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A Facility for Conducting Field Investigations 

with Radioactive Materials* 

F. HAGHIRI, G. E. MERVA, AND N. HOLOWAYCHUK 

INTRODUCTION 

A knowledge of the processes influencing the dis­
position of any airborne contaminant that falls on the 
land surface should contribute to a better understanding 
of the circumstances leading to the removal, accumula­
tion, or concentration of such material. The fate of a 
contaminant such as radioactive fallout, which is not 
subject to microbial decomposition, will be determined 
by such processes as soil fixation, plant uptake, 
leaching, runoff, and erosion by water and wind. A 
quantitative evaluation of the effects of these proc­
esses as they may operate in or on a segment of land­
scape should make it possible to predict or at least 
estimate the extent of removal, accumulation, or 
concentration of such materials at a particular site. 

Some inferences as to the probable extent of influ­
ence of each of the processes on the disposition of 
radioactive contaminants, such as Sr90, can be drawn 
from the various investigations reported. 

A general review of conclusions in various publica­
tions has been presented by Frere et al (1). Many of 
these investigations, however, have been conducted 
under laboratory or greenhouse conditions. They have 
been directed largely to studies of the various soil 
properties and soil-plant relations as these may affect 
fixation and plant uptake of isotopes under laboratory 
or greenhouse conditions. Some data has also been 
obtained on the removal of certain isotopes by water 
erosion. However, to measure the extent of removal 
or accumulation of Sr 9 0 by each of the s e v e r a 1 
processes operating collectively, an integrated ap­
proach with field plots exposed to elements of weather 
under natural conditions is essential. 

Field investigations are being conducted to evaluate 
the disposition of Sr90 influenced by the several 
processes operating simultaneously. Field micro­
plots, .002 acre in size, were designed and constructed 
to provide isolation of the soil of each plot and of the 
vegetation grown. Facilities were provided for isola-

*Based on work performed under Contract No. AT(ll·l)-414, 
with the U.S. Atomic Energy Commission. 
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tion, collection, and measurement of runoff, erosion, 
and leachate water from each plot. Analyses of the 
various materials removed from each plot and of the 
soil provide a measure of the Sr 90 losses or retention 
under different kinds of vegetation and different soil 
management systems on one soil with similar 
topography. 

This bulletin describes the design and physical 
installation of the highly controlled field micro-runoff 
plots and the facilities for collecting and measuring 
runoff water, eroded materials, and leachate water. 

DESCRIPTION OF 
FIELD RESEARCH AREA 

The field research· area occupies a small isolated 
watershed, about 1.5 acres in size, at the Ohio Agri­
cultural Research and Development Center's East 
Badger site. It is located about 6 miles east of 
Wooster, Ohio, and 2 miles north of Apple Creek, Ohio. 

The general area is gently rolling or undulating 
with a high proportion under cultivation. The small 
watershed has gently sloping topography, with slope 
gradients of the plots ranging from 3 to 5 percent. The 
area has been under cultivation but was in mixed 
grasses when this investigation was initiated. 

The soil of the micro-plots is a moderately eroded 
Canfield silt loam. It is a moderately well drained 
(3) Gray Brown Podzolic soil derived from slightly 
calcareous loam till of Wisconsin age. Canfield silt 
loam, in undisturbed conditions, is strongly to very 
strongly acid in the upper part of the profile. Where 
this soil has been cultivated, however, liming and 
probably other treatments and disturbances have tended 
to render it less acid. 

One of the important properties of this soil is the 
presence of a fragipan CBx horizon 16-45 inches) in 
the lower subsoil. This relatively dense horizon 
redu~es appreciably its permeability to air and water. 
It also restricts considerably the deeper penetration 
and distribution of root systems. 



Fig. 1.-Decontamination faci Ii ties for the removal 
of Sr90 from runoff and eroded materials .. 

GENERAL DESCRIPTION AND 
OPERATION OF FIELD FACILITIES 

The watershed was isolated from the surrounding 
area by enclosing it with an 8-foot cyclone chain­
linked fence. The enclosed area co_ntains 32 micro­
runoff plots. Thirty of these plots are used to study 
the disposition and distribution of Sr 90 in the soil, 
plant, runoff," and leachate. The remaining two plots 
(Drawing 129, plots 1 and 2) were used to calibrate 
the spray equipment used to apply Sr 90 and to test soil 
sampling procedures. 

Fifteen of the experimental plots are "hot plots" 
which have been treated (sprayed) with Sr 90• The 
remaining plots are "cold plots" which have been 
kept untreated to serve as control (Drawing 129). 

The lower end of each plot is connected by a flume 
pipe to a 300-gallon catchment basin where runoff 
water and eroded materials are collected after each 
rainfall. Each catchment basin contains an electrically 
operated pendulum runoff sampler (Drawing 126). 
Catchment basins for the hot plots are connected to a 
sump which is connected to a 10,000-gallon under­
ground tank for temporary storage of contaminated 
runoff water and erode·d materials (Drawing 130). 
Catchment basins for the cold plots are directly con­
nected to field tiles outside the enclosure (Drawing 

131). 

To collect leachate from the plots, a copper tube 
drain outlet was installed at the lower end of each 
plot just above the fragipan horizon. The drain outlet 
from each plot is extended into a leachate cellar 
(Drawing 133). The leachate cellar where leachates 
are collected is located at the lower end of the water-

4 

shed . After quantitative measurement, the leachates 
are released into a sump and then automatically pumped 
into the underground storage tank. 

Since water and sediments in the underground 
storage tank are contaminated with Sr 90 , the removal 
of Sr 90 is essential prior to discharge of the water. 
For this purpose, a decontamination shelter was 
constructed (Drawing 114) near the underground storage 
tank. The decontamination shelter is divided into two 
sections: a ''cold room'' and a ''hot room''. The cold 
room contains heat and power facilities, buffer zones 
and shower, non-radioactive storage, and cold sample 
processing areas. The hot room contains a decon­
tamination system, hot waste storage, and hot sample 
processing areas. 

The decontamination system (2) is shown in Figure 
1. It is composed of four units: a coagulation tank 
(A), filter (B), cation-exchange resin columns (C), and 
check tank (D). 

Contaminated runoff water and eroded materials from 
the 10,000-gallon underground storage tank are pumped 
into the SOO-gallon hopper bottom coagulation tank 
(Drawing 124). While the materials are being trans­
ferred, coagulant is added to coagulate the colloidal 
particles present in the suspension. 

The floes are allowed to settle in the conical 
portion of the coagulation tank. After complete set­
tling of the floes, the clear supernatant is pumped 
through a column of filters and first and second cation­
exchange resin columns. The effluent is stored tem­
porarily in the check tank (Drawing 124 ). 

B e f o re the stored water in the check tank is 
discharged, water samples are taken for radio assay. 

The sediments and coagulants deposited in the conical 
portion of the coagulation tank are transferred through 
a gate valve into a SS-gallon drum located in a 3-foot 
deep pit (Drawing 114). Here they are treated as 
radioactive waste. The material flow from the runoff 
plots is sh~wn in Figure 2. 

FIELD FACILITIES 

Micro-Runoff Plots 

General description: Isolated micro-runoff plots, 
.002 acre in size (lS.84 x 5.5 ft.), were designed and 
installed. These plots '3:re composed of undisturbed 
soil isolated from the surrounding areas by four con­
necting concrete w~lls lined with polyethylene and 
fiberglass sheets. Fiberglass lining was used to 
prevent plant roo~s from coming in contact with the 
concrete walls. 

For m1mmum splash int.erchange, plots we re 
shielded with a plexiglas splash guard. In addition 
to the splash guard, tall growing plants such as corn 
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are protected by a metal screen on top of the plexiglas 
splash guard surrounding the plots. At the lower end 
of each plot, a collection flume for runoff and eroded 
sediments was installed. 

Construction: Carefully mapped areas were selected 
to serve as experimental runoff plots. A trench ap­
proximately 4 feet deep was excavated around the plot 
(Drawing 100). A ledge was cut into the lower face 
of the plot just above the fragipan horizon and 1-inch 
copper drain tubing perforated with 1/8-inch holes was 
inserted to collect leachate (See Section B-B, Drawing 
100). 

The polyethylene liner was unrolled around the soil 
block and the fiberglass was placed around the top 
12 inches of the soil block. The reinforcing mesh was 
cut and lowered into the trench and the forms were 
checked for elevation. The copper drain was con­
nected to the soil block through the trench and the 
c?ncrete walls were poured and vibrated (See Section 
A-A, Drawing 100). 

The top plate (Drawing 101) was assembled with the 
top plate bolts in place and lowered into the wet 
concrete. One-inch galvanized pipes which serve as a 
foundation for plant shields were inserted into the 
concrete and the concrete was finished and allowed 
to set (See Section A-A, Drawing 100). After the 
concrete was set, the top plate was unbolted and 
removed and the forms were disassembled. The con­
crete was allowed to set for 1 month and then painted. 

Gaskets were then cut and the top plate, plexiglas 
frames (Drawing 101), and flume plate (Drawing 105) 
were installed. The plexiglas splash guard (Drawing 
102) was fastened to the top frames. The collection 

flumes (Drawing 104) were cut and fitted in each plot 
and rain guards (Drawing 106) were installed on the 
lower end of the plots. After the plots were spiked 
with Sr 90, plant shields (Drawing 103) were placed 
around plots where tall growing plants such as corn 
were to be grown. 

Catchment Basins 

General description: The catchment basin is a 
320-gallon tank located at the lower end of each 
micro-runoff plot. Runoff water and eroded materials 
are channeled from the plot to the catchment basin 
through a flume pipe. A runoff sampling device, an 
electrically operated pendulum runoff sampler (Drawing 
126, 127, and 128), is located in the basin to collect 
approximately 2 percent of the total runoff. The 
2 percent liquid is a representative sample of the total 
runoff which is used for Sr 90 assay. 

The catchment basin is drained from the center of 
the basin through a stainless steel drain pipe. The 
drain is controlled by means of a valve outside of the 

6 

basin. For quantitative measurement of runoff, each 
catchment basin is calibrated individually. 

Structurally, the basin is composed of concrete and 
steel with wood and galvanized metal cover. The 
basin cover is gasketed to prevent precipitation from 
entering the basin. 

Basins are provided with two electrical services. 
One service is continuous to provide power to operate 
the pendulum runoff sampler and the other service is 
thermostatically controlled to operate a heat lamp in 
the basin when the temperature is below freezing. 

Construction: The catchment basin (Drawing 107) 
location was staked out and excavated with a backhoe 
to a proper depth. The center of the basin was located 
and form stakes were driven to the proper elevation. 
The form (Drawing 108) was placed on the form stakes 
and the stainless steel drain pipe was positioned and 
staked to remain rigid. Crushed bank-run gravel was 
then dumped into the form to the proper elevation. 
The reinforcing mesh was fitted into the form and the 
basin stakes were driven to the desired elevation. 
The basin was placed on the form stakes to check the 
elevations and then removed and welded along the lap 
to prevent water leakage. 

Concrete was poured into the form and vibrated. 
Then a spherical contour was formed by using the 
strike off board (Drawing 108). The basin was lowered 
into the concrete and the concrete was finished by 
hand. After sufficient time for curing, the catchment 
basins were painted with rubber base concrete and 
epoxy enamel. The pendulum runoff samplers were 
installed in the basins and the covers (Drawing 109) 
were placed over the basins. 

The cold catchment basins drain into 4-inch field 
tile drain lines (Drawing 107) which are connected to 
a 6-inch tile main at the north end of the enclosure 
(Drawing 131). 

The hot catchment basins drain into 2-inch flexible 
plastic lines (Drawing 107). These lines originate at 
the outlet of the catchment basins and terminate at 
the sump next to the underground storage tank (Drawing 
130). 

Leachate Collection Cellar 
The leachate cellar is located at the lower end of 

the experimental site. The copper tube leachate 
outlet of each plot is connected to the leachate cellar 
by 1-inch plastic pipe (Drawing 133). The pipes are 
laid in feeder trenches, with six to eight lines in a 
trench. 

The leachate from each plot drains into a correspond­
ing 100-liter tank located in the leachate cellar. After 
sampling and volumetric measurement, the leachates 
are drained into a small sump. Here the leachates are 



pumped into a hot drain line (Drawing 130) and sub­
sequently into the sump and underground storage tank. 

Sump and Storage Unit 
General description: The sump and storage unit, 

with a capacity of 10,000 gallons, is located at the 
lower end of the experimental site. The water enters 
the sump by gravity and is transferred into the storage 
unit by a pump. The unit is designed so that if the 
pump should fail, the sump would fill with water and the 
water would overflow into the storage unit. Since this 
condition is not desirable, the sump is equipped with 
two automatic pump:::: If one should fail, the other 
will operate. 

Construction: The sump and storage tank unit was 
designed, the plans (Drawings 110 and 111) were sub­
mitted for bids, and the unit was built by contract. 
The specific considerations for constructing such a 
unit were that the unit: 

1. Must be located in an area so that runoff, eroded 
materials, and leachate will drain by gravity. 

2. Must be located in close proximity to the decon­
tamination facility. 

3. Must be constructed so no surface water will 
enter the unit. 

4. Must have sufficient capacity to store two 6-inch 
runoffs from the treated plots. 

S. Must be waterproof and watertight. 
6. Must have access for visual inspection of the 

contents. 
7. Must contain appurtenances for intake and with­

drawal of contaminated water. 

Decontamination Shelter 

The decontamination shelter is located at the e:i!­
treme northeast end of the experimental site (Drawing 
131). Structurally, it is a steel frame building with 
concrete block walls and partitions. The roof is metal, 
insulated with fiberglass, and the exterior block walls 
are insulated with poured zonolite. The floor plan of 
the shelter is shown in Drawing 114. 
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Water and Electrical Facilities 
Water is supplied to the experimental area from a 

167-foot deep well located directly north of the en­
closure (Drawing 131). The well is equipped with a 
1 h.p. submersible pump which is connected to a 320-
gallon pressure tank. Water leaves the pumphouse in 
a 2-inch galvanized steel main which is divided into 
three services (Drawing 131). 

Primary electrical facilities originate in the power 
room of the decontamination shelter from a 200-ampere 
main switchbox and subsequently through individual 
circuit breakers. Cell wiring within the building is 
in conduit. All power within the building is connected 
to a 15 K.V.A. standby generator which goes into 
operation automatically if the primary electrical power 
fails. Power is supplied to the experimental site 
through SO-ampere circuits. Electrical lines from the 
main switchbox to various parts of the experimental 
areas are shown in Drawing 132. 

CONCLUSION 
Installation of the field facility was completed in 

June 1962 and it has been in continuous operation. 
The entire system has been operating satisfactorily 
as anticipated. Facilities of this nature are suitable 
for field investigations with radioactive materials and 
also can be used for other mater i a 1 s such as 
herbicides. 
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1110. Conduit - Extend 6 11 ---­

from Wal I - Elev. 76.51 

See Spec's 

4"0. Iron Sewer Pipe - Hub Plugged 
Elev. 74.5 '- See Spec's 

It" D. x48 11 Lg. Stainless Steel- 2 Pipes 
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Sludge Drain Port,211 F.l.P.S. Threads 
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• Drilli\" 
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MAP OF ENCLOSURE No. I 
Showing Plots and Related Facilities 

Dwg. 129 l 50ft. 25ft. 0 

Scale 

---""-N 

LEGEND 

.r--Plot Number 
No. 

Pump Houae 

0 

~Underscore Indicates Sr90 Plot 
o Water Hydrant 
a Electical Quiet 



z 

1 

27 



z 

1 

28 

/ 
/ 



bJ 

Dt1tonlomlnotlol\ 
Shelter 

Main Service OroJl 

MAP OF ENCLOSURE No. I 
Showing Electric Lines 
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