure of the waste could occur on an average

oJ: once every 8000 yr . However, since

there are no known faults intersecting any

burial sites, expected earth displacement

would be predictably less than that for the

fault zone.

A study is ongoing using aerial photo-

graphs of the burial sites and surrounding

region to determine structure in the general

region. Particular attention is being given

to ascertaining the presence of faults with

very small displacement for information con-

cerning structures which are visible at the
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surface.

Other studies are underway at LASL

to provide data on structures which may not

be visible at the surface and to provide

comprehensive data on the seismology of the

region. Additional seismic stations are

being set up in the Espanola basin to moni-

tor the effect of impoundment of water by

the Cochiti Reservoir about 32 km southwest

of Los Alamos. The water will exert pres-

sure on the surrounding terrain that may

produce micro-earthquakes as a stress re-

lieving mechanism. Data from the seismic

stations will be used to determine geologic

structure which may not be apparent from

surface studies. The seismic network is

also expected to provide data on the magni-

tude vs time of seismic events. With a more

extensive knowledge of the geology cf the

area, a better assessment of containment vs

seismic events can be made.

b. Meteorite Impact

The impact of a sufficiently large met-

eorite at a LASL waste disposal site could

uncover radioactive material and make it

available, via a wind transport mechanism,

for distribution to the environment. Two

approaches can be taken to determine the

frequency of meteorite impacts on earth:

1) analysis of impact craters and 2) obser-

vation of meteorite falls.

An analysis of craters formed by meteo-

rites is being made to determine the prob-

ability of a meteorite impacting on a waste

burial site and exposing the waste. The

ratio of the depth of a meteorite crater to

its diameter has been found to be approxi-

mately 0.3(ref. 12). The minimum depth of the

cover material in Area G is approximately

1 m. Thus in order to uncover the waste a

meteorite would have to form a crater at

least 3 m in diameter. Further, Innes

states that the diameter of a spherical met-

eorite is approximately 1/40 of its crater

diameter for stone meteorites, or 1/56 for

iron meteorites. Stone meteorites have an

average density of 7.8 g /cm3. Thus in or-

der to have exposure of waste at the burial

site, a meteorite weighing at least 0.6 kg

would have to hit the surface of a waste .

burial pit.

Hartman13 studied the craters in the

Canadian Shield and estimated that the ter-

restrial cratering rate, for craters larger

than 1 km in diameter over the last 2 bil-

lion years, is 12 x 10~ 1 3 per km2 per yr.

An empirical formula proposed by Hartman for

the number of lunar craters as a function of

diameter is N D = kD where N Q is the num-

ber of craters D or greater in diameter and

k is a constant of proportionality. Follow-

ing Hartman, and later Gera and Jacobs,14

the application of this equation to data

from craters in the Canadian Shield suggests

that for each meteorite crater larger than

1 km there would be:

1000 m 2.4
1.1 x 10c

craters larger than 3 m. This figure and

Hartman's estimate provide a value of 1.3 x

10~6 meteorite impacts per km2 per yr great-

er than 3 m in diameter.

In addition, Brown15 has analyzed ob-

served meteorite fall data and has computed

the impact frequency of meteorites greater

than certain masses. His corrected calcu-

lations indicate a total of 4 x 10~6 impacts

per km2 per yr for meteorites of mass 0.6 kg

or greater, which is in agreement with the

calculations using Hartman's data and formu-

la. Thus both approaches indicate that the

estimated frequency of impact of a meteorite

falling at random, which could form a 3-m

diameter crater, is on the order of 10"6

per km2 per yr.

This number can then be used to esti-

mate the probability of a meteorite falling

on an operational section of Area G(approxi-

mately 0.1 km2 in area) and forming a crater

3 m in diameter. This preliminary probabil-

ity estimate, based on extrapolated data,

indicates 10"' impacts per year.
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c. Tornado
Tornadoes would not be expected to

uncover waste buried deeply below the sur-
face of the e*rtt>. However, they have been
included as release mechanisms since if
erosion or some other event exposed the ra-
dioactive waste material so that it was on
or near the ground surface, a tornado could
transport that material away from the origi-
nal burial site.

The United States leads the world in
both frequency and intensity of observed tor-
nados. There is, however, a sharp decline 6

in tornado frequency and severity between
the Central Plains and the Stocky Mountains
wherein they seldom occur and are generally
weak.

Since 1916, seven tornadoes have been
recorded in the one degree square of lati-
tude and longitude in which Los Alamos is
located. They were located in the east of
<-'.is area at lower elevations.17 Addition-
ally, one study reports that tornadoes arc
very rare above 2000 m in New Mexico. Con-
sidering a worst case situation which as-
sumes that seven tornadoes could occur with
equal probability in the one-degree area
during 48 years, the probability of a tor-
nado occurring in the operational portion
of Area G is l.S x 10~6 per yr.

Fujita18 investigated the tornado po-
tential of the Los Alamos area. His pre-
scribed design criteria for a maximum in-
tensity tornado are: maximum windspeed 90
m/s. rotational windspeed 76 m/s, transla-
tion speed 13 m/s, radius of circle of max-
imum rotational wind 30 m, maximum pressure
drop at center 5200 Pa, and maximum rate of
pressure change 2275 Pa/s. His investiga-
tions showed that both frequency and inten-
sity decreased very rapidly with increasing
mean elevation.

Studies of annual and diurnal varia-
tions of tornado occurrences in connection
with meteorological characteristics indi-
cate that tornadoes in mountainous regions
are spawned from premature thunderstorms
that develop earlier in the day than in

plains regions and arc considerably weaker
than the midw/stern storms. Thus it appears
that not only is the probability of the oc-
currence of a tornado small, but it would be
considerably weaker than those o.-curriny in
the Great Plains region.

Work remains to bo done as to what
maximum intensity wind speeds would bo nec-
essary to uncover wastes located at various
depths below the surface. Once this is
done, a total probability for transport by
tornadoes can be estimated.
B. Interregional Transport Models

Interregional transport can occur both
through physical and biotic processor. The
two principal physical processes of concern
here are soil erosicn into surface water ami
atmospheric rcsuspcajion ami dispersion.

Figure li present). a summary of rele-
vant surface water information in the study
area.19 surface waters are usad for crop
irrigation in several portions of the area,
principally along the »ain water courses.
North of Albuquerque, significant irrigation
in the study area utilizes surface water
only; downstream from Albuquerque, a siix-
ture of ground and surface water is used.
Transuranic elements deposited on the soils
in the study area en*-iif the water primarily
through tile mochanisms of erosion and sedi-
ment transport. The solubility of these
radionucit lea is very *ow and the nuclidcs
are strongly absorbed on soil material.
Thus, any transuranic material present in
the surface layers of soil can be expected
to be transported with the soil material.

Current information on erosion and
sediment transport in the study area is of
a general nature. No specific data on the
sediment yield are available. Sediment
sampling stations are maintained by the
USGS at several points in the atudy area,
as shown in Pig. 12. These stations can be
used to determine the average sediment yield
of the watershed above that point. How-
ever, the various portions of a given drain-
age area do not contribute equally to the
sediment derived from that watershed. The
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distribution depends strongly on

soil and rock types, slopes, composition of

material in the stream channel, distribu-

tion of runoff within tho watershed, and

mnny other factors. For the purposes of

this model, it will be assumed (with recog-

nition of the inadequacies of this assump-

tion) that tho sediment is derived uniform-

ly from the entire watershed.

Radionuclides deposited en the soil

surface by cither dry cr wet deposition

processes will be partially absorbed on the

soil surface and partially carried downward

into the soil profile by additional precipi-

tation. This downward migration results

from both dissolution of the radionuclides

by precipitation and by the mechanical trans-

port of the material through the soil pro-

file. The actual rate of this movement is

very difficult to predict. However, numar-

invefctigationit of the distribution of

Plutonium and other transuranics in soils

have yicrldod information on the depths of

penetration to bet expected. An analysis

was mad« ot th* depth distribution of fall-

out plutonium in soils in the Western and

Croat Plains State*.5"* In general, the plu-

toniuM concentration decreased exponentially

with depth, according to the relation CHI •

Atr"b* where A and b are «t*pir$cal constants.

The valHt «t th« half-dttpth tu.6»2/b) varied

fret* about. t.S to nearly 60 CM. Those dis"

tributions not conforming to this exponen-

tial forts tended t«* have «K>re plutoniu#> »t

depth than predicted by the equation. The

study provides no discussion nt the source

0j the observed variation in the distribu-

tion. However, it is reasonable to prosutw

th«t the Plutonium depth-distribution is

affected by vegetation and soil type, cli-

natie factors, and the tiar s.inc« original

deposition of the plutoniuM.

A* time passes, radionuclides in the

soil profile should migrate downwards, chang-

ing th« value of the half-depth at any given

location, eventually, if no now deposits

occur on the surface, successive layer* of

soil will reach an eqoiUbirum with the

radionuclides and the depth distribution

will become constant with tim*. Ko data are

presently available on the length of tin

required for this stability to develop.

It is convenient to use this approach

in modeling the redistribution and erosion

of any radionuclides deposited on the soil

surface. Erosion removes a surface layer of

soJ>,» depleting the total quantity in the

profile. At the same time, redistribution

depletes the amount available at the surface

for erosion. The following section provides

a discussion of a preliminary model used to

describe the time variation of the quantity

of a radionuclide removed from a soil pro-

file by surface erosion.

The concentration of radionuclides at

any depth and time is given by CU,t) -

Ae-b(t)s w n a r e c(s,t) is the concentration

at somtt time, t, and depth, s. The time
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dependence of b simulates the redistribution

of the raUionuclides in the profile.

The quantity of radionuclidc present in

a surface soil layer of thickness, So, at

any given time, t*, is given by:

A C"
b < t*' sf c(»)d« - r

<l - ';

where q is the quantity of radionuclide per

unit area anu ! o is the total present in the

profile at tine t*. The erosion of this

material occurs as a semi-continuous pro-

cess, but enn be most easily modeled as a

•cries of time-steps of sufficiently small

size that the value of b(t> does not change

during the time step. The quantity of ra-

dionuclidcs in the surface layer of thick-

ness, So, removed by erosion during a time

step, can then be subtracted from the total

present in the profile at the beginning of

the time step. Calculations of q for suc-

cessive time steps will simulate the time-

variation in the amount of radionuclide

eroded.

Sediment, and any associated radionu-

clides carried into a drainage-way, will be

gradually moved downstream by the normal

processes of sedimentation and erosion with-

in the stream channel. The presence of

reservoirs in the drainage-way will inter-

rupt the erosion portion of that cycle, pro-

viding a sediment trap for the bulk of the

material transported into it. The location

of significant reservoirs within the study

araa is shown on Pig. 7. These impondments

will be treated as collecting areas or fil-

ters, accumulating a significant portion of

the material entering from the upstream por-

tions of the watersheds. Thus, the various

watersheds in the study area have been divi-

ded into segments; the portion upstream

from a significant impondment and the por-

tion downstream from a significant impond-

ment. The surface water downstream from a

reservoir can derive radionuclides from ero-

sional processes in the downstream portion

of the watershed, and from the transport of

ine material through the impondment. An

estimate will be made of the collection

efficiency of the thrse major reservoirs in

the study area: Cochiti Lake, Abiquiu Res-

ervoir, and El Vado Lake.

The removal of radionuclides from a

portion of the study area was simulated,

assuming an initial deposition of 1 mCi of

plutonium per Jcm̂ . Sediment data were ob-

tained for a gaging station on the Rio Gran-

de7 near Embudo (Station 87, Fig. 5). The

data indicated that a 10-yr average of 3.8

x 106 cm3/km2/yr of sediment was removed

from the watershed. Assuming that the sedi-

ment was derived equally from all parts of

the drainage, this corresponds to an eroded

depth of 3.8 x 10~* cm/yr. The vertical

distribution of plutonium was assumed to

vary for a 20-yr period, and then remain

stable. The initial contamination was as-

sumed to be contained entirely in the upper

1 cm of the soil profile, and in the upper

100 cm after 20 yr. This relation is eas-

ily simulated by making the half-depth equal

to 0.1 cm at the start of the period, and

equal to 10 cm after 20 yr. The rate of

redistribution was assumed to decrease ex-

ponentially with time. These conditions

lead to the following values for the var-

ious parameters in the proposed model.

Initial concentration, Io=10~
6 Ci/km^

Erosion rate, Eo=4 x 10"^ cm/yr

Half-depth described by the relation

b(t) = 0.07 + 6.93e"0-02t2.

The resulting variation in the quantity

of a radionuclide eroded from the soil pro-

file is shown in Fig. 13. The quantity of

material entering the stream declines rap-

idly for the first 20 yr, and remains more

or less constant thereafter. The nature of

the decrease is strongly affected by the

assumption regarding the variation in the

depth distribution function.
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Profile of radionuclide erosion
from soil.

The average annual runoff passing the

Embudo gaging station is approximately 1 x

10 it . The resulting concentration of ra-

dionuclides in the stream originating with

the postulated contamination event declines

from 2.7 x 10" 1 7 Ci/1000H to one hundredth

of that amount after 20 yr . For comparison,

the recommended Maximum Permissible Concen-

tration (MPC) for drinking water is on the

order of 5 x 10"6 Ci/1000 I . 2 1

It must be emphasized that the forego-

ing calculations are illustrative only.

Further work is in progress to determine

realistic descriptions of the redistribu-

tion function and the erosive process.

C. The Biological Transport Model

In this report period, the risk analy-

sis study area was extended to include bio-

logical transport of transuranic nuclides.

Modeling efforts, including formulation of

the modules and compartments of the model

itself, data collection, and coding have

been initiated and are at varying stages of

development. This report focuses on current

progress in data collection and model

formulation.

The prescribed study area presented

too diverse a habitat for application of a

generalized biological transport model.

Therefore, for purposes of analyses, it has

been subdivided into 75 regions (Fig. 14),

each consisting of four townships (373 km2

[144 mi2l or about 1.3% of the 22 972 km2

[10 800 mi2] of land included in the study

area) (see Fig. 15). The possibility of

further subdivision of these regions, should

it become necessary, is not excluded.

1. Data Collection and Characterization

Specific information has been collect-

ed by the LASL staff for each region and

is presented in Appendix A, Table A-l.

These data include human and wildlife pop-

ulation distributions, areal climatology,

and the types of vegetation found in the

study region. Information sources include

USGS maps, the Bureau of the Census 1970

population survey, documents published by

the State of New Mexico, and literature sur-

veys. Appendix A, Table A-II, is a tabula-

tion of the agricultural products produced

in the study area. This information was sup-

plied by New Mexico State University (NMSU).

Future work in obtaining regional information

will include refinement of present estimates

as well as obtaining new information, such

as certain soil characteristics, for model

development. NMSU will supply additional

data on agricultural products and regional

cattle, sheep, and poultry population.

These data are being incorporated into

a biological transport model which will per-

mit estimation of the distribution and bio-

logical uptake of transuranics (including

cycling) following a postulated release of

activity. It should be emphasized that the

data given for each region are of necessity

averages, "smeared" over the total region.

This can be seen, for example, in the popula-

tion distribution implied for region 49.

This region contains the LASL site and the

population is actually located only in the

southeast quadrant of the region. Sub-cut

divisions of some of the main regions will
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orobabiy be necessary; for example, to es-

timate risk Cor inhalation. Thus, the size

of the subdivision used for the regional

approach will be defined, for each module,

as the largest workable-sized division.

Another factor in assessing the data

is the apparent anomaly which results from

averaging the distribution of vegetation

types over semi-arid are-a.

The data for vegetation types arc giv-

en as the dominant type of vegetation found

in that particular area of land. They do

not refer to the actual ground covered by

the plants themselves. The three major

plant associations in the study area do not

occur with the same fractional ground cover

and may vary from nearly 130% in dense

stands to less than 10% in marginal areas.

In addition, the ground cover lor native

grasses is quite variable and sensitive to

annual precipitation.

An absolute over index for a given

plant association is requisite to the bio-

logical transport model for transuranic

elements. This index is obtained by taking

the product of relative and fractional cov-

ers for the area in question and may be ob-

tained in several ways, depending on the

size of the area being studied and the de-

gree of resolution requited. Low-altitude

reconnaissance photographic techniques are

being applied to obtain this information

within the IASt-controlled areas.^- Gene-

rally, however, high-altitude satellite IR

and color composite imagery techniques are

probably best suited to cover the study area

due to its overall large size (EROS Data

Center, Sioux Falls, SB). This technique

relies on densitometric comparisons of the

images with field check information at

specified sites. Furthermore, by comparing

IR (band 5) images with color composites of

the same location, it may be possible to

identify the specific type of vegetation

present, as well as its fractional ground

cover. Satellite images of the study area

have been obtained in both IR and color

composite mode and the likelihood of

attaining the dei-ircd quantitative and

qualitative information using densitometric

techniques is now being evaluated. Similar

information will be obtained from band 7 for

determining surface water in the study area.

2. Model Development

The overall biological transport model

is depicted in Fig. 6 (j>. 10). six major

compartments are designated: ATMOSPHEHE,

PLANTS, ANIMALS, MAN. HYDROSPHERE, and

LITKOSPHERB. In order to reduce this model

to a workable form, a constrained model has

been depicted which indicates those path-

ways judged to be of chief importance in

the transport between comp.-.rtmcnts. The

dotted linos indicate unidirectional trans-

port, or flow; the solid lines indicoLo bi-

directional transport, or exchange. The

development of computer techniques for

simulating the transport of transuranics

through pnysical and biological pathways

within the study area has been organized

in a modular approach. These modules will

be used to describe the movement among the

various generalized compartments of the

ecosystem. The modules will be developed

independently and then interphased to

obtain a total physical and ecological por-

trait of the radionuelidps in the study area.

At present, the following modules are being

considered.

a. The Inhalation Module

The inhalation module will simulate the

deposition (for various particle size dis-

tributions) , and resulting retention and

distribution, of various transuranic radio-

active nuclides in humans and ruminants.

The possibility of using the INHALE III com-

puter code for assessing inhalation hazards

in humans was described in an earlier re-

port. ̂ its potential as a module in the

biological transport model is still being

evaluated. Factors such as program size,

sensitivity, and relationship to other mod-

ules of biological and physical transport

models will be considered to determine whe-

ther it can best be applied In to to or in

abbreviated form. Meanwhile, a simpler
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inhalation model is being coded for use with

ruminant*, and possibly with humans under

certain circumstances.

b. The Coniferous Forest Module

The coniferous forest module will sim-

ulate the uptake of Plutonium and other

transuranics by conifers, by tracing the

flow of these nuclides through roots, trunk,

and needles, and their ultimate return to

soil. This module is particularly impor-

tant since coniferous trees locally provide

a significant pathway for translocation of

buried radioactive materials to the surface.

This module has been coded and is presently

beinq evaluated.

c. The Herbivore Module

The herbivore module will simulate the

ingestion of radioactive nuclides into the

rumen tf livestock and deer, using the input

from the forage and coniferous modules.

This module will synchronize the range loca-

tion of livestock with seasor. In addition,

it will simulate uptake of transuranics

through ingestion of plants, water, and

soil. Once the radionuclides enter the

rumen of the animal, the module will sim-

ulate the retention and distribution of

these nuclides with time.

d. The Aquatic Module

The aquatic module will simulate the

uptake of transuranics by sport fish in the

study area. This will incorporate fish

harvest data in order to determine the

relative importance of this food source as

a means of transporting transuranics to

humans in the study area.

e. The Agricultural Module

The agricultural module will simulate

products grown in the study area that are

consumed there.

f. The Human Module

The human module will simulate the in-

halation and ingestion of transuranic nu-

clides by humans living in the study area.

It will attempt to simulate the assimila-

tion, retention, and distribution of these

elements, and the radiation dose accrued

from such contamination of tissues.

g. The Forage Module

The structure of the forage module is

illustrated in Fig. 16. The hexagonal box-

es represent portions of the plant or its

environment in which the Plutonium inven-

tory is simulated. The dashed arrows rep-

resent one-way transfers between compart-

ments, and the solid arrows represent ex-

chanoes. The various processes by which

these exchanges occur are indicated on the

arrows. The module is discussed in depth

in Appendix B. The following is a brief

summary of that discussion.

The forage module will serve two pur-

poses: 1) to simulate the exchange of

transuranic elements between PLANTS and

LITHOSPHERE (see Fig. 6) and 2) to provide

input for the herbivore module on the plu-

tonium content of native grasses. The mod-

ule may be simply described as a forage gen-

erator with provisions for describing plu-

tonium uptake by roots and leaves and its

ultimate transfer to the litter and soil

material. It simulates the growth and de-

velopment of warm and cold season perennial

grasses in the study area. Provision can be

made for annual grasses and herbs as re-

quired. (Shrubs which ordinarily grow in

grassland areas are considered in the coni-

ferous forest module.) Output from the for-

age module includes the time-variation of

Plutonium concentrations in the above ground

biomass, the roots, the soil in the root

zone, and in the litter and surface soil

layers under the plant.

By extension, the module is thus con-

cerned with simulating plutonium concentra-

tions in the forage of livestock and deer

in the study area, and as such interfaces

with the herbivore module in two ways. Pro-

visions are made for grazing by herbivores

with the resultant impact on plant growth

and development. The return of plutonium

to the litter, humus, and soil through ani-

mal waste is also simulated.

Inputs to the module include values of

atmospheric carbon, solar insolation, pre-

cipitation, and air temperature. These
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Fig. 16. Block diagram of the Forage Module.

inputs are modeled through consideration of

the long-term trends in the study area,

with the addition of a random-number scheme

to simulate their stochastic character.

The uptake and transfer of plutonium

in the module employ numerous coefficients,

the values of which were obtained from exis-

ting literature. Provision has been made,

however, for sensitivity testing of the mod-

ule to determine the importance of the var-

ious coefficients and to modify their value

as further information becomes available.

A simulation of the 20-yr variations

in plutonium concentration in the surface

soil layers and forage is presented in Fig.

17. The particular situation modeled repre-

sents a condition where contaminated soil

is covered by a thin layer of uncontaminated

material and then seeded with native

grasses. The contaminated soil in the root

zone is treated as a finite reservoir, and

since the quantity of activity removed from

it is quite small, its concentration does

not change significantly with time. The

activity in the forage material reaches an

equilibrium value quite rapidly, with the

uptake and loss of plutonium occurring at

nearly equal rates. Annual variations exist

as a function of precipitation, temperature,

and growth variations with time. The activ-

ity in the soil surface layers increases

with time, but the rate of increase decreas-

es with time. The recycling of the pluton-

ium to the soil from the herbivores is mod-

eled, so that the total quantity of radio-

nuclides in the system is depleted only by



Fig. 17. Simulation of 20-yr variations
in plutonium concentrations.

the exportation of herbivores from the graz-

ing areas. This quantity is small, and is

not evident on the plot in Fig. 17.

Once they are developed, the modules

will be incorporated into their appropriate

compartment and the total transport from

compartment to compartment will be simula-

ted. As this is a generalized system, the

biological transport model can be applied

to other situations where there may be po-

tential hazards arising from handling or

storage of radioactive wastes. In addition,

input parameters can be changed as better

data become available. To illustrate its

potential applicability to other situations

appropriate subroutines characteristic of

other ERDA sites could be incorporated into

this model, allowing an analogous tracing

of the distribution and ultimate dispersion

of transuranic elements following a postu-

lated release.

3. Instrumentation Development

a. Historical

In evaluating the risk to man from ex-

isting waste burial pits, the potential risk

for exhuming and reprocessing the wastes is

one facet under consideration. Any exhuma-

tion project will require sensitive radia-

tion assay systems for assaying the exhumed

material, protecting personnel, and monitor-

ing the containment of the operation. Re-

cent LASL experience has indicated a de-

ficiency of appropriate instrumentation.

Existing methods for assaying contami-

nated soils fall into two groups: 1) sur-

veys with field instruments and 2) chemical

analyses. A field instrument survey is cap-

able of giving a rough indication of eleva-

ted plutonium concentrations within a few

minutes. However, poor detection sensitiv-

ities and problems with calibration preclude

activity measurements in the needed range

between background and a few hundred pCi/g.

Chemical analysis, on the other hand, per-

mits determination of contaminant concen-

trations at the fractional pCi/g-level, but

requires several days and a considerable

investment in laboratory space, supplies,

and equipment. There is a need for instru-

mentation that will fill the gap between

these two extremes. Detection limits well

below those of present field instruments,

and assay times much shorter than those re-

quired by chemical procedures are the desir-

ed attributes. One instrument with such

characteristics was utilized during recent

radioactively contaminated soil removal

activities at LASL; its performance is dis-

cussed below.

b. Experience with Exhumation Analysis

In the last six months two areas con-

taminated with plutonium-bearing liquid was-

tes were excavated. The material exhumed

was, for the most part, native soil with
238

Pu being the major contaminant. While

plutonium contaminated soils are hot repre-

sentative of the waste that might be exhumed
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from most waste pits, they are certainly

similar to the now potentially contamiriated

backfill material. The alpha-detection in-

strument used during these exhumations was

a Ludlum Model 43-1 zinc sulfide scintilla-

tion crystal coupled to a Ludlum Model 2200

pulse height analyzer. Instrument calibra-

tion was obtained U3ing a 2 nCi/g 2 3 9Pu

spiked soil sample placed in the standard

counting geometry afforded by a 1.5 x 10-cm

plastic petri dish. A sample with a 2 nCi/g

concentration gives a calibration factor of

0.07 counts/min/dpm/g, or 0.15 counts/min/

pCi/g. This measurement is based on the

counting of an "infinite thickness" of a

homogeneous sample.

During the exhumation operations at

LASL, the preparation of field samples for

counting was kept to a minimum in an effort

to quickly provide the results of the mea-

surement. Well-mixed soil samples were

dried under heating lamps; larger soil ag-

gregates were merely broken apart before

filling a petti dish. The absence of grind-

ing and sieving of soil in this procedure

would be expected to result in poor sample

homogeneity. However, due to the deposi-

tion of the contaminant from la,:ge quanti-

ties of liquid percolating through soil, it

was found that the sample radioactivity was

acceptably uniform for the sample size used.

Under different conditions the question of

sanple homogeneity could be very important.

The instrument background, measured

over an empty petri dish, was 1.4 counts/min.

This indicated that activities above 1.6 net

counts/min represent alpha activity in the

sample at the 3-o level for a 5-min count.

Dividing by the calibration factor given

above, the detection limit for this instru-

ment was found to be 10.7 pCi/g. Background

soils selected from the Los Alamos County

area, including some from uncontaminated

areas near the contaminated sites, yielded

an average of 3.7 counts/win above the in-

strument background. Divided by the calibra-

tion factor, this indicated an average of

24.8 pCi/g of gross alpha due to natural

and fallout radionuclides in the soil. How-

ever, variability in the background activity

among the soils was quite large. While the

average was 24.8 pCi/g, the upper limit of

3 std dev on the data was 47.0 pCi/g. In

contrast, the statistical counting error

expected on the average value was only

+ 6.6 pCi/g, at the 3 a level for a 5-min

count. Clearly the total variability

greatly exceeded the counting error. So,

using the observed variation as the confi-

dence limit on the average background ac-

tivity, the detection sensitivity for the

presence of activity other than background

may be stated as either 47.0 pCi/g of total

alpha activity, or 22.2 pCi/g above the

average alpha background of local soils.

Reduction in the extent of the varia-

bility could be effected by more extensive

sample preparation (such as grinding and

sieving) to reduce the differences in the

physical forms of the samples and to in-

crease sample homogeneity. Also, careful

characterization of the soils to reduce

variation due to compositional differences

is possible. However, such methods may be

inappropriate when developing an assay sys-

tem for providing quick feedback to an on-

going operation.

As shown in Table VIII, the data ob-

tained by using the ZnS instrument compare

acceptably with those obtained from an acid

leaching process and from a total plutonium

chemical analysis. When the total analysis

times given in Table IX are compared, the

time saving aspect of this instrument is

apparent. The times given include all nec-

essary sample preparation.

c. Instrumentation Criteria

Several criteria have been developed

for an exhumation-oriented radiation assay

system. First, the system must have the

ability to analyze for a range of different

radionuclides in nonhomogeneous waste ma-

trices with a minimum of sample preparation.

This may best be accomplished using a num-

ber of diverse instruments, each specific

for certain types of emissions and forms of
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TABLE VIII

COMPARISON OF VALUES PROM THE ZnS ALPHA COUNTING SYSTEM WITH THOSE OF

AN ACID LEACHING PROCESS AND P. TOTAL PLUTONIUM CHEMICAL ANALYSIS

SAMPLE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
IB
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

pCi/g
(Gross Alpha)

ZnS

Bkgd
Bkgd
Bkgd
Bkgd
24
25
25
27
34
34
44
47
54
54
62
67
94
98
98
105
112
113
117
130
132
145
159
170
180
185
230
241
292
292
348
844
924
926
930
1750
3340
3600
4000
4520
13400
28700
403000

pCx/g
(Gross Alpha)
Acid Leaching

Process

6
5
6
35
5
13
32
9
33
43
14
15
23
61
3
36
19
25
34
75
52
151
87
93
37
187
69
112
56
85
198
127
120
326
95

2010
404
564
1060
1045
1030
1670
33S0
3450
12900
26260
372000

pCi/g
(Pu-238 and 239)
Total Plutonium
Chemical Analysis

3
6
4
39
0
1
34
37
33
43
18
38
20
62
13
45
22
36
83
77
124
203
112
155
104
220
76
189
77
132
190
107
256
405
154
2890
655
300
1090
1177
2030
2950
4450
4239
12200
36600

500000
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waste. The instrument application describ-

ed herein is an example of this specificity.

Second, the system must be capable of ana-

lyzing over a wide range of activities.

Particularly, it must have detection limits

low enough to permit on-line sorting and

segregation of wastes down to essentially

background levels. Finally, the composite

system must have the ability to do the ana-

lyses in a time frame that would facilitate

an on-going, continuous scheme.

The developments necessary for meeting

these conditions may lie in the design of

the exhumation process as well as in the

optimization of a multi-instrumentation as-

say system. For example, since the alpha

detection instrument discussed herein de-

pends ureatly on the homogeneity of the

TABLE IX

TOTAL ANALYSIS TIMES FOR

THE THREE METHODS OF TABLE I

ZnS System

Acid Leach
Process

Total Pu
Chemical Analysis

20 min

8 h

12 h

sample, its applicability might be consid-

erably extended through the use of equip-

ment for waste homogenization. In addition,

interfacing or intercorrelation among in-

struments might be considered as a means

toward better specification of the radio-

nuclide content of a sample.
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APPENDIX A

REGIONAL DATA ACCUMULATED FOR BIOLOGICAL TRANSPORT MODEL

The data collected for the study area

are given in Table A-I. These data were ob-

tained from various State and Federal Agency

maps and publications. Elevation and rela-

tive plant cover were obtained through use

of the USGS topographic maps. Precipitation

estimates were derived from Tuan et al., 2 3

through interpolation of the 2-isohyet in-

tervals. Frost-free days were found by in-

terpolation of the data given by Beck et

al. 2 4 Human population densities were esti-

mated from the 1970 census data. Both deer

(Johnson et al. ) and fish (Patterson et

al.26) harvest estimates were obtained from

distribution published by the New Mexico

Department of Game and Fish, Santa Fe, New

Mexico. Deer were assigned to a given herd

of a specified management area. The fract-

ion of the management area in any given

region was estimated and the number of deer

assigned was made equal to the product of

this fraction times the deer harvest for

that management area. The deer were assumed

to be equally distributed within each manage-

ment area. Fish harvests were similarly

estimated on a regional basis from reported

harvests at given locations; the number of

locations falling within each region was

determined to obtain the total number of

harvests.

Table A-II indicates the data obtained

so far from the investigators at New Mexico

State University.

APPENDIX B

FORAGE MODULE DESCRIPTION

A. Introduction

This module may be simply described as

a forage generator which has provision for

Plutonium and other transuranic uptake and

for surface contamination from fallout dep-

osition of TRU-bearing particles. The major

outputs of this model are estimates of herb-

age densities (g/tn~ dry weight) , and the

Plutonium activity in the herbage through-

out the year.

Presently, the module considers native

warm and cool season grasses, all of which

are perennials, as the major forage plants.

However, provision can be made to simulate

the growth of annual grasses and herbs if

necessary. (Shrubs which ordinarily grow

in the grassland areas are considered in

the coniferous forest module.) Examples of

warm season perennials considered in this

module are blue grama (Bouteloua gracilis),

galleta (Hilaria jamesii), mountain muhly

(Muhlenbergia montana), and Texas timothy

(Lycurus phleoides). Examples of cool sea-

son grasses include redtop (Agrostis alba),

western wheatgrass (Agropyron smithii),

junegrass (Koeleria cristata), and Kentucky

bluegrass (introduced) (Poa pratensis). An

extensive listing of these types of forage

plants including herbs, annuals and shrubs

can be found in a listing by Gay et al. 2 7

B. Plutonium in Roots and Plant Surface

The incorporation of plutonium in plant

root systems is based on a 5-yr investiga-

tion of clover by Romney et al. 2 8 which

showed an increase in plutonium concentra-

tion in these plants over the study period.

Until more accurate air deposition

functions are developed for the study area,

this module will assume an averaged deposi-

tion velocity of 400 m/day without the wet
29

increment (List et al. ) which agrees with

the value given by Martin.30 This value is

less than half of the average fallout depo-

sition (960 m/day) reported for the United
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TABLE A-I

SELECTED CHARACTERISTICS OF REGIONS WITHIN THE STUDY AREA

Region

NO.

1
2

3

4

5

6

7

8

9

10

IX
12

13
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33
34

35

36

37

38

39

40

41
42

43

A

7900

8700

10150

8900

7950

7600

8925

10900

7800

8525

9900

9900

8100

7600

9700

10000

7100

7650

9600

8700

7840

7500

10050

7400

7400

8500

7850

7250

6900

8700

7850

6900

6850

6450

6600

7850

8875

7500

9150

8900

8400

5950

6600

B

22
22

30

24

16
1.4

26

27

18
16

19

27

19
14
22

36

18
14

16

22

16
14

23

16

15

13

13

14

13
16

18

17

13
12

12

13

24
15

32

20

23
11

11

C

120

120
115

100

115

125

130

120

130

125

120

105

110
135

133

120

132
145

130

112.

140
130

108

138

142

140

138

138

125

108

122

145

160
160

150

110

100

120

121

130

155
159

130

D

35

60

60

25

0
5

30

85

10

25
25

25

10

5
80

90

20
10

50

85

5

15
85

60

15
50

80

10

0
50

70

10

10
5

0

50

90

10

80

60

70
5

0

E

15

15
15

25

0

10

20

0

10

50
25

25

10

15

10

0

30

15

25

5

15
35

5

20

35
25

10

40

5
10

20

30

40
45

25

25

0
50

10

20

10
20

50

P
SO
25

25

50

100

85

50

15

80

25

50

50

80

80
10

10

50
75

25

10

80
50

10

20

50

25

10

50

95

40

10

60

50
50

75

25

10

40

10

20

20
75

50

G

0
6200

11100

0

0
0

2800

2800

0
10300

14300

10700

0

5300

28100

3400

16000

3800

23600

12900

0
9100

17300

6900

1500

0

12900

0

5300

2000

0

6200

6700

5100

7200

8800

1500

0

1500

2300

500
15100

2600

H

29

20

35

35

17

17

13

13

15
29

29

35

17

17
13

13

15

90

74

35

17

17

13

90

90
6

6

6

17

18

90

90

6
6

17

17

17

20

56

56

19

19

17

I

20

1100

30

70

0

470

450

10

10

870
10

0

10

20
2600

10

60

430

0

40

160

830
330

40

30

300
280

120

150
9900

540

180

550
1300

1200

9000

50
1700

60

400

10

3200

2900

40



TABLE A-I (Continued)

Region
No.

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
61

62

63
64

65

66

67

68

69

70

71
72

73

74

75

8800

9900

6800

8300

8750

8400

6000

6900

10450

7300

7900

6700

6350

7450

5700

6300

5600

6200

7000

5500

5600

5600

6450

6400

5450

5800

5250

5350

5100

5500

4850

5750

17

28

13

24

30
25

12

12

29
15

17

11

11

13

12

13

10
11

12

11

11

11

14

13
11

11

10

10
10

10

10

10

105
102

120

120

125

ISO

153

135

120
140

130

150

150

120

172

170

168
130

121

180

180
160

130

120

180
178

180

170

180

160

175

160

75
90

0

75

50
62

0

25
90

20

40

15

0
25

0

5

0
0

0

0

0

0

10

0

0
2

0

1

0

0

0

0

15

0

40

25

25

20

40

25

0
55

50

86

52

25

20

35

40
10

25

0

0
5

15

10

0
3

0

1

0

0

0

5

10
10

60

0

25

28

60

50

10

25

10

20

48
50

80

60

60
90

75

100

100
95

75

90
IOC

J5

100

98
100

100

100

95

6300

9000

0

18100

7600

14800

12800

95ira

17500

7300

9800

7600

2600

760

9300

2700

2600

0

0

0

3500

0

0

0
0

3300

12200

3900

15300

0

0

0

34
34

20

56

56
19

19

34

34
56

8

8

19
34

8

8

8
19

32

3

8
32

32

32

3
32

2

2

2

2

2

2

2500

50

320

20

500
11300

8900

1100

10
1300

10

20

140
44000

960

230
2500

1200

1500

0

2200

1700

500

350

10

16000

1700

307000

6300

20

9800

10

A = mean elev. above sea level, feet; B » mean annual precip., inches; C * frost-
free period, days; D - % pine, spruce, fir; E - % pinon, juniper; P « % grassland;
G = fish harvest/yr; H - deer harvest/yr; I » human population. D, E, and F are
relative cover values only.
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States, which probably includes the wet in-

crement as described for the 50-cm isohyet

(Yook, et al.31). The estimate was finally

arrived at by considering the findings of

Hicks32 which were also used to estimate

deposition velocities at about 5-10 mph for

different canopy covers in the study area.

These values are 800, 1200, and 1600 m/day

for grassland, pinyon-pine-juniper woodland,

and ponderosa pine-spruce-fir forest, re-

spectively. Additional deposition due to

precipitation scavenging was estimated by

assuming that a given size amount of preci-

pitation would remove 30% of existing sur-

face contamination while concurrently depos-

iting 70% of that present in the surrounding

air (Wilson33). The relationship between

the amount of rain and deposition-removal

characteristics will be discussed later in

this report. Particles with diameters larg-

er than 10 urn (1.5 g/cm3) are assumed to have

deposition velocities equal to their gravi-

tational settling velocity (Slade34). Pin-

ally, the module assumes a wash-off coef-

ficient with a half-time of 30 days instead

of 14, the most commonly reported value, in

keeping with the arguments of Martin3" for

arid climates. However, provision is made

for shorter half-times of removal by inclu-

sion of the precipitation removal term de-

scribed above for those areas receiving ap-

preciable precipitation through the year.

C. Module Components

The module operates from plutonium in-

put for soil (Activity/g), and air (Activi-

ty/m3) concentrations in addition to other

driving variables and constants required

for biomass (g/m2 dry weight) production.

Biomass of organic matter is divided into

four compartments: roots, live-above-

ground vegetation, above-ground standing

dead matter, and litter, with the latter

recycling the plutonium back to the soil

compartment. The module requires a precipi-

tation pattern (amount and distribution),

daily temperature, insolation (Langleys/

day), mean elevation above sea level,

latitude relative to a specified location

in the study area (Santa Fe, New Mexico),

field and holding capacities, and the wilt-

ing point for the upper 250 mm of soil.

Dry biomass accumulation is modeled similar

to the Ranges IV Grassland Simulation Model

(Gilbert3^) and utilizes techniques employ-

ed by the IBP modelers for the Grasslands

Biome {Anway et al.36), although it is not

as complex or comprehensive. As mentioned

earlier, the module is primarily concerned

with the biomass as forage for livestock

and deer. It will be modeled for both

growth and plutonium accumulation in the

grazing module.

A flow diagram and accompanying de-

scription are presented in Fig. A-l and

Table A-III respectively. The diagram is

resolved into stnte (compartmental), climat-

ic, and source variables, with respect to

time, that affect the overall transport and

exchange of plutonium and biomass between

states. The rate processes are ultimately

determined by those factors which have con-

trolling influence. For example, biomass

production is dependent on soil water avail-

ability, live-above-ground biomass, temper-

ature, and insolation (Table A-III, trans-

port no. 3). Plutonium and other transuran-

ics flow simultaneously with nutrient flux

(evapotranspiration), or with the movement

of reserve biomass in response to photosyn-

thesis and respiration. Losses of biomass

and plutonium back to the soil for recycling

due to death, decomposition, and respiration

of roots and live-above-ground vegetation

are also considered in the module and will

be discussed later in this report.

D. Precipitation Generator

Daily precipitation for a given region

is estimated from a consideration of the

following: median monthly distribution of

precipitation for Santa Fe, New Mexico;

estimates of regional precipitation from

isohyet mapping reports; an estimated max-

imum of four storms within a given month

throughout the year; a random occurrence
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Figure A-l. Flow diagram of the Forage Module.

TABLE A-III. LIST OF TRANSPORT RATE CONTROLLING FACTORS

Transport Rate
No.

Description
f process

Controlling Variables used in determining the

c ipication to
oil storage precipitation regulation, soil water

ron soil soil water, temperature, live above tround biomass
mass product ion
n photosynthesis

not?, water, live above ground biomass, teaperaturCi
insolation

th of 11 e above
•oil water, live above ground blomass. temperature

lose of Pu
ground bior

rom above
38 (surface).. precipitation regulation, time*

production
humus from

f litter &
tanding dead

above ground dead standing biomass* temperature,
noil water precipitation regulation* above (round
standing biomass

loss of Pu front above
Rround dead biomass (surface)
loss of Pu from above
ground standing bionatt
(surface), and deposition
from atmosphere

live above ground blonais, atmospheric Pu, tiae,
precipitation regulation

9a.b
IOBS of above ground
standing biomass to grazers deacriptlon in grating module

10
exchange of Pu and biomass
between roots and above
ground standing biomasg live above ground biomass. root blonass. temperature

11
loss of Pu from above ground
dead standing biomasB, and
deposition from atmosphere

dead above ground standing bloaatSi atmospheric Pu,
time. precipitation regulation

12
transport of Pu to soil
fron litter and humus

13
transport of Pu from soil

root biomass« soil Pu. teaperature (root death)

14
exchange of Pu betvecn
litter and humus (surface)

litter and humus, atmospheric Pu, precipitation
regulation time

soil and atmosphere
soil Pu, atmospheric Pu, precipitation regulation,
time

16-18 grazing model Interfacing description of variables In gracing model

"tine «nters as variable as a removal decay constant based on dry deposition or rtsuspenslon of Pu
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of the four storms within the month in ques-

tion; and a calculated amount of precipita-

tion for each storm within a given month.

The median monthly distribution for

precipitation in the northern Rio Grande

Basin is typified by that obtained for San-

ta Fe (Tuan et al. 2 3). Precipitation dis-

tribution within a given month was also es-

timated from inspection of the records for

New Mexico (Reynolds37). The amount of pre-

cipitation for a given storm was calculated

in the following manner:

fi x Pm + ri x Pi'pi

i = 1, 2...4,

m - 1,2,3 12

where

P^ » amount of precipitation in mm for

the ith storm in a given month, m.

f j » proportion of monthly precipita-

tion assigned to ith storm above. (This

value was obtained from the selection of 4

random numbers, summing them, and determin-

ing the fraction of the total for each num-

ber drawn.)

Pm « allotted monthly precipitation in

mm obtained by taking the product of the to-

tal annual precipitation with the fraction

of the total deposited within a given month,

m.

r± « the product of another random num-

ber selected from a normal distribution

(Mean » 0/ o2 » 1) with the coefficient of

variation for precipitation within the month,

m. For purposes of this module the coeffi-

cient of variation was set equal to 0.2 for

all months of the year which represents an

estimate of the mean variation in this case

(Tuan, et al. 2 3).

A simulation of rainfall for a given

year in Santa Fe is presented in Fig. A-2 in

the form of crosses. The production of the

2-in. rain in late July was due to both a

high value for f^ and a high positive value

for r. which combined with the relatively

high proportion of precipitation during this

month (15.71% of the total). Hence, the mod-

ule does not exclude the production of heavy

rains, although becauf-s of the probabilities

associated with r^ aad itu combination with

large values of f^, they do not occur very

frequently. The module probably does ex-

clude precipitation events which produce

heavy flooding, as can be noted in the 20-

yr simulation of precipitation shown in Fig.

A-3. However, for purposes of the forage

module, quantities of rainfall which are a-

bove the holding capacity are runoff or

snow 3ielt and therefore do not enter into

the biomass production scheme as such and

are not of great importance. The mean ave-

rage for the 4-yr simulation does show,

however, that the heavy rain recorded dur-

ing the third year of the simulation did

increase the mean annual precipitation for

that year significantly (392 mm vs 363 mm).

Inspection of Fig. A-3 for higher-than-ave-

rage precipitation indicates that rainfall

of this magnitude or greater may have occur-

red about five times during the 20-yr per-

iod. Finally, the 20-yr average precipita-

tion simulation is shown to compare favor-

ably with the 104~yr average for this city

(359 mm vs 363 mm).

E. Temperature Generator

Daily temperatures were simulated by

considering the following: mean monthly

temperature for Santa Fe, New Mexico (Hale

et al. ); mean elevation above sea level

for a given region in the study area; refer-

ence latitude (0, 1, -1) with respect to

Santa Fe for each region; and an estimated

2*C standard deviation in mean monthly

temperature averages for all months of the

year.

Mean monthly temperatures for Santa Fe

were used to estimate daily temperatures

for any given region using the following

equations;

(T4 - T3)5
(1)
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Fig. A-2. Precipitation and temperature.

Fig. A-3. Twenty-year precipitation simulation for Santa Fe, New Mexico,
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T^ = T^ + 0.005 x (E - E^) + L^ (2)

ri = (Ti - 32) x |, i = 1,2, ... 365 (3)

Ti = Ti + ri x 2 (4)

where:

TA = daily temperature in °C for the

ith day of the year

T^ = maximum monthly temperature (70.4°

F) for Santa Fe

T 3 = minimum monthly temperature (29.9°

F) for Santa Fe

D = day of year, 1, 2, 3,.... 365

L, = lag period to maximum temperature

(120 days)

E r = mean elevation of Santa Fe (6990

feet) (1216m) above sea level

Ei = mean elevation of ith region

Li = relative latitude of region with

respect to Santa Fe (0,1, -1)

r^ = ith random number drawn from a

normal distribution (mean = 0,<?2 = 1).

Equation (1) generates a sine-wave cor-

responding to temperature variations in San-

ta Fe, assuming a continuous change of temp-

erature from day to day and month to month.

Equation (2) corrects the first equation for

elevational differences in temperature at

the same latitude.

For New Mexico, the average change of

temperature is 2.8°C/305 m rise as compared

to the global average of about 1.7°C (Tuan

et a l . 2 3 ) . The latter equation also cor-

rects for relative latitude with respect to

Santa Fe, and assumes an 0.56°C change in

temperature/degree latitude. The average

change of monthly temperature with increas-

ing latitude in New Mexico is between 0.83

to 1.4°C. Since the model uses only three

values for latitudinal reference (0, 1, - 1 ) ,

the 0.56°C change was used to reduce the

error associated with regional elevational

estimates and rounding error due to latitud-

inal estimates. Mean elevations for each

region are grid estimates of average eleva-

tions obtained from contour maps, as previ-

ously described.

Superimposed on the corrected sine wave

generator function is an adjuster based on

random number selection and an estimated

1.1°C standard deviation for each monthly

mean. The term r^ is a multiplier to either

augment or decrease the generated tempera-

tures within that month. Simulation of tem-

perature on a daily basis for Santa Fe, New

Mexico, is presented in Fig. A-2 on the

third year (cycle) of the model simulation.

The resultant shape of the curve is consid-

erably modified from the sinusoidal form of

Eqs. (1-3), and can be attributed to the

random selection of multipliers from the

normal distribution described earlier. The

relationship clearly illustrates the desired

effect of temperature trends in weather over

periods longer than one day, which would not

have been the case if the multiplier had

been applied on a daily basis. A 20-yr sim-

ulation of temperatures for specific days

of the year is presented in Fig. A-4 for

Santa Fe, New Mexico. These values are rep-

resentative temperatures at the end of each

month and should be greater than, or less

than (depending on the month), the mean mon-

thly temperature for the given month as

shown by the plot of the monthly averages

obtained from Hale et al. 3 8 Results of

temperature simulations for other cities in

the study area show good agreement with

published data. Temperatures below 0°C were

not considered in the model.

F. Solar Radiation Generator

Insolation, or total-solar radiation,

received by any given region of the study

area was made to equal that of Albuquerque,

New Mexico, without correcting for latitude

(Tuan, et a l . 2 3 ) . Practically all of the

State lies in an area receiving more than

180 Jcilolangleys of mean annual insolation,

and the study area lies in a region where

about 187 kilolangleys are observed. Inso-

lation on a daily basis for all regions of

the study area was calculated using the

following relationship:
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(T, - T,)
x (Sin

Fig. A-4.

(D - L,)
' % + 1)

where:

R » daily insolation in langleys/day,

received by a given region on day, D;

Tj * maximum insolation rate (723 lang-

leys/day) in the region;

Tj • minimum insolation rate (270 lang-

leys/day) in the region;

D * day of year, 1, 2, 3, ... 365; and

Lj - lag period to maximum insolation,

90 days.

It is assumed that cloud cover effects

have been included in this calculation.

G. Soil Water and Evapotranspiration

The importance of simulating precipi-

tation, temperature, and insolation in the

forage module is to incorporate the effect

of these driving variables on bionass pro-

duction and plutonium and other transuranic

transport within plants. In addition, pre-

cipitation and temperature largely determine

YEPSS

Temperature.

soil-water status, which is another driving

variable in biomass productivity. As such,

available soil water not only affects plant

growth, but also influences the death and

decay processes of forage plants. Evapo-

transpiration (ET) is influenced by air

temperature and soil water present, as well

as soil characteristics in general. The

three characteristics of importance for

this module are field capacity, holding

capacity, and the wilting point for the

specific soil (Gilbert35). The latter are

regional characteristics which must be esti-

mated for proper operation of the model.

The following discussion considers the in-

terrelationship of these and other varia-

bles operating in the forage module. Evapo-

transpiration is first calculated as poten?

tial ET as a function of temperature (Gil-

bert) :
ET * 0.18 + 0.6 x T,

where ET_ • potential .evapotranspiration,

ram, from the top'250 mm soil and T » air
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temperature, °C. ET is then used to cal-

culate actual ET:

ET = ETp X |£

where:

ET = actual evapotranspiratici, mm,

from the top 250 mm of soil;

SW = available soil water, mm, derived

from precipitation in the top 250 mm soil;

and FC = field capacity of the soil in

question, mm, from the top 250 mm of soil.

However, above the field capacity of the

soil, ET is set equal to ET . If precipi-

tation is above the holding capacity (HC),

then the excess water is removed into sepa-

rate state variables for possible inclusion

into other modules of the total transport

model; the soil is allowed to retain its

holding capacity. This process simulates

runoff, but is only a ploy in this case.

If SW is below the wilting point (WP), then

the model assumes zero transpiration, al-

though some plant death is considered as a

function of low soil water availabilities

to help account for the effect of WP on

plant status.

H. Biomass Production

Plant growth in this module is treated

as a mechanistic representative of biomass

accumulation affected by photosynthetic and

respiratory rates at a given time in the

development of the plant structure. Both

of these processes are treated independent-

ly in response to temperature and moisture

variations in the environment. Two dis-

tinct classes of plants are considered in

this module: cool season and warm season

perennials. Each have different tolerances

to environmental temperature variations and

soil water availabilities (Anway et a l . 3 6 ) .

Biomass accumulation by plants is sim-

ulated with a relatively small number of

input parameters for any given region as:

x ESW± x X PSM,

i = 1,2

where:

PSj^ = photosynthetic rate, g/m2/day

for ith type of grass plant;

EOT. = effect of temperature (number be-

tween 0 and 1) on photosynthetic rate for

ith grass;

ESWi = effect of soil water availability

on photosynthetic rate for ith grass (num-

ber between 0 and 1);

BM. = effect of standing live biomass,

g/m dry weight, on photosynthetic rate for

ith grass (excludes root bi.omass); and

PSM = maximum photosynthetic rate

possible, g biomass/g biomass, for both

cool and warm season grasses.

I. Effect of Temperature

The effects of temperature on photo-

synthesis for warm season grasses (i = 1 ) ,

and cold season grasses ( i = 2) are given

by the following equations:

•p 35
EOTj^ = 1.0 -

EOT, 1.0 -

225

,T - 18,

where T = °C,

These equations describe two parabolas

with optimum temperatures of 25 and 18 °C

for plant growth of warm and cool season

grasses, respectively (Conner et a l . 3 9 ) .

The soil water factor effect on photosyn-

thesis for both cool season and warm season

grasses was modeled after a modification of

Brown'

ESWj^ * 1.0 - EXP {-QW x (SW-WP));

ESW2 = 1.0 - EXP (-QC X (SW-WP)),

where QW =

where QW = ( F Cf w p ) and QC = ( F CJ w p )•

The term QC was estimated from the linear

relationship developed by Gilbert * for

ESW2 to make the equations symmetrical, as

they probably are in nature.

J. Water Requirements for Production

Two feedback operations were conside-

red to keep the photosynthetic rate stable

and within bounds: the first is to compute

the amount of water required to produce a

given amount of photosynthate (g water/g
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biomass produced) and to limit the produc-

tion of biomass to the amount of soil water

present; the second operation is the limita-

tion set by PSM. The amount of water re-

quired for a given biomass synthesis was

computed after McGinnies et al 41 which

includes phenological effects as well:

WR 550 + 200 x SIN (2iT
3g5

D),

where WR = grams of water required for the

production of 1 g of biomass.

Iii each case the amount of water evapo-

transpired by the plant was compared to the

amount of water required for biomass pro-

duction. If the amount required exceeded

what was evapotranspired, then the amount

of biomass produced would be reduced to the

amount which required the amount lost via

evapotranspiration by this process.

K. Effect of Solar Radiation

The second limitation on photosynthe-

sis arises from the ability of plants to

convert impinging solar radiation to bio-

mass. Gilbert's model uses a maximum value

of about 0.4 g photosynthate/g live-stand-

ing vegetation above the ground/day. Be-

cause of the need for specific site infor-

mation to determine this value, another ap-

proach yielding similar results, but allow-

ing for variable efficiency due to leaf

area index changes, has been employed in

this model. The model considers that the

efficiency of the plant increases as the

biomass of the plant increases until shad-

ing effects interfere with proper illumi-

nation. This is estimated to follow the

insolation function, as does phenological

development. Therefore, the model approxi-

mates that .0045 of the impinging radiation

is converted into biomass on a per gram

basis at any given time during the growing

season. PSH thus varies between about 0.3

to about 0.72 g biomass/gram of live-above-

surface standing vegetation/day, which con-

tains the value of Gilbert , but allows

for efficiency variations observed in na-

ture. The efficiency used in the model is

comparable to efficiencies observed for

grasslands under average favorable condi-

tions for growth (Odum ). Together these

feedback factors limit photosynthesis dur-

ing dry periods when other factors are near

optimum and do not allow photosynthesis to

occur at rates higher than are observed in

nature•

L. Effect of Respiration

Net biomass production/day is equal to

that produced by plants, less the amount re-

quired by the plant for respiration. In

this module, temperature was considered to

have the main effect on respiration. The

effect of SW on this process was not con-

sidered, based on the desired resolution of

the model. Net biomass production is the

result of total productivity ant. respira-

tion rate:

PSi = PSi - RA x PSA,

i = 1, 2,

where R^ = fraction of biomass lost by res-

piration of the plant of the ith grass type.

The respiratory fraction (R^) is calculated

for warm and cool season grasses as

Rt = 0.01 x EXP (0.161 x T);

R2 = 0.03 x EXP (0.126 x T),

where T * air temperature °C. These equa-

tions describe respiration relationships

which have a range of values of less than

10% to 100% for temperatures between 0 and

30°C, respectively. Cool season grasses

(i = 2) are seen to be affected to a great-

er extent than are warm season grasses in

the intermediate range of temperatures be-

tween 10 to 20°C.

M. Death and Decay of Green Biomass >

Death and decay processes of above and

below ground living and dead vegetation are

a very important part of the forage module

in that they are responsible for the recyc-

ling of plutonium back to the soil matrix.

Death of live-above-ground standing vege-

tation for both warm and cool season grass-

es is estimated from three equations (Gil-

bert35) , for each type depending on the air

temperature:
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Ox » 0.005 x (T - 25) + 0.005,

T >25°C;

Dx = 0.055 - 0.005 x T, T <10°C;

otherwise

Dĵ  = 0.005,

where Dj is a fraction of the total live-

above-ground biomass lost/day to dead stand-

ing biomass by warm season grasses. Comple-

mentary equations for cool season grasses

are given as

D 2 = 0.005 x (T - 20) + 0.005, T 20°Cs

D 2 = 0.005 - 0.006 x T, T S°C;

otherwise

D 2 = 0.005.

N. Conversion to Humus

The conversion of dead standing vege-

tation to litter is governed by both envir-

onmental temperature and soil water result-

ing in decomposition of the vegetation.

The effect of temperature on this process is

explained by the following relationship for

both types of grasses

LP * 0.004 + 0.00032 x T,

where LP = fraction of dead standing vege-

tation converted to litter. Temperature

and soil water interact to produce the

effect, as can be seen from a consideration

of SW on this process (Gilbert35)

LPW * 1 + x (SW - WP),

where LPW = effect of SW on litter forma-

tion, LPW x LP equals the fraction of dead

standing vegetation converted to litter in

response to both SW and T and other soil

characteristics defined earlier. Hence the

equation:

H D2) x LP x LPW,

where H - litter, g/m2/ day, produced from

dead standing vegetation, describes the

overall loss of dead standing above ground

matter to litter. It should be noted that

herbivores graze both dead standing and

live standing vegetation for nutritional

purposes.

0. Root Shunting of Biomass

Not all of the biomass production is

available for consumption by cattle or oth-

er herbivores. During most of the growing

season about 70% of this production is shun-

ted to the roots of the grasses (Gilbert35).

This module assumes that after the first

two weeks of initial growth only 30% of the

material produced goes into above ground

biomass production; the remainder is trans-

located to the roots for either storage or

to support root metabolic functions. Root

respiration (loss of biomass but not plu-

tonium) is governed from an equation which

estimates the effect of air temperature in-

directly through soil temperatures

RR = 0.002 + 0.002 x X ,

where RR = the fraction of root biomass

utilized by the root for respiration. The
43

equation was estimated from Van Dyne.

Root death (loss of biomass and plu-

tonium) is estimated from an assumed total

life-span of 30 years for the grasses in

question. The model assumes a constant

loss of 0.00015 of the total root biomass

on a daily basis, although root mortality

is known to vary throughout the year (An-

way et al. ) for these plants. Simulated

growth of warm season grasses is presented

in Fig. A-5 and includes biomass variations

for both roots and standing live vegetation.

The first year of simulation is excluded to

remove initial condition effects which must

be entered into the model code to initiate

the simulation. The annual precipitation

data are included for this year to compare

with the others. The simulation is complete

on a daily basis for the second, third, and

fourth year. As can be observed, the bio-

mass of the root compartment is variable

throughout the year and approximates a val-

ue three times greater than live standing

biomass at its maximum. Also, root biomass

can be observed to decline to about half

of its peak value during the winter months

because of both respiratory and death bio-

mass losses. Live standing biomass is
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Fig. A-5. Growth of warm-season grass, 4-yr simulation.

observed to peak during the latter part of

the rainy season, and to decline precipi-

tously after the onset of cooler autumn

temperatures and accompanying dry condi-

tions. The plots also illustrate the grea-

ter variation of root bioroass in response

to increased precipitation primarily during

the growing season. The apportionment of

biomass between root and live-above-ground

vegetation is very similar to actual data

collected by Van Dyne43 for a grassland

ecosystem.

P. Simulation of Biomass Changes

A 20-yr simulation of the growth of

cool season grasses is presented in Fig.

A-6 which shows the relationship of plant

growth response to both environmental temp-

erature and precipitation (see Fig. A-3 for

corresponding precipitation record). Dash-

ed lines between the year of lowest produc-

tivity (20th year) and the year producing

the greatest amount of biomass (9th year)

illustrate a biomass variation by about a

factor of two for the simulation period.

An explanation for this variation can be

illustrated by comparing precipitation re-

cords and mean monthly temperatures for

these two years: The 9th year of the simu-

lation shows the greatest annual precipi-

tation during the 20-yr period, while the

annual precipitation for the 18th, 19th,

and 20th yrs are observed to be below both

the 20-yr average of the simulation and

the actual 104-yr average for the site. A

very significant factor for plant growth in

this case is the pattern of environmental

temperatures illustrated in Fig. A-4: The

9th yr is observed to have a relatively

cool summer and a mild winter, while the

20th yr of the simulation indicates a hot

summer and relatively cold fall and winter

seasons. Hence, the response of the model

to these two parameters is well illustrated

in that cool rainy summers produce good
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Fig. A-6. Growth of cool-season grass, 20-yr simulation.

growth with low ET losses, while cold fall

and winter temperatures produce lower grow-

th rates and higher death rates of stand-

ing-above-ground vegetation, particularly

during dry periods. Finally, a comparison

of the growth curves for warm and cool sea-

son grasses (Figs. A-5, A-6, respectively)

shows the response of the model to diffe-

rent temperature and soil-water combina-

tions that exist at the site throughout

the year. Cool season grasses are obser-

ved to have a long growing period, but are

less tolerant of low soil water availabil-

ity than are warm season grasses. This is

the major reason for the slight slumping

of growth for cool season plants during

the month of June when precipitation slack-

ens between May and July; even though in-

solation reaches its peak value in June.

Q. Plutonium Root Uptake and Plant Distri-

bution

The resuspension of plutonium from

the soil is considered, for the purposes

of this model, to be the major source of

chronic input of plutonium to plant sur-

faces (unless active deposition from global

fallout processes or source releases from

waste pit areas are being considered). The

model will assume a resuspension rate simi-

lar to Martin30 of 1.2 x 10""8/ day until

field studies provide more adequate data

to account for variations which are known

to differ by at least six orders of magni-

tude. The resuspension rate was calculated

from an assumed resuspension factor of 10"**

and an effective height of resuspension

which was set at 30 m. Martin's estimate

of 1.0 x 10 /day was empirically determin-

ed from other considerations, while the 30-m

height in this model is consistent with the
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heights of the tallest conifers in the

study area, and was selected on the assump-

tion that they do an effective job of scrub-

bing out resuspended materials. The same

rate is used for regions in the study area

which do not have conifers to be in agree-

ment with the assumed deposition from the

atmosphere to bare ground (400 m/day) which

was used in the equilibrium calculation be-

tween soil and atmospheric compartments.

The loss of plutonium (for resuspension)

to lower soil layers was not considered in

this model, although provision has been

made to include this process once good es-

timates have been obtained. At best, both

deposition-resuspension and plutonium loss-

es from the resuspendable zone are consid-

ered conservative estimates for use in this

model. Martin30 also uses a zero-field

loss factor for resuspendable plutonium.

The movement of plutonium into the

root systems has not been considered, from

a kinetic point of view, by most investi-

gators. Martin^" has derived a soil-to-

plant uptake coefficient of 1.1 x 10'Vday,

based on Romney's 8 experiments with clo-

ver. Unfortunately, neither experimenter

considered root dynamics in his study.

The rate of plutonium uptake should

be somewhat proportional to the standing

biomass of roots at any given time. This

module attempts to incorporate exchange

processes between roots and live-above-

ground plant parts in several ways. An

exchange phenomenon is simulated by con-

sidering an approximate transport rate for

both plant compartments of RP • 0.004 +

0.004 x (T/20), where RP = exchange coef-

ficient between roots and upper living

vegetation; and T • environmental air temp-

erature, which is double the assumed res-

piration rate for the plant roots. The

transport rate used attempts to account

for water and photosynthate movement and

equilibration as a result of plant meta-

bolic activities. The exchange coefficient

is modified by the relative biomass of

each compartment; the transfer of plutonium

in either direction is mediated by the bio-

mass ratio of each compartment. Therefore,

the transport of plutonium to the roots is

accelerated during the rapid portion of the

death curve for above ground vegetation to

simulate mineral conservation, while trans-

port from roots to the above ground vege-

tation is mediated by the total biomass of

these compartments to coincide with accel-

erated production during the growing sea-

son. Another internal exchange process

of plutonium within the plant has been mod-

eled to simulate the flow of photosynthate

(reserve biomass). When photosynthesis

exceeds respiration,-a net flow of pluton-

ium is experienced simultaneously with

translocation of reserve biomass to the

roots (70% of production/day). When res-

piration exceeds photosynthesis, a reverse

flow occurs and is determined by above

ground needs. Hence, the transport of plu-

tonium within the plant is forced to follow

the metabolic activities of the plant in

general.

R. Results of Plutonium Transport Simula-

tion

Plutonium uptake by the root system

is simulated assuming an uptake coefficient

of 1.1 x 10 /gram root biomass, and begins

the simulation with an initial 100 g/m2 of

biomass for this compartment. As such,

the roots are used to control the influx

of plutonium into the plant throughout the

year, starting initially with the transport

rate coefficient developed by Martin™ for

clover. Finally, the module lumps warm

and cool season grasses to calculate the

specific activities of plutonium in above-

ground live and dead standing vegetation

for consumption by herbivores which are

considered in the grazing module. The

plots in Fig. A-7 illustrate the variabil-

ity of plutonium concentrations within the

plant (roots and live-above-ground vegeta-

tion) for a 20-yr time period. The concen-

tration factor (CF) for a grass plant is
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shown to reach values of 140-150 x 10~5

maximum during a given calendar year. Fur-

thermore, the simulation also indicates

that the plant reaches a plateau CF in

about six years which is consistent with

the 30-yr life span estimated for the to-

tal plant. These results agree in general

with the five year experiment by Romney

which shows a similar plateau value in

four to five years for clover grown on con-

taminated soil, although the levels in the

total plant are somewhat higher than Rom-

ney1 3 reported CF. A plot of CF values

for above-ground living and dead vegeta-

tion which is actually cropped shows CFs

which are very close to the reported alfal-

fa CFs (14.0 x 10""^ over a 5-yr period).

In addition, the CF values in the

plant are not constant throughout the year;

during the accelerated portion of above-

ground vegetation production the CF values

are observed to drop to a minimum, and it

is in this region where very good agree-

ment with Romney is observed (see months

7-9 in Fig. A-8). Also, one can observe

a very definite peaking of CF associated

with the initial stages of plant growth.

This is caused by root plutonium efflux

due to above-ground needs during this per-

iod when plants are still dependent on

root reserves of photosynthate and water

supply needs are accelerated as a result

of growth initiation. The plots in Fig.

A-7 show that the roots of the plants con-

tain most of the plutonium during the year

due to constant accumulation throughout the

year and the shunting of minerals to them

during the death portion of above-ground

living vegetation (see months 10-12, Fig.

A-7). Hence, roots act both as accumula-

tors of plutonium as well as conservers of

this radionuclide during the winter months.

Although the Martin model uses the same

initial plutonium uptake rate for simula-

tion of CF, increases of plutonium in clo-

ver, the results of the Martin model and

this simulation are quite different. Mar-

tin ignored the plateau value observed by

during the fourth year and extra-

polated the rising CF values beyond 5 yr

to 20 yr. Maximum CF values about 0.3

were predicted in his model, which are con-

siderably higher than even the predicted

root CF values by this module for this time

period (by a factor of about 100). Exami-

nation of this module indicates two sinks

which were not considered by the Martin

model: the loss of plutonium from the

roots due to root death and the loss of

plutonium from the death of above-ground

parts to litter. The effect of including

root death was tested in this module by

conducting a 20-yr simulation excluding

this process. However, the maximum values

for plant parts increased by only about a

factor of two. A check on the specific

activity of litter in this module after

20 yr of simulation 15.0 x 10"4 CF) shows

that this component may reach specific ac-

tivities greater than those found in stand-

ing live and dead vegetation, but indica-

tions are that exclusion of this sink would

not give much closer agreement with Martin

(if the plant were assumed to transport all

plutonium back to the roots before the

death process became significant for above-

ground parts). This process is particu-

larly important if potential sources of

contamination are not below the root zone

for plants covering the surface. This phe-

nomemon will be studied in connection with

the coniferous forest module to estimate

the translocation of plutonium from under-

ground sources to the surface by these

plants.

S. Simulation of Plutonium Surface

Contamination

Additional contamination of plants

by plutonium due to surface deposition

from resuspended soil particulates was sim-

ulated by this module. At present the sim-

ulation indicates low areal contamination

of plant parts: about 2 x 10~5 of the

soil areal contamination is present on the

plant surface present on a square meter of

soil. The expected increase in surface
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contamination with increasing herbage dens-

ity during the growing season was largely

offset by the increased rainfall during

that period. The highest values were ob-

served to occur during the early Spring

months when herbage density was reduced

and precipitation was nominal. While more

study is required to obtain better esti-

mates of input parameters for this process,

the module appears to indicate that surface

contamination of plant parts relative to

plutonium uptake via roots is comparable

for grazing purposes, but that its impor-

tance probably lies more in the inhalation

uptake by grazers rather than as part of

the foodchain. The latter process will be

investigated in the inhalation module

which is being developed partly for this

purpose.

T. Extension of Techniques to Other

Models

The development of modules included

within the PLANT compartment will utilize

many of the driving variables already dev-

eloped in the forage module. The conifer-

ous forest module will be developed with

similar processes, of plutonium transloca-

tion in operation, although differences in

the overall metabolism between grasses and

evergreens will be developed to best simu-

late the transport of plutonium within

these systems. The agricultural module

will be developed without some of the limi-

tations that grasses must operate under in

a native condition such as limited soil

water availability during the growing sea-

son. The NMSU agricultural data being ac-

quired will be instrumental in this devel-

opment. Other modules for biological trans-

port of transuranic elements to man are be-

ing developed with a similar approach to

that outlined for the forage module.

Perturbation testing and validation

are necessary follow-ups on model develop-

ment. This is particularly important when

simulations are to extend for relatively

long time intervals as have been proposed

for this module. Validation of the forage

module should include field observations
' 2

to test whether biomass productivity, g/m ,

for both roots and above-ground parts, is

simulated with the desired degree of accu-

racy. The validation of the model for

transporting transuranics must rest on ex-

periments such as those conducted by Rom-

ney28 an(j others, which hopefully will be-

come available in the near future. That

is, model refinement should follow the

testing and validation efforts to produce

the simplest model possible without sacri-

ficing the required accuracy. At present,

simulation efforts are using a daily iter-

ative interval, which for time intervals

exceeding 10 or 20 yr may be wasteful.

However, the information acquired by this

process should provide the new information

required to produce simulations with larg-

er iterative time intervals. A case for

simplifying the forage module at time in-

tervals longer than 5 or 6 yr can be ob-

served by inspection of Fig. A-8. The

levels of these radionuclides in forage

do not change appreciably after this time

interval, and modeling efforts should

include lumping this type of information

into a lower resolution model which could

produce the required risk analysis criter-

ia for longer periods of time than would

be practical by using the model described

herein. Several simplification steps may

be necessary to achieve a model which will

satisfy the objectives of this project.
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