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As part of an ongoing research program investigating the disposal 

o f  radioactive solid wastes in the environment, the Oak Ridge National 

Laboratory (ORNL) is participating with Argonne National Laboratory, 

the Idaho National Engineering Laboratory, and the Nuclear Regulatory 

Commission in a study o f  the leachability o f  solidified EPICOR-I1 

ion-exchange resin under simulated disposal conditions. To simulate 

disposal, a group of five 2-m3 soil lysimeters has been installed 

in Solid Waste Storage Area Six at ORNL, with each lysimeter containing 

a small sample o f  solidified resin at its center. Two solidification 

techniques are being investigated: a Portland cement and a vinyl 

ester-styrene treatment. During construction, soil moisture 

temperature cells were placed in each lysimeter, along with five porous 

ceramic tubes f o r  sampling soil water near the waste source. A 

meteorological station was set up at the study site to monitor climatic 

conditions (primarily precipitation and air temperature), and a data 

acquisition system was installed to keep daily records of these 

meteorological parameters as well as lysimeter soil moisture and 

temperature conditions. 

This report documents the first year of the long-term field study 

and includes discussions o f  lysimeter installation, calibration o f  soil 

moisture probes, installation o f  the site meteorological station, and 

ix 



t h e  results of t h e  f i r s t q u a r t e r  sa l i n g  f o r  rad ionuc l ides  in lysimeter 

leachate. En addition, t h e  data c o l l e c t i o n  and processing system 

developed for t h i s  study I s  docu ented, and t h e  results a f  the f i r s t  

t h r e e  months of data  co l lect ion are su arized in Appendix D. 

X 



1. INTROOUCTEON 

One o f  the major categories of low-level waste produced by 

operatlons at commercial nuclear power plants is spent ion exchange 

resin (USOOE 1980). This resin, consisting of  both inorganic and 

organlc media, is commonly used in conjunction with various filters 

to remove dissolved radioactive material from contaminated water. 

at Barnwell, 

combined total of  

y, of which about 

1.85 x 1015 Bq (50,000 Ci), o r  63%, is spent resin shipments. Thus, 

disposal sites. such as the ones located 

ina, and Richland, Washington, receive a 

x 1015 Bq (80,000 Ci) o f  activity annual 

Commercial 

South Car0 

about 2.96 

3 of the 76,700 m o f  low-level waste shipped to commercial disposal 

sites in 1983, most of the radioactivity was contained in ion exchange 

resins (USOOE 1984).  

The Nuclear Regulatory Commission (NRC)  requires that, prior to 

disposal at commercial sites, all ion exchange resin must be solidified 

or placed in disposal containers that will maintain the waste form and 

ensure immobilization of radioactivity. Because the principal fission 

products present are usually 137Cs and "Sr, with half lives o f  

30.2 and 28.1 y ,  respectively, this solidification process must ensure 

immobilization and Isolation o f  radioactivity for a minimum o f  

300 years. 

radionuclides would decay to approximately 1/1024 their original 

activity I n  t h e  300-year storage period and, therefore, be much less 

likely to cause future groundwater contamination problems. 

If such a solidificatlon process were achieved, these major 
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As part of  an ongoing reaearck program investigating the disposal 

of radioactive solid wastes in t h e  environment, the 0 k Ridge National 

Laboratory ( 6 R N L )  is participating w l t h  Argonne National Laboratory 

L ) ,  the Idaho National Engineering Laboratory (EG G), and t h e  NWC i n  

a study of  t h e  leachability of  solidified ion exchange resin under 

lated disposa l  cond3tians. The samples being studied have only 

recently beca e available and consist o f  highly loaded resin taken from 

EPICOR-I1 prefilter liners used ts decontaminate water fro 

Auxiliary and Fuel Handling Building at Three Mile Island 

3 ) -  The resin sam l es  are being exarni 

disposal conditions using s eclally designed stainless steel fjeld 

dach facilitate leachate collection a t  several different 

po’lnts within the sol1 backfill contained in each lysi 

thls approach, radionuclide migration fro the resin can be detected 

t through soil studied. 

The purpose o f  t h l s  report  is to document the ORNL field leaching 

study including the experimental design, field installation of soil 

etesrolagical data a c q u l s i t i o n  and handling system, and 

leachate collectJon and analysis schedule. Because of the long-term 

nature o f  the project (planned for approximately 20 years), this report 

will focus on the experimental setup and data acquisition system, 

in-depth analysis of leachate samples f o r  future reports. 
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2. EXPERIMENTAL DESIGN 

DRNL/TM-9850 

2.1 BACKGROUND 

The objective of the EPICUR-II lysimeter leaching experiment i s  to 

determine the effect of long-term exposure to natural weather elements 

of solidified radioactively stressed ion exchange resin under simulated 

disposal conditions. To accomplish this objective, a small area in the 

northwest corner of  ORNL Solid Waste Storage Area Six (SWSA 6) was 

selected for Installation of five 2-m field lysimeters (Fig. l ) ,  

each containing a small waste column consisting of solidified ion 

exchange resin. Each of the five stainless steel lysimeters 

(0.97-m diameter by 3.12-m height) was designed to be completely 

self-contained; that is, water entering the top of the lysimeter in the 

form of natural precipitation can pass through the upper layer of soil, 

contact the waste form, and drain into the bottom of the lysimeter 

where there i s  a leachate collection reservoir. At no time will 

leachate that has come into contact with the ion exchange resin escape 

from the lysimeter and enter the surrounding soil or groundwater. 

3 

The five lysimeters were set on a 1 -2-m by 9.1-m concrete pad that 

was poured approximately 3 m below the original grade, leaving only the 

top few centimeters of each lysimeter to extend above the ground 

surface. As a result, the resin samples experience natural soil 

temperature and moisture fluctuations that would be typical of  a 

disposal environment. 

Four of  the lysimeters were filled with Soil collected from the 

Savannah River Plant (SRP) at Barnwell, South Carolina (lysimeters 

1-4), while the fifth contains silica sand, which serves as an inert 
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material (lysimeter 5). The important soil characteristics are 

described in Sect. 2.4. The purpose of the SRP soil is to provide the 

resin samples with a storage medium similar to that found at the 

comnercial waste disposal site in South Carolina. 

received a large amount of  contaminated ion exchange resin and will 

likely play a key role in resin disposal in the future. 

The site has already 

Each lysimeter was equipped with three soil moisture/temperature 

probes and five porous cup soil moisture samplers arranged as shown in 

Fig. 2. Using this experimental design, leachate can be sampled 

periodically from any of  the five porous cups or from the leachate 

reservoir located in the bottom of  each lysimeter. A radiochemical 

examination of the leachate can determine if radionuclides are being 

leached from the resin samples and, if so, how rapidly they are 

migrating through the soil. 

2.2 ION EXCHANGE RESIN SAMPLES 

The Son exchange resin samples used in the field leaching 

experiment were taken f rom core samples extracted from EPICOR-I1 

filters PF-7 and PF-24 (Neilson and McConnell 1984).  Filter PF-7 

contained a mixture of synthetic organic ion exchange resin types 

including phenolic cation, strong acid cation, and strong base anion 

resins. Filter PF-24 contained a similar mixture of synthetic organic 

ion exchange resins including strong acid cation and strong base anion 

resins, but with the addition of an inorganic zeolite. The exact 

chemical nature of the resin, including the arrangement in layers 

within the EPICOR-11 filters, is proprietary information and is 

therefore unknown. For an in-depth discussion of the ion exchange 
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F i g .  2. Cross sect ion o f  an EPICQR-II f i e l d  lysimeter. 



7 ORNUT#-9850 

resin samples and the development o f  a Portland cement and vinyl 

ester-styrene solidification technique used t o  solidify samples used in 

this experiment, refer to Neilson and McConnell (1984) .  

As illustrated in Fig. 2, each of the five field lysimeters 

contains a small column of solidified resin located at the approximate 

center. Each resin column is actually composed of seven separate 

cylindrical samples stacked one on top of the other to yield a resin 

column 4.6 cm in diameter and 53.2 cm in height. Thus, a total o f  

35 resin samples was needed for the five lysimeters. The 35 samples 

were solidified at EGbG before being shipped t o  ORNL where they were 

taken out of their polyethylene molds. 

the field lysimeters, the samples were extruded from their molds in 

groups o f  seven and placed in 5-cm-diam. by 76.2-cm-long transport 

tubes using the ORNL Hot-Cell Facility (Building 3525) for remote 

handling. 

In preparation for loading into 

A more detailed description o f  the resin sample unloading, 

te, and lysimeter loading pro transport to the experimental s 

presented in Sect. 4 . 4 .  

The experimental design ca 

(1 ,  2, and 5) to be loaded with 

portland cement, and two ( 3  and 

led for three of the five lys 

ion exchange resin solidified 

4 )  to be loaded with ion exchange resin 

solidified with vinyl ester-styrene. These samples were made in batch 

experiments carried out at EG&G (Neilson and McConnell 1984) and were 

transported to ORNL in December 1984 in two lead-lined 207-L transport 

drums along with the stainless steel lysimeters and additional 

equipment required to set up a site meteorological station. Table 1 

summarizes the EPICOR-II experimental design by showing the leaching 

edure i s  

meters 

with 
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a t e r i a l  the resin i s  being weathered i n ) ,  t h e  resin 

s o l i d i f i c a t i o n  technique, the  resin source (PF-7  organic res in or PF-24 

organic res in w i t h  z e o l i t e ) ,  and t h e  indiividual sample codes assigned 

by E G G .  

2.3 FIELD LYSIMETERS 

Each sf t h e  f i v e  f i e l d  lysimeters consisted of a 0,91-m-TO by 

3.12-m-high r i g h t  c i r c u l a r  cylinder constructed o f  number 1 2  gage 

s t a i n l e s s  s t e e l  ( F i g .  2 ) .  Each was constructed w i t h  a 3 4 6 4  leachate 

col lect ion reservoir  located i n  the  bottom t h i r d  o f  the vessel ,  with a 

schedule 40 s t a i n l e s s  s teel  pipe t o  serve as access Po th i s  

leachate reservoir .  A complete s t ruc tura l  engineering analysis  o f  the  

lysimeter deslgn was conducted by EG&G p r ior  t o  construction, and a 

leak t e s t  o f  each u n i t  was perfor ed pr ior  t o  shipment. The leak t e s t  

consisted of aintainingl an internal  pressure o f  3515 kg/m ( 5  p s i )  
2 

f o r  a period of 2 h w i t h  no v j s i b l e  signs o f  water leaking from t he  

u n i t .  Thus, the i n t e g r i t y  of each lysimeter was ensured before being 

accepted f o r  f i e l d  use, 

2 . 4  SOIL AND SA 

The experimental design cal led For lysimeters 1 through 4 t o  be 

backfil led w i t h  subsoil from the  6 0  e r c i a l  waste disposal s i t e  located 

a t  Barnwell, South Caralina. This subsoi l ,  underlain by the  

Hawthorn-Barnwell Formation o f  the  Tert iary age, i s  i n  the Fuquay 

s e r i e s  and i s  c l a s s i f i e d  as  a sandy loam (Fowler, Essington, and 

Polzer 1979) .  I t  i s  considered typical  of material t h e  resin 

l i k e l y  be stored i n  i f  i t  were s e n t  t o  thSs p a r t i c u l a r  s i t e  f a r  
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Table 1. Summary of t h e  ORNL E P I C O R - I 1  r e s i n  leach ing  exper imenta l  
des ign 

Res i n 
Ly s i mete r Leach i ng S o l i d i f i c a t i o n  Resin Samp 1 e 

Number H a t r i x  Technique Source Code 

1 

2 

3 

4 

5 

Fuquay S o i l  
C-Hori zon 

Fuquay S o i l  
C -Hor i  zon 

Fuquay S o i l  
C-Hori zon 

fuquay S o i l  
C-Hori zon 

S i l i c a  Sand 

Por t l and  Cement PF-7 Cl -13 C l  -1 6 
C1 A-1 3, C1 A-1 4 
C1 A-1 5 ,ClA-16 
C1 A-1 7 

Por t l and  Cement PF -24 C25-8,C2B-9 
C28-10,C2B-11 
C2B-12, C2B-13 
C2B-14 

V i n y l  PF -7 01A-8, D1 A-9 
Ester-Styrene D 1 A - I O ,  01A-11 

Dl A - I  2,01A-1 5 
D1 A-1 6 

V i n y l  PF-24 D2-l f02-8 
Ester-Styrene D2-9,02-10 

02-1 1,02-15 
02-1 6 

Por t l and  Cement PF-24 C28-22,C28-23 
C28-24,C23-25 
C28-26,C28-27 
C25-28 
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disposal.  After contacting o f f i c i a l s  a t  Ramwell and receiving a 

negative response t o  re  enests f o r  s o i l  samples, an a l t e r n a t i v e  approach 

was taken, and t h e  required s o i l  was coll1~?cted f rom a clay borrow p i t  

a t  the SRP located adjacent t o ,  and s l i g h t l y  e a s t  o f ,  the  Warnwell 

e rc ia l  waste disposal s i t e  ( F i g .  3 ) .  Subsoil f rom the  C-horizon a t  

t h i s  borrow p i t  i s ,  f o r  a l l  pract ical  purposest ident ical  t o  t h a t  found 

arnwell s i t e  (Rogers 1985),  and t h i s  si i l a r i t y  caw be seen by 

a r i n g  of  the  s o i l  t ex ture  o f  the  sample collected w i t h  a sample 

taken prevjously f r o  well trench (Table 2 ) .  Perhaps the  t 

s r t a n t  s o i l  charac te r i s t ics  t o  look a t  i n  Table  2 are the  s o i l  

pli and percentage clay (3.5:  37.5 and 6 - 2 :  39.2% f o r  the Barnwell 

l e  and the SRP sample, respect ively) .  Any 137Cs t h a t  i r  released 

the  resin wil l  be adsorbed t o  the clay p a r t i c l e s  and hence become 

bil ized u n t i l  t h e  point i s  reached where t h e  adsorption capacity o f  

the  clay i s  exceeded. I t  i s  f a r  t h i s  reason t h a t  s o i l  t ex ture ,  

p a r t i  culasl  y pescenta e c l a y ,  was t h e  key f a c t o r  9n select ing a s o i l  

t h a t  would represent t h a t  found i n  the  Barn e l  1 trenches. 

3 y 2 ,  1985, approximately 15 rn o f  Fuquay sandy loam was 

collected from a borrow p i t  a t  t h e  SRP using a front-end loader. 

The topsoi l  ( A  and 8 horizon) had been previously re  w e d ,  and the 

estimated depth of the sample collected ( j u d g i n g  from the  surrounding 

undisturbed area)  was between b and 9 rn, The so31 was loaded in to  a 

t r u c k  and delivered t o  the  OR -11 experimental 

The inert material selected f o r  use i n  lys i  

s i l i c a  nand purchased from U n i m m  Sand Company located 
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ORNL DWG 85 1GYDl 

Fig. 3 .  Map of  the Savannah River P l a n t  showing the locat ion o f  the 
c lay  borrow p i t .  
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Table  2, Comparison o f  soil texture between a sa ple collected f r o m  a 
trench at the Barnwell w a s t e  d i s p o s a l  s i t e  and s o i l  from the 
SRP clay borrow p i t  

C R m  Nuclear 
Samp 1 ea 

SRP 

% Sand 
S i  It 

X Clay 

Fe, A1 , Organic 

5.5 

51.5 
1 1  .o 
37.5 

1 2  
77 
5 
6 

6 ° F  

58,4 
2.4 
39.2 

10 
80 
5 
5 

%ource: Fowler, E .  B . ,  E .  H.  Essington, and W .  L. ~ol izer .  1979. 
Interactions o f  R a d i o a c t i v e  astes w i t h  Soils - h Review. Los Alarndps 
Scientific Laboratory, University of California. MU 
US-LIR -79-291 O 

~ S W P  clay tmrrow pit sa ple used to f i l l  lysi eters  for t h i s  s t u d y .  

CTwenty grams o f  soil in 20 L o f  distilled w a t e r .  
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In Utica, Illinois. In Hay 1985, 4.5 metric tons of Gran-U-Si? 100 0 

was delivered to the site and stockpiled for use in loading 

lysimeter 5. The cation exchange capacity (CEC) o f  silica sand i s  

known to be very low, making it an ideal control material for the study 

of radionuclide movement in the lysimeters. 

2 . 5  POROUS CUP SOIL MOISTURE SAMPLERS 

At five locations within each lysimeter, a 50-mL porous cup was 

installed for the purpose of collecting soil water (Fig. 2 ) .  Each cup 

was installed by placing it in a soil cavity filled with silica flour 

paste and then covering t with either soil or sand depending on the 

particular leaching matr x being used. The purpose of the silica flour 

was t o  ensure continuous contact between the porous cup and the 

surrounding soil, facilitating sample collection at scheduled 

intervals. 

resin sample (top view shown in Fig. 2 )  and were each set at an 

approximate 45"  angle within the silica flour cavity. 

used for sampling were connected to each porous cup and were run 

horizontally to the side of the 'lysimeter, and then vertically to the 

top, as the lysimeter was being filled. 

The cups were oriented in a specific pattern around the 

Two Tygon tubes 

2.6 SOIL MOISTURE/TEHPERATURE PROBES 

To give an indication of when the soil in each lysimeter is 

saturated and amenable t o  collection of  a soil pore water sample, 

each lysimeter was fitted with three soil moisture/temperature probes 

(Fig. 2 ) .  These probes were located approximately 10.2 cm from the 

lysimeter wall at the 90" location. Probe A is 28.8 cm above the zero 
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reference elevation, probe ]SI is 7 7 . 9  crn above this reference, 2nd 

probe C is on tap,  149 cm above Phis reference. The wire leads from 

each prabe were run t o  the side o f  the lysimeter, and then lout Po the 

t o g  where they run through underground PVC conduit to a Campbell 

Scientific CW-3 data logger. A complete discussion of the soil inpsisture 

probe laboratory calibration procedure is contained in Sect, 3 .  

2.7 METEOROLOGICAL ST 

One o f  the key factors in evaluating t h e  leachability o f  the 

solidified resin samples stored in each lysimeter I s  an accurate 

ary of  the  site meteorologleal conditions. To collect this 

meteorological data, a s t a t i o n  was set up at the EPICOW-II site to 

monitor (1) precipitation (Weathermeasure model 6011-A tipping bucket 

e) ,  ( 2 )  wind speed (Campbell Scientific model 014W w i n d  speed 

sensor), ( 3 )  wind direction (Campbell S e i i e n t i f i c  model 824A wind 

direction sensor), and ( 4 )  air temperature and relative humidity 

(Campbell Scientific miadel 207 temperature and relative humjdity 

probe). A 3- by 4-m concrete pad was constructed adjacent to the five 

eters  t o  serve as a p ~ ~ ~ a n e ~ ~  location for t h e  meteorological 

tripod and associated rain gage. Each instrument listed above was 

directly connected t o  a Campbell Scientific model CK-3 data  logger,  

which records and stores data on cassette t a p e  on a daily basis. In 

dition t o  the meteorological equipment, w i r e  leads f r o  

soil rno’ssture/ pesature probes were connected to the, data  logger to 

record soil Pe rature and moisture an a daily basis. 
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3 .  CALIBRATION OF THE SOIL MOISTURE PROBES 

3 .1  BACKGROUND 

The objective of locating three soil moisture probes in each 

EPICOR-I1 lysimeter is to monitor soil moisture as a function of depth 

and, thus, determine when the soil is near saturation and amenable to 

pore water sampling. 

consists o f  two corrosion-resistant metal plates separated by a 

fiberglass binding which provides a coupling whose resistance varies 

with soil moisture content. As the soil moisture within a lysimeter 

increases, the conductivity of each probe increases, and a relationship 

can be established between cell voltage and soil moisture. This 

relationship, usually described by a polynomial equation, is specific 

to a particular soil and probe, and must be verified if a number of 

probes are going to be used in the same soil for a particular 

experiment (Soiltest, Inc. 1975) .  If, for some reason, there is a 

discrepancy in the voltage readings of a particular probe ( e . g . ,  it 

does not follow the same voltage-moisture curve as the rest o f  the 

probes), it is recommended that the probe be discarded and another 

selected in its place. 

Each probe is 2 . 5 4  by 3 . 8  by 0.3 cm thick and 

Calibration of the soil moisture probes consisted of the following 

basic steps: ( 1 )  determine that all 1 5  probes yield a similar voltage 

when placed in the same sample of soil, (2) select two o f  the 15 probes 

for detailed calibration studies in Fuquay soil, ( 3 )  select three o f  

the 1 5  probes for detailed calibration studies in silica sand, and 

( 4 )  derive coefficients for polynomial equations describing the soil 

and sand calibration curves. These coefficients are required by the 



CR-7 data logger for the conversion o f  probe voltage to percent soil 

oisture. Each o f  these four tasks was completed in the laboratory 

before the equipment was installed at t h e  field site, and is described 

in t h e  remainder o f  Sect. 3 ,  

3.2 MOISTURE T R A ~ ~ I ~ ~  IN FUQUAV S O I L  

Before the 15 soil aisture probes could be loaded into the 

EPICOR-I1 lysimeters (Fig. 2), it was necessary t o  establish that the 

voltage-soil moisture relationship betwee probes was similar. I f  this 

were the case, then a single polynomial equation for each soil type 

could be programed into the CR-7 data logger to describe this 

relationship for all probes. If this were not true, and voltages 

v a r l e d  between probes, then additional probes would have Lo be tested 

until a “matched set” of 1 5  could be found. To answer th’ls question of  

similarity between probes, a laboratory-scale moisture Lrackjng 

experiment was carried out prior t o  individual probe calibration. The 

experiment actually served a second purpose and that was to h e l p  the 

operators beco e familiar with the C R - 7  progra ing, the probe 

installation techniques, and the data retrieval system. 

Prior to carrying out this rn isture tracking experiment, a group 

of 16 soil moisture probes being considered for use was assigned 

individual num ers (7-16) and the 7.6-rn wire lead length on probes 1,  

2, 3 ,  13, 14 ,  and 15, was increased by 3 m to ensure that there was 

ire to reach the CR--7 data logger. This lengthening process 

was necessary because these probes were to be located in the end 

eters (1  and 5 ) .  which were farthest from the data logger and 

could not be reached by the  initial 7.6-rn lead, 
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Next, probes 3 (10.6-m lead) and 9 (7.6-m lead) were selected and 

s e t  as ide  f o r  individual ca l ibra t ion  studies (Sect.  3 . 3 ) ,  while the 

remaining 14 probes were loaded i n t o  two 20-cm-diam. number 270 s o i l  

sieves containing a sample of Fuquay s o i l .  Each probe was connected t o  

the  CR-7 data logger, and the  s o i l  was wetted t o  sa tura t ion  and allowed 

t o  a i r  d r y  f o r  a period of several days while the logger recorded 

individual probe voltages on an hourly basis .  Figure 4 sumar izes  

r e s u l t s  o f  t h e  second s o i l  wetting i n  Fuquay s o i l  u n d e r  these 

conditions and suggests t h a t  each o f  the 14 probes tes ted  tracked along 

a s imi la r  path. There d i d  not appear t o  be any deviation due t o  the 

additional lead length of probes 1 ,  2 ,  3,  13, 14,  and 15, which was an 

important consideration. The voltage a t  saturat ion ranged between 

0.55 and 0.70 V and rapidly approached a value below I mV d u r i n g  the 

approximate 3-d drying period. As a r e s u l t  of t h i s  exercise ,  i t  was 

determined t h a t  each of the  14 probes behaved i n  a s imi la r  fashion and 

t h a t  a s ing le  polynomial equation could be used t o  r e l a t e  probe voltage 

t o  s o i l  moisture. 

3.3 CALIBRATION OF PROBES 3 AND 9 IN FUQUAY SOIL 

Probes 3 and 9 were selected f o r  in-depth laboratory s tudies  

designed t o  determine the  coef f ic ien ts  o f  a polynomial equation 

re la t ing  probe voltage t o  s o i l  moisture. The se lec t ion  of these two 

probes was based on the r e s u l t s  of preliminary tracking experiments 

( s i m i l a r  t o  those described i n  Sect. 3.2 b u t  carr ied out i n  s o i l  

derived from Conasauga Shale, t h e  native s o i l  material a t  SWSA 6 )  which 

revealed t h a t  these probes tracked along the  same curve as  the other  

14 probes and could, thus,  be considered representat ive o f  the  e n t i r e  
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population o f  probes being tested. Probe 3 was selected because o f  its 

long lead length (10.6 m ) ,  while probe 9 was selected to represent 

probes with shorter (7.6 m) lead lengths. 
3 Each probe was weighed and placed in a 80-cm calibration box 

constructed of stainless steel wire mesh. Oven-dried Fuquay soil was 

compacted around the probe, and a stainless steel lid was set over each 

box and taped to ensure that none of  the contents spilled. After 

weighing the calibration box, soil, and probe, each unit was saturated 

with distilled water and allowed to equilibrate in a constant humidity 

chamber [chamber maintained at 98% relative humidity using a 

wick-equipped beaker of Pb(N03)2] for a 24-h period. 

the calibration boxes were removed from the constant humidity chamber, 

weighed to determine the actual soil moisture (percentage o f  the oven 

dry weight of  the soil), and connected to the CR-7 data logger to 

record both temperature and probe voltage. After these readings, the 

calibration boxes were allowed to air dry for several hours and were 

then returned to the constant humidity chamber for another 24-h 

period. Using a series of these drying, equilibrating, weighing, and 

voltage/temperature recording steps, probes 3 and 9 were calibrated 

from near saturation (approximately 30% moisture) to near dryness over 

two wetting cycles (Tables 3 and 4). The voltages recorded in Tables 3 

and 4 were then temperature corrected to 15 .5"C (6OOF) using a 

three-step process. First, the measured voltage (Vr) was used to 

calculate the moisture cell resistance (Rr) by the equation: 

After 24 h, 

R r  = l K ( 1  - Vr)/Vr . 



20 

ofsture callbrattan o f  probe 9 i n  Fuquay soil 

- I n  o f  Temperature 
so'r 1 Tsmperature- Corrected 

Modsture Voltage Temperature Corrected vo 1 t a y e  
(XI (VI ( " C )  Voltage ( V I  

29.53 
25.60 
22.35 
19.85 
16.54 
13.99 
11.44 
8.70 
6.91 
5.4 
3.96 

25.97 
22 * 86 
19.15 
16.30 
13.04 
10.42 
6.69 
4.85 
2.89 

0.34387 
0.45579 
0 e 28421 
0 e 21 038 
0,14895 
6 - 1  1448 
0 "06334 
0.00552 

0.29230 
0.31333 
0,77397 
0.12284 
Q, 08369 
0.03823 
0 * 00070 
0.00Q25 
0.0805 7 

22.568 
22.416 
23.134 
22.673 
22.924 
22.581 
22.812 
23.006 
23.261 
23 - 4 5 5  
22.177 

19.775 
22.345 
22.578 
21.744 
22.498 
21 .Q42 
22.545 
27.958 
22.102 

0.30573 
0.41705 
0.24593 
0*17964 
0.12365 
Q 09444 
0.05383 

0.00047 
Q e QO014 
0.06009 

0.27029 
0.2778s 
0.14727 
0.18412 
0 e 05822 
0.031 93 

0.0001 7 
0.00012 

1 .l8505 
Q * 37456 
1.40270 
1.71680 
2 * 09030 
2.35974 
2 * 9 2 % 2 3  
5.51836 
7.66197 0 
8 8639-9 
9 e 601 84 

1.30825 
1.2 
1.9 
2.26223 
2 * 68497 
3.45038 
7.62305 
8.64907 
9.05284 
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Table 4. Moisture calibration o f  probe 3 in Fuquay so i l  

-In of  Temperature 
Soi  1 Tempe rat ure - Corrected 

Moisture Voltage Temperature Corrected Vo 1 tage 
(%) ( V I  ( " C )  Voltage ( V I  

36.91 
32 -81  
30.42 
27.49 
22 -42 
17.63 
14.18 
10.32 

7.35 
5.76 

0.331 38 
0.29881 
0.33138 
0.29947 
0.2021 5 
0.10426 
0.06226 
0.0021 2 
0.00027 
0.0001 7 

Wetting Number One 

22.459 
21 -649 
22.361 
22.570 
20.543 
20.094 
20.904 
21.437 
22.647 
21.793 

0.29421 
0.26709 
0.29472 
0.26311 
0.18074 
0.09188 
0.05268 
0.00161 
0.00018 
0.0001 2 

1.22348 
1 -3201 7 
1.22174 
1.33517 
1.71071 
2.38726 
2.94342 
6.431 65 
8.6081 2 
9 -03523 

Wetting Number Two 

27.83 0,25568 22.002 0.22450 1.49388 
23.57 0.23878 21.172 0.21 240 1.54926 
17 -45 0.11418 21.969 0.09586 2.34489 
11.46 0.03084 22.465 0.02420 3.72130 

8.97411 6.12 0.00020 21.890 0.0001 4 
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A s  shown i n  Fig, 5, this arises f r o  a simple resistor divider network 

where the excitation voltage o f  1 V is applied to t h e  series 

combination o f  t h e  moisture probe registance and a l-kQ Per 

resistor. Fro raphs obtained from the moisture probe manufacturer, 

an expression was derived to calculate what the cell resistance 

be a t  15 .5"C (6Q°F), a temperature assume t o  be typical of  f i e l d  

c o n d i t i o n s .  T h i s  equation t o  correct moisture cell resistance is: 

where 

Rc = corrected pro P resistance (oh 

Rr = resistance read (ohms), 

rn = 2 .22376  x lov3,  

b = -2 .99241 x 

l" = temperature ( O F ) .  

The temperature-corrected resistance ( R c )  was then used t o  calculate 

the  voltage t h a t  would be observed had the probe Reen at 60°F. The  

corrected voltage ( V c )  was then calculate from Eq. ( 3 ) .  

vc )= [1000/(1000 +- R c ) ]  x 1 v . ( 3 )  

The negative natural log ( - I n )  o f  the temperature-correcged voltage and 

the actual so i l  moisture were then plotted for both probes (Fig. 6 ) .  

The coefficients o f  the third-order polynomial o f  best fit were then 

determined, yielding t h e  fs l ' iowing equatfon %s relate the natural log 

of probe vo l tage  t o  soil ma-isture. 

5 f ( x )  = CO e C l x  $. c 2 x 2  $. c 3 x 3  + c4x4 + c 5 x  , 
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R r  

VOLTAGE ,(ij V r  

. * - * . *. . 
** e rn e n EXCITATION 

R r  !L 

Vr==MEASURED VOLTAGE 
F i g .  5. Schematic of the soil moisture cell resistor divider network. 
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F i g .  4. Calibration curve f o r  soil m o i s t u r e  probes 9 and 3 in Fuquay 
s o i  1. 
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where 

CO = 47.574, 

C1 = 19.799, 

C 2  = 3.2416, 

C3 = 0.1739, 

c4 = 0, 

65 = 0. 

The c o e f f i c i e n t s  o f  t h i s  f i f t h - o r d e r  polynomial  were en tered  i n t o  t h e  

CR-7 program (Appendix A) t o  conver t  probe vo l tages  t o  s o i l  mo is tu re  

percentage f o r  probes 1 th rough 7 2 .  Probes 13,  14 ,  and 1 5  were l oca ted  

i n  s i l i c a  sand and, thus,  r e q u i r e d  development o f  a d i f f e r e n t  

po lynomia l ,  considered i n  Sect. 3.4. 

3.4 CALIBRATION OF PROBES 13, 14, A N D  1 5  IN SILICA SAND 

The c a l i b r a t i o n  procedure f o r  t h e  probes p laced i n  s i l i c a  sand was 

s i m i l a r  t o  t h a t  descr ibed i n  Sect. 3.3 f o r  t h e  Fuquay s o i l .  A l l  t h r e e  

o f  t h e  probes used i n  t h e  sand had long lead  leng ths  (10.6 m) i n  o r d e r  

t o  reach f rom ' lys imeter  5 t o  t h e  CR-7 data  logger .  Each o f  t h e  t h r e e  

probes was weighed and p laced i n  an 8O-cm3 c a l i b r a t i o n  box 

cons t ruc ted  o f  s t a i n l e s s  s t e e l  w i r e  mesh as descr ibed be fo re .  

Oven-dried s i l i c a  sand was compacted around t h e  sensor, and t h e  

s t a i n l e s s  s t e e l  l i d  was taped t o  t h e  box t o  p reven t  s p i l l a g e  and t o  a c t  

as a s t r a i n  r e l i e f  for t h e  w i res  coming from t h e  sensors. 

The r e s u l t s  o f  t h e  c a l i b r a t i o n ,  as shown i n  F i g .  7, a r e  q u i t e  

d i f f e r e n t  f rom those f o r  t h e  Fuquay s o i l .  

sand seemed t o  r e t a i n  mo is tu re  even when t h e  m o i s t u r e  con ten t  by we igh t  

The probes i n  t h e  s i l i c a  
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was less than 5 X ,  and the electrical conductivity o f  the moisture probe 

remained quite high until the sand was absolutely dry. Because of 

this, the horizontal axis shown for the calibration curve extends only 

to 1.2,  which corresponds to a voltage reading o f  0.30 V .  Readings in 

t h e  millivolt range were co for comparable moisture content 3 n  the 

Fuquay soil. 

After temperature correcting the laboratory voltage measurements 

as described in Sect. 3 , 3 ,  the  falla ial coefficients 

[coefficients for E q +  ( 4 1 1  were determined to relate the natura? log of 

probe voltage t o  soil rnolsture: 

CO = 53.000, 

C 1  = 138-62, 

62 = 223.01, 

C3 = 124.20, 

C4 = 0, 

c5 = 0. 

The coefficients are entered into the EG&G-madified CR-7 data logger 

program as shown in A pendix A.  The third-order curve produced by this 

pelynornlal expression is shown, along w i t h  the ata points, in F i g ,  7. 
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f~ p r o b e  13, sand 

0 p r o b e  14, sand 

A p r o b e  15, s a n d  

0.0 0.2 0 .4  0.6 0.8 1.0 1.2 

-Ln (cor rec ted  s a n d  m o i s t u r e  voltage) 

F i g .  7 .  C a l i b r a t i o n  curve f o r  s o i l  moisture probes 13, 14, and 1 5  i n  
s i l i c a  sand. 
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A small area of  ORNL's curre tly operating S Q war; selected f o r  

installation of  the f i v e  EPICQR-I1 field lysimeters. The site had the 

e o v e r  other possible sites in t h a t  i t  is located within a 

restrleted area that requires a key card far entry, it has been 

previously designated as a research area and w i l l  not be taken in 

f u t u r e  years for waste disposal trenches, it is near the Pop of  a hill 

i l l  not flood o r  intercept t he  water table, and it is in a 

cleared area where there will be little physical interference to the 

meteorological station. A t  the corn letion o f  the field experiment, t h e  

etet-s can be covered w i t h  a stainless steel plate and left in 

place, o r  moved to an alternate location if necessary. 

On January 17, 1985, excavation o f  a trench w i t h  sloping sides was 

'initiated in preparation f o r  constructing the concrete pad on wh?ch the 

lysimeters were to be s e t ,  The trench vas approximately 3 . 7  rn deep 

long and 1.8 rn wide at t h e  bottom) t o  allow for a layer of 

crushed stone, a 30-c -thick concrete pad, and t h e  full 3.12-rn height 

o f  the lysimeters, The ~QWP- 1.2 rn o f  the side walls of the trench 

were shored up with plywood sheets to prevent possible slumping a f  t h e  

side walls during t h e  concrete pouring and lysimeter installation. 

The concrete pad was constructed according t o  E&&G Drawing 

ber 164326, which specified that the concrete be 2.1 x 10 kg/m 

(3600 psi) a t  28 d ,  be level with a tolerance of 0.3 c in 1.2  m, and 

6 2 
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be reinforced with a network of number 4 and number 5 steel rebar. The 

size of the pad (1.2 by 9.1 m) allowed for a spacing o f  7.8 m between 

1YS 

and 

1YS 

meter centers and ensured that the lysimeters would remain vertical 

stationary during the soil backfilling process. 

On May 1 ,  1985, the concrete pad was completed, and the five 

meters were set in place and secured to the pad with steel bolts 

(Fig. 8 ) .  The soil from the trench excavation was then backfilled 

around the lysimeters and compacted in place using a one-man 

gas-powered soil compacter. Extensive hand work was required in the 

spaces between the lysimeters, and care was taken so that none o f  the 

lysimeters were damaged. Figure 9 shows a view of the site after the 

soil backfilling was completed, 

Several days after the lysimeters were in place, the inside 

walls were washed with water to remove dirt that had collected during 

shipment. Wash water draining to the leachate collection reservoir was 

pumped out using a Masterflex model 7535-10 pump and a 4-m length of 

Tygon tubing. 

river rock was delivered to the site f r o m  a local limestone company 

(American Limestone, Knoxville, Tennessee) that purchased the rock from 

the W.S. Bonsal Company in Lilesville, North Carolina. The rock was 

thoroughly washed to remove fine particles and stored in 132-L 

containers prior to loading into the lysimeters. 

After this cleaning operation, 410 kg of silica quartz 

After both the stone and the lysimeters were washed and a 

stainless steel filter was placed in the hole that drains to the 

leachate collection reservoir, 80 kg o f  stone was added to each 

lysimeter to serve as a support medium for the soil and sand. The 
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ORNL-PHOTO 3972-85 

F i g .  8. EPICOR-I1 lysimeters being lowered into place. 
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volume occupied by 80 kg just filled the lysimeter to reference 

elevation zero (Fig. 2). Next, a 91-cm-diam. circular piece of  filter 

fabric was placed over the stone to separate it from the soil matrix. 

At this point, the lysimeters were ready to be loaded with soil (sand 

for lysimeter 5) and the instruments detailed in Fig. 2. 

In early June 1985, a portable gas-powered soil crushing machine 

was transported to the site, and filling of the lysimeters was 

initiated. Buckets containing approximately 14 kg of Fuquay soil were 

taken from the soil crusher (Fig. 10) and lowered into each lysimeter 

where they were spread and compacted using the weight of the person 

working in the lysimeter. 

sides of each lysimeter at four positions (0, 90, 180, and 270 degrees) 

to assist in keeping track of the depth of soil and the position of 

various probes. 

was reached, a solid aluminum, cylindrical-shaped mold was set in place 

at the specified orientation and soil was packed around the mold until 

the top shoulder was reached (Fig. 11). The mold was then removed, 

leaving a small cavity in the soil that was immediately filled with a 

stiff mixture of silica flour paste (Fig. 12). A porous soil moisture 

cup was then placed in the silica flour mixture, with care being taken 

to suspend the cup within the flour and not let it touch any side of 

the cavity. 

cup, and the two Tygon tubes attached to each porous cup were run 

horizontally to the lysimeter wall, and then vertically to the surface. 

Metal measuring tapes were placed down the 

When the elevation of a particular soil moisture cup 

Soil was then added to the top of the cavity to bury the 

At elevations 28.8, 77.9, and 149.0 cm, the soil moisture probes 

were placed 10.2 cm from the side wall in a vertical position. Soil 

was compacted around the probes, and the wire leads were run to the 
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lysimeter walls and out, in the same manner as the tubing from the 

porous cups. At elevation 51.2 cm, a 5-cm-ID steel pipe was positioned 

in the center of the lysimeter to serve as an access tube for later 

insertion of the solidified resin samples (Fig. 13). The pipe was open 

ended at the bottom and placed directly on the soil surface. At the 

top end, the pipe had a threaded connector that was machined on the 

inside to allow a slip-fit connection to a similar-sized pipe serving 

as a resin sample transport tube. This top of the pipe was set flush 

with the top of a piece of plywood spanning the diameter of the 

lysimeter and containing a centering hole. 

clamped to the outer edges of the lysimeter to hold the top of  the 

access pipe secure and in place. The remainder of the lysimeter was 

then filled with soil until an elevation approximately 13 cm below the 

top of the lysimeter was reached (Fig. 14). Table 5 summarizes the 

lysimeter loading process by tabulating the weight of the soil added, 

the in-place density, and the moisture content of the soil as it was 

being loaded. 

The plywood template was 

4.3 PLACEMENT OF THE RESIN SAMPLES IN THE LYSIMETERS 

After the last lysimeter (lysimeter 5) was filled, the resin 

samples were loaded into the access wells, and the wells were removed. 

To accomplish this, the 35 resin samples were removed from their 

plastic molds in the ORNL Hot-Cell Facility. The cylindrical samples 

were then washed in a pan of water to remove dust particles and placed 

in one of five resin sample transport tubes that were constructed of 

the same diameter steel pipe as the lysimeter access well (Fig. 15). 

The transport tubes were closed at the top but open at the bottom to 
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Fig. 14. View of a lysimeter a f t e r  filling was completed. 
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Table 5. Sumnary of amounts o f  Fuquay soil added to each lysimeter 

Tota 1 Soi 1 Soi 1 
L y s i met e r Soil Added Density Moisturea 

(kg) ( g/cm3) (N 

1837.5 1.33 9.59 

1905.5 1.38 8.91 

1840 1.33 9.90 

1846 1.33 8.91 

2262 1.64 0.04 

aAverage soi 1 moisture determined from samples collected at 
several different depths during the lysimeter loading process. 
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allow inser t ion  of the resin samples. After each of the f i v e  tubes was 

loaded w i t h  the cor rec t  res in  samples (Table 1 ) ,  a removable brass p i n  

was placed across the bottom opening t o  keep the  samples from f a l l i n g  

out of t h e  tubes. The labeled tubes were then connected a t  the top t o  

individual 10-m l e n g t h s  of wire cable and loaded i n t 0 . a  bottom-loading 

sh ie lded  c a r r i e r  t h a t  was placed on an  open-bed truck f o r  t ransport  t o  

the  s i te .  The  wire attached t o  each t ransport  tube was threaded 

through a small hole i n  the t o p  of t h e  c a r r i e r  and taped t o  the outside 

wall where i t  could be reached d u r i n g  the  t r a n s f e r  process. 

A crane was used t o  posit ion the  lead c a r r i e r  over each lysimeter 

while a single t ranspor t  tube was lowered from the  c a r r i e r  by the 

attached cable.  Care was taken t o  posit ion the bottom door of the  

c a r r i e r  d i r e c t l y  over the access well before the  t r a n s f e r  process 

began. T h e  t r a n s f e r  t u b e  was then attached t o  the access well via the 

s l i p - f i t  j o i n t  i n  the top of the  access wel l ,  and the removable brass 

p i n  was pulled us ing  a 3-m rod w i t h  a hook attached t o  the  end. As 

soon as  the p i n  was removed, the seven resin samples f e l l  from the 

t ransport  tube i n t o  the  access well ( F i g .  1 6 ) .  After t h e  f i r s t  

lysimeter was loaded, the c a r r i e r  was moved t o  the  next lysimeter, and 

the  unloading steps described above were repeated. In t o t a l ,  the  resin 

loading procedure required 1 h and resulted i n  only minimal ground 

contamination, w h i c h  was e a s i l y  cleaned using a survey meter and 

shovel. 

held t o  a t o t a l  of 5 mR f o r  the  e n t i r e  operation. I t  was f e l t  t ha t  

t h i s  exposure was well w i t h i n  the  ALARA (As Low As Reasonably 

Achievable) pr inciple ,  as the  a c t i v i t y  a t  approximately 30 cm f rom 

resin sample 02-9 was measured e a r l i e r  t o  be 10 R/h.  

Exposure t o  the persons manipulating the t r a n s f e r  tubes was 
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When loading was completed, the lysimeter access wells were 

removed by the crane and were immediately bagged for disposal. 

was taken to see that none of the resin samples were pulled out of the 

hole along with the access wells, and an additional small amount of 

soil was added and compacted to fill the remaining hole above the resin 

samples. After the hole was filled and several contaminated spots on 

the ground surface were removed, the gamma radiation measured at the 

surface of each lysimeter was equal to background, and the transfer 

process was completed. Tops were put over all five lysimeters and were 

not removed until August 1,  after several trial runs with the 

meteorological data acquisition system had been completed. 

Care 

4.4 INSTALLATION OF THE METEOROLOGICAL STATION 

the edge of the concrete pad and receives wires from the 

moisture probes and all of the meteorological instruments 

these instruments were run directly into the CR-7 housing 

The meteorological station installed at the EPICOR-I1 site 

consists of a tipping-bucket rain gage, a wind speed sensor, a wind 

direction sensor, and an air temperature-relative humidity probe. All 

equipment, except the rain gage, is mounted on a 3-m electrically 

grounded tripod located on a concrete pad adjacent to lysimeter 

number 3. The CR-7 data logger is located in a weatherproof housing at 

5 soil 

Wires from 

whi 1 e wi res 

from the soil moisture probes were run through 5-cm PVC conduit to 

the side of the housing. Electrical power was supplied to the CR-7 

unit, and the 12-V dc batteries are reserved for a backup source of 

power. 
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All the meteorological equipment was tested in the laboratory 

prior to field installation and, when possible, the data being 

collected have been field checked. For example, a weighing bucket rain 

gage located approximately 60 m from the EPICOR-I1 slte has been used 

to compare site rainfall with that being collected at the 

meteorological station. Table 6 summarizes this comparison for the 

period June 26, 1985, to September 30, 1985. 

During the trial data collection period conducted in July 1985, a 

problem with the CR-7 unit was noted and resulted in extremely high 

values of precipitation being recorded on certain days (Table 6). The 

problem was traced to one of the UART chips in the logger electronics, 

which was replaced on July 30. At that point, the data collection 

system was judged to be working properly, and the lysimeter covers were 

removed to expose the soil to precipitation and thus initiate the 

experiment. 

The data logger worked without problem from July 30 to September 6, 

however, total rainfalls were reported to be approximately 80% of that 

measured with the weighing bucket gage. 

UART chip was noted after September 6, causing the extremely high 

A second problem with the 

precipitation values occurring after this date. 

data collected near the EPICOR site was used until the CR-7 electronic 

Backup precipitation 

problems could be solved. 
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Table 6 .  Comparison o f  EPICOR-I1 p r e c i p i t a t i o n  da ta  w i t h  a weighing 
bucket gage located  i n  SWSA 6 

Date  

Julian SWSA 6 EPICOR 

(1 985) (m) (m) 
Day P r e c i p i t a t i o n  P r e c i p i t a t i o n  

6-26-85 
6-27 -85 
6 -28 -85 
6-29-85 
6-30-85 

7 -01 -85 
7 -02-85 
7 -03-85 
7-04-85 
7 -05-85 
7-06-85 
7 -07 -85 
7-08-85 
7 -09 -85 
7 -1 Q-85 
7-1 1-85 
7-12-85 
7-7 3-85 
7 -1 4-85 
7-1 5-85 
7 -1 6-85 
9-17-85 
7 -1 8-85 
7-19-85 
7-20-85 
7-21 -85 
7 -22-85 
7-23-85 
7 -24-85 
7-25-85 
7-26-85 
7-27 -85 
7-28-85 
7 -29-85 
7 -30-85 
7 -31 -85 

177 
178 
179 
180 
181 

182 
183 
184 

186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
2 04 
205 
206 
207 
208 
209 
21 0 
21 1 
21 2 

1 as 

10.2 
0 
0 
0 

40.1 

TOTAL 50.3 

4.6 
0 
0 
0 
0 
1.3 
0 
b 
b 
b 
0 
0 
0 
0 
0 
0 
2.5 
0 
0 
0 
0 
0.6 

29.2 
0 
0 

15.2 
0 

22.9 
3.8 
6 . 4  
0 

9 - 4  
a 
0 
0 
a 

5.6 
0 
0 
a 
0.5 
2.3 
a 
0 
a 

14.2 
a 
0 - 7  
0 
0 
a 
0.7 

0 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

0.2c 

a 

a 

0 

TOTAL 86.5 
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Table  6.  (Cont inued)  

Date 

Ju l i an  SWSA 6 EPICQR 
Day P r e c i p i t a t i o n  P r e c i p i t a t i o n  

(1  985) (mm) (m) 

8 -02 -85 
8-02-85 
8-03 -85 

8-05 -85 

8 -08 -85 
8-09-85 
8-1 0-85 
8-1 1-85 

8-1 3-85 
8-14-85 
8-1 5-85 
8-1 6-85 
8-1 7-85 
8-1 8-85 
8-1 9-85 
8 -20-85 
8-21 -85 
8 -22 -8 5 
8-23 -85 
8 -24 -85 
8-2 5-85 
8-26-45 
8 -21 -85 
8-28-85 
8 -29 -8 5 
8-30-85 
8-31 -85 

21 3 
21 4 
21 5 
21 6 
21 7 
21 8 
21 9 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
231 
238 
239 
240 
241 
242 
24 3 

5.7 
0 
0 
0 
0 

15.9  
2.5 
0 
0 
0 
0 
0 
1 .9  
0 
1 . 3  

101 .o 
38.1 
0 
0 
0 
0 
0 
0.6 

25.4 
9 .5  

12.7 
0 
0 
0 

15 .9  
Q 

TOTAL 230.5 

6.1 
0 
0 
0 
0 
d 
d 
0.2 
0 
0 
0 
0 
1 . 5  
0 
1 .5  

82.5 
21 - 6  
0 
0 
0,5 
0 
0 
0.5 

17.5 
6.9 

10.2 
0 
0 
0 

12.4 
0 
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Table  6.  (Cont inued)  

Date 

J u l i a n  SWSA 6 EPICQ 
Day P r e c i p i t a t i o n  

(1985) (m) 

9-01 -85 
9-02-85 
9 -03 -85 
9-04-85 
9-05-85 
9 -06 -85 
9 -07 -85 
9-08-85 
9-09-85 
9-1 0-85 
9-1 1-85 
9-1 2-85 
9-1 3-85 
9-14-85 
9-1 5-85 
9-1 6-85 
9-1 7-85 
9-1 8-85 
9-19-85 
9-20-85 
9-21 -85 
9 -2 2 -85 
9 -23-85 
9 -24 -85 
9-25-85 
9-26-85 
9 -27 -85 
9 -28 -85 
9-29-85 
9 -30-85 

244 
24 5 
246 
24 7 
248 
249 
2 50 
251 
252 
253 
254 
255 
256 
257 
2 58 
2 59 
260 
261 
262 
263 
264 
265 
266 
267 
268 
2 69 
270 
271 
272 
273  

0 
0 
0 
0 
1.9 

12.7 
0 
0 
0 
0 
O 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 

11.4 
11.4 
0 
5.1 
0 
0 
Q 
0 

TOTAL 42.5 

0 
0 
0 
0 
1 .o 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 

a 

a 

a 

a 

l ogge r  mal func t ion  d u e  t o  hardware f a i l u r e .  

blclissing da ta  d u e  t o  o p e r a t o r  e r r o r .  

CData logger  hardware f a i l u r e  r e p a i r e d .  

d H i s s i n g  d a t a  due t o  mal func t ion  of r a i n f a l l  gage. 
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5 .  DATA ACQUISITION SYSTEM 

5 . 1  $ACKGR~UN~ 

The EPICOR-I1 data acquisition system consists of the following 

sequence of steps: (1 )  the CR-7 data logger receives an electronic 

signal from each of the instruments (soil moisture probes, etc.) at a 

specified time dependent upon how the CR-7 is programed; (2 )  at the 

beginning of a day (0000 h), the CR-7 averages or totals the data in 

memory for the previous day and writes the daily average or total to 

cassette tape (e.g., average air temperature or total rainfall); and 

( 3 )  the cassette tape is retrieved from the site at scheduled intervals 

and translated using a Campbell Scientific C20 cassette interface. The 

tape translation process of  step 3 consists of transferring a block o f  

200 numbers for each day from storage on the tape to a disk file on an 

IBM PC.  Once the data have been transferred, they can be kept in 

files, arranged in tables for presentation in reports, or input into 

graphics programs t o  display a specific variable (e.g., rainfall) as a 

function of time. 

instruments to final storage on the IBM PC. 

Figure 17 summarizes the flow of data from the field 

5.2 DATA TRANSFER FROM CASSETTE TAPE T O  IBM PC 

When a cassette tape is retrieved from the field and brought back 

into the laboratory for translation, an IBM PC, a Campbell Scientific 

C20 cassette interface unit, and an IBM Basic software program 

(TRANS.BAS, Appendix 8) are required to translate each tape. A 

detailed description of  the C20, including the required hardware for 
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INSTRUMENTS 

e SOIL MOISTURE PROBE 
0 WIND SPEED SENSOR 
e WIND DIRECTION SENSOR 
@ RAIN GAGE 
e AIR TEMPERATURE 

F i g .  17. Schematic o f  t h e  EPICOR-I1 data  a c q u i s i t i o n  system. 
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i n t e r f a c e  w i t h  a PC, can be found i n  t h e  Operator 's  anual (Campbell 

S c i e n t i f i c ,  Inc .  1983); however, t h e  general steps requ i red  t o  process 

tapes are  as fo l l ows :  

1. Turn on t h e  PC and en te r  I B M  Basic by t y p i n g  BASICA /C:1024. 

2. Turn on t h e  C20 i n t e r f a c e  and c l e a r  memory by press ing 

t h e  r e s e t  but ton.  

Advance tape i n  tape p laye r  t o  des i red p o s i t i o n  and connect t o  C20 

i n t e r f a c e  w i t h  two cable wi re,  one t o  the  dc power p o s i t i o n  on t h e  

p laye r  and one t o  t h e  moni tor  j ack  on the  p laye r .  

3 .  

4. Load TRANS-BAS by t y p i n g  LOAD ' ID: EPICOR TRANS,BAS" where t h e  

program TRANS.BAS i s  s tored on d i s k  D: i n  d i r e c t o r y  EPICOR.  

Run TRANS.BAS by t y p i n g  RUN. 

The program w i l l  prompt t h e  user f o r  t h e  name o f  t h e  f i l e  t h e  data 

a re  t o  be s to red  i n .  Respond by t y p i n g  0: EPICOR NAME-EXT where 

NAME.EXT i s  t h e  se lected f i lename and t h r e e - d i g i t  extension. 

7. Press t h e  PLAY bu t ton  on t h e  tape p layer .  

8 ,  When t h e  data t r a n s l a t i o n  i s  complete, press t h e  F6 key t o  c lose  

5. 

6 .  

t h e  data f i l e  and e x i t  f rom basic  by t y p i n g  SYSTEM. 

I f  t h e  above sequence o f  steps i s  fo l lowed, t h e  data w i l l  be d isp layed 

across t h e  PC moni to r  as i t  i s  being t rans fe r red ,  o r  output  d i r e c t l y  t o  

a p r i n t e r  i f  t h a t  op t i on  i s  se lec ted  by t h e  user. 

Each number i n  t h e  b lock o f  200 data p o i n t s  s to red  f o r  each 24-41 

pe r iod  i s  preceded by a two-d ig i t  i d e n t i f i e r ,  making i t  easy t o  

separate t h e  i n d i v i d u a l  b locks o f  numbers as they  s c r o l l  across the  

screen. An example o f  one such b lock o f  data ,  i n c l u d i n g  data p o i n t  

i d e n t i f i e r  t r a n s l a t i o n ,  i s  shown i n  Tables 7 and 8. 
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Table 7. 

01 4-01 04. 
09+22.04 
17+25.60 
25+34.68 
33+07.59 
41 +1 .015 
49+0.960 
5 7 +0 -9  24 
65+0.163 
73+22.03 
81 +25.47 
89.e34.27 
97-tO7.60 
05+1 -014 
1 3 +Of 9 60 
21 +O .909 
29+0.138 
371-22.08 
45+2§. 70 
53+34 -97 

Example of a one-day block of  d a t a  co l lec ted  by t h e  CR-7 da ta  logger 

02+0214. 
10+23.28 
18+20.95 
26 tlO.04 
34+07.61 
42+0.986 
50+1.014 
58+0.498 
66+0.051 
74+23.28 
82+20.97 
90+09.89 
98+07.60 
06+0 ,083 
14+1 .012 
22+0.470 
30+0.050 
38e23.34 
46+2O. 99 
54+10.16 

03+0000. 
11 +25.73 
19+23.24 
27+39.12 
35+17.58 
43+0.962 
51 +O .87 5 
59 +O . 000 
67 +O . 1 1 9 
75~25 .66  
83+23.23 
91 +38.87 
99+16.32 
07+0.963 
15+0.871 
23+0.000 

39+25.82 
47+23.30 
55+39.39 

31 i-0.115 

04+0.240 
12-624.43 
20+25.71 
28+29.60 
36+10.80 
44+1 .014 
52+0.939 
6WO. 004 
68+0.031 
76+24.26 
84+25.59 
92 e28 .) 85 
00+10.69 
08+1 .012 
1 6+0.939 
24+0.004 
32+0.028 
40+24 - 86 
48+25.81 
56+30 - 00 

05+24.76 
13i23.38 
21-tl9.40 
29+07 -92 
37+15.26 
45+1 .616 
53+0.992 
61 +O. 874 
69+22 - 24 
77+23 I 37 
85+l9.20 
93+0'7 I 81 
01+15.04 
09+1 .601 
17+0.991 
2 5+0.863 
33+31 -35 
41+23.42 
49t-19.66 
57+07 -98 

0 6 ~ 0 8 4 . 5  
1 4 ~ 2 5 . 6 9  
22+22.27 
30+07.65 
38+09.21 
46+0.964 
54+0.798 
62+0.006 
70+62 - 84 
78t25.56 
86+22.28 
94+07.64 
02+08.97 
10+0.964 
18+0.776 
26+0.005 
34+090.4 
42+25.70 
50+22.33 
58+07.69 

07t l  .366 
15+65.35 
23+24.72 
31 +38.17 
39+0.933 
47t1.012 
5 5+0. 705 
63+0.006 
71+1 .OOO 
79i63.45 
87+24.62 
95+37.98 
03+0.934 
11i1.010 
19+0.685 
27+0.005 
35+09.00 
43+68 22 
51 +24.81 
59+38.35 

61 +07.61 62+07.64 63+18.86 64+10.89 65+15.43 66+09.43 67+0 
69+1.017 70-tO.996 71+0.964 72+1.016 73tl .640 74+0.966 75+1 
77t0.962 78+1 .017 79+0.881 80+0.940 81+0.995 82+0.814 83+0 
85+0.937 86+0.511 87t0.001 88+0.005 89-tO.882 90t0.007 91+0 
93+0.189 94+0.052 95+0.122 96+0,034 97-tl.366 90+0.185 99+3 

I _. 

08+201.1 
16+23.42 
24t36.66 
32 t07.59 
40+0.961 
48+0.910 
56+O 042 
64 +O .008 
724.193 
80+23.42 
88+36.24 
96+07.60 
044.961 
1 2t0.910 
2Ot0.04O 
28+0.007 
36+360.6 
44+23.49 
52+37 . O l  
60+07.62 

935 68+0.963 
014 74+0.911 
717 84+0.043 
007 92+0.00¶ 
8.7 00+075.3 
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Table 8 .  T r a n s l a t i o n  o f  t h e  t w o - d i g i t  i d e n t i f i e r s  used by t h e  CR-9 

01 
02 
03 
04 
05 
06 
01 
08 
09-23 
24-38 
39-53 
54-68 
69 
70 
71 
1 2  

Output Array I D  
Date 
Time 
R a i n f a l l  
Avg Temp ( A i r )  
Avg Humid i ty  
Avg Wind Speed 
Avg Wind D i r e c t i o n  
Avg Gnd Temp 
Avg Gnd Mois tu re  
Avg Thermistor  V o l t s  
Avg Mois tu re  V o l t s  
Mln A i r  Temp 
Min Humidi ty  
Min Wind Speed 
Hln  Wind D i r  

73-87 
88-1 02 
103-1 1 7  
11 8-1 32 
133 
134 
135 
136 
137-1 51 
152-1 66 
167-1 81 
182-1 96 
197 
198 
199 
200 

H i n  gnd temp 
M i n  Gnd Mois ture  
Min T h e m i s t o r  Vo l t s  
Min Mois tu re  V o l t s  
Max A i r  Temp 
Max Humidi ty  
Max Wind Speed 
Max Wind D i r e c t i o n  
Max Gnd Temp 
Max Gnd Mois tu re  
Max Thermistor  V o l t s  
Max Mois tu re  Vo l t s  
Mean Wind Speed 
Mean Wind Vector  Mag 
Mean Wind Vector  Dir 
Std Dev o f  D i r  
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I n  a d d i t i o n  t o  t h e  TRANS-BAS program descr ibed above and l i s t e d  i n  

Appendix 8, a second IBM Basic program was w r i t t e n  t o  e x t r a c t  a l l  200 

numbers f rom a b lock  o f  da ta  and t a b u l a t e  them on a s i n g l e  page f o r  use 

i n  r e p o r t s  and papers. Th is  program (TABLE-BAS) i s  l i s t e d  i n  

Appendix C and i s  executed th rough t h e  f o l l o w i n g  s teps :  

1. Turn on t h e  PC and e n t e r  I B M  Basic by t y p i n g  BASICA /C:1024. 

2. Load TABLE-BAS by t y p i n g  LOAD "0: E P I C O R  TABLE.BAS" w 

program TABLE-BAS i s  s to red  on d i s k  D: i n  d i r e c t o r y  E P I C O R .  

3 .  Run TABLE.BAS by t y p i n g  RUN. 

4. The program w i l l  prompt t h e  user  f o r  t h e  name o f  t h e  da ta  s e t  

c o n t a i n i n g  t h e  b locks  o f  200 numbers t o  be t a b u l a t e d  and the  name 

o f  t h e  f i l e  t o  p u t  t h e  completed t a b l e s  i n .  

0: E P I C O R  NAME-EXT and 0: E P I C O R  NAME.TAB where NAME.EXT i s  t h e  

f i l e  c o n t a i n i n g  t h e  b locks  o f  200 numbers and NANE.TAB i s  t h e  f i l e  

t o  c o n t a i n  t h e  completed f i l e s .  

Respond by t y p i n g  

I f  these s teps a r e  fo l lowed,  t h e  summary t a b l e s  (one p e r  page) can 

e a s i l y  be examined by p r i n t i n g  t h e  f i l e  D: E P I C O R  NAME.TAB. 

o f  t h e  summary t a b l e  corresponding t o  t h e  b lock  o f  da ta  i n  Table 7 i s  

shown i n  Table 9. 

An example 

5.3 GRAPHICAL DISPLAY OF METEOROLOGICAL DATA 

The summary t a b l e s  descr ibed i n  t h e  prev ious  s e c t i o n  were designed 

t o  look a t  da ta  f o r  i n d i v i d u a l  days b u t  a re  more d i f f i c u l t .  t o  use when 

t rends  o f  a p a r t i c u l a r  v a r i a b l e  ( r a i n f a l l ,  a i r  temperature,  ot- s o i l  

mo is tu re )  a r e  be ing  examined. For  t h i s  purpose, p l o t t i n g  r o u t i n e s  have 

been w r i t t e n  t o  p l o t  a s i n g l e  ( o r  more than one) v a r i a b l e  o f  i n t e r e s t  
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as a function of time. These graphical capabilities are necessary for 

examining such a large data base and allow the user to quickly look at 

trends in data, thus determining when to sample for leachate and to try 

extracting soil moisture f rom the porous cups. 

meteorological data, including soil moisture and temperature, collected 

through August 1985, is presented in Appendix 0.  

A sumnary of the 
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Tab le  9.  Daily rumnary t a b l e  r e s u l t i n g  f rom TABLE.8AS program 

0RNh E P I C O R - - 1 1  FIELD TEST 
STATION I D =  104 DATE- 214 T I H E =  0 

RAINFALL= - 2 4  
WIND D I R =  201.1 
TEMP4= 24.43 
TEMP$= 23.42 
TEMPl 2- 25.11 
HOIST1= 36.66 
HOISTS= 29.6 
HOISTS= 7.59 
MOIST13= 10.8 
THR VLT2= ,961 
THR VLT6- 1 .O14 
THR VLTlO= .91 
THR VLT14= .939 
MOI VLT3= .042 
MOI VLTl= .004 
HOI VLT11= .008 
M O I  VLTI5= .031 
M I N  W D I R =  -193 
M I N  TEHP4= 24.26 
M I N  TEMP8= 23.42 
M I N  TEMP12= 25.59 
HIN M O I 1 =  36.24 
M I N  HOI5= 28.85 
H I N  MOI9- 7 . 6  
M I N  MOI13= 10.69 
M I N  TVLT2= .961 
MIN TVLTb= 1.012 
M I M  TVLT10= .91 
M I N  TVLT14= -939 
HIN MVLT3= -04  
# I N  MVLT7= -004 
M I N  MVLT11= .007 
MIH MVLT15= .028 
MAX WDIR= 360.6 
MA% TEMP4- 24.86 
MA% TEMP8= 23.47 
HA% IEMP12- 25.81 
MAX M o l l =  37.01 

MAX MO113= 10.89 
MAX TVLT2= .963 
MAX TVLT6= 1.016 

MAX MVLT3= .043 
MAX MVLT7.- -005 
MAX MVLTl 1= .009 
MAX MVLTlS= .034 
SD W D I R =  75.3 

A I R  TEMP= 24.76 
TEMPl  =- 22.04 
TEMPS= 23.38 
7EMP9- 25 .6  
TEHP13= 19.4 
HOIST2= 34.68 
HOIST6- 7.92 
MOIST1 O= 7.59 
MOIST14= 15.26 
THR VLT37 1.01 5 
THR VLT7- 1.616 
THR VLT11- .96 
THR VLT15= .992 
HOI  VLT4= .924 
M Q I  VLT8= .874 
H O I  VLT12= .163 
M I N  TEMP= 22.24 
HIN TEHPI= 22.03 
M I N  TEMPS= 23.37 
M I N  TEMP% 25.47 
M l N  TEMP13= 19.2 
H I N  M012- 34.27 
M I N  H016= 1.81 
HIN MOI10- 7.6 
M I N  MOI14= 15.04 
MIN TVLT3= 1.014 
HIN TVL.T7= 1.601 
HIN TVLT11= .96 
#IN TVLTl5= .991 
HIN MVLT4= -909 
M I N  HVLT8= .863 
M I N  HVLT12= . I 3 8  
MAX TEMP= 31.35 
MA% T E M P l =  22.08 
MAX TEMPS= 23.42 
MAX TEMP9= 25.7 
MAX TEMP13= 19.66 
MAX M Q I 2 =  34.97 
MAX MOI6= 7.90 
MAX MOI10= 7.61 
MAX MOI14- 15 .43  
MAX TVLT3: 1.017 
MAX TVLT7= 1.64 
MAX TVLT11.- .962 
MAX TVLTIS- .995 
MAX MVLT4- .937 
MAX HVLT8= .882 
HA% MVLT12= .189 
AVG WSPO- 1.366 

A V G  HUM= 84.5 
TEMP2= 23.28 
TEMP67 ?5.69 
TEMP107 20.95 
TEMPl  4 1  22.27 
HOIST3= 10.04 
MOIST7= 7.65 
MOIST1 1- 7.61 
MOIST15- 9.21 
THR VLT4= .986 
THR VLT8= -964 
THR VLT12= 1.014 
M O I  VLTl- -798  
HOI VLT5= .498 
M O I  VLT9= .006 
MOI VLT13= .OS1  
M I N  HUM= 62.84 
M I N  TEMP2= 23.28 
M I N  TEMPS= 25.56 
MIN TFMP10= 20.97 
M I N  TEMP14= 22.28 
M I N  M O 1 3 =  9.89 
M I M  HOI7= 7.64 
M I N  MQI11= 7.6 
M I N  M O I 1 5 =  8.97 
M I N  TVLT4= .983 
M I N  TVLT8= .954 
M I N  TVLT12= 1.012 
M I N  MVLTl= .776 
M I N  HVLT5= .47 
M I N  HVLT9.- -005 
M I N  MVLT13.- .OS 
MAX HUM- 90.4 
MAX TEMP2= 23.34 
MAX TEMP6.- 25.78 
MAX TEMP10= 20.99 
MAX TENP14- 22.33 
MAX M O I 3 =  10.16 
MAX M O I ? =  7.69 
MAX M O I 1 1 . -  7.64 
MAX MOI15= 9.43 
MAX TVLT4- .996 
MAX TVLT8- .966 
MAX TVLT12= 1.017 
MAX MVLl1- -814 
MAX MVLTS= -5’11 
MAX MVLT9= .007 
MAX MVLT13= . O S 2  
AVG WMAG- .185 

WIND SPQ= 1.366 
TEMP3- 25.73 
TEMP’?= 65.35 
TEMP1 1 = 23.24 
TkMP15= 24.72 
MOIST4= 39.12 
MOIST8= 38.17 
M O I S T 1  2= 11 7.58 
THR VLTl= .933 
THR VLTS= -962 
THR VLT9= 1.012 
THR VLT13= .875 
MQI VLT2= -705 
MOI VLT6= 0 
HOI  VLT10= -006 
HOI VLT14= -119 
M I N  W5PD= 1 
HIN TEMP3= 25.65 
M I N  TEHP7: 63.45 
M I N  TEMPll- 23.23 
M I N  T E M P I S =  24.62 
H I N  MOI4= 38.87 
M I N  MOI0- 37.98 
M I N  MOI12= 16.32 
M I N  TVLT1= .934 
M I N  TVLl5= .963 
M I N  TVLTS- 1.01 
# IN  TVLTIJS .El71 
M I N  MVLTZ=- . 685  
M I N  MVLT5= 0 
# IN  MVLTlO= .Q05 
M I N  MVLT14= -115 
MAX WSPD= 9 
MAX TEHP3: 25.82 
MAX TEMP7- 68.22 
MAX TEMP11- 23.3 
MAX TEMP151 24.81 
MAX MOI4= 39 -39  

MAX TVLTl= .935 
MAX TVLT5= .964 
MAX TVLT9= 1.014 
MAX TVLT13= .881 

MAX MYLT10= .007 
HAX MVLT14= .122 
AYG W O I R =  318.7 
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6.  LEACHATE COLLECTION 

The experimental design allows for sampling soil leachate at six 

points within each lysimeter. One point is the reservoir located at 

the bottom of each lysimeter, and the other five are at the locations 

of the five porous cups. 

reservoir and cup number three (located immediately below the waste 

form) is be-fng collected and analyzed for radioactivity. If activity 

is noted in soil leachate from cup three, additional cups located below 

the waste form can be added to the sampling program. Samples are 

collected on a quarterly basis, with the first set being taken in 

September 1985. 

Initlally, only leachate from the bottom 

6.2 RESULTS OF THE FIRST LEACHATE SAMPLING 

On September 25, 1985, the first set of leachate samples was 

collected from the five EPICOR-I1 lysimeters. 

for a total of 56 d (since August l), and a total of 267.9 mn of 

precipitation (173.8 L volume over each lysimeter) had been recorde 

the site. Samples were drawn from the number three porous cup of each 

lysimeter using a hand-operated vacuum pump that could deliver a 

suction of 63.5 cm Hg to the porous cup via the Tygon tubing. 

vacuum had dissipated to approximately 13 cm Hg, the liquid in the cup 

was drawn to the surface and into a 100-mL test tube fitted with a 

two-hole rubber stopper using the portable hand pump. 

approximately 100 mL of liquid was sampled from the number three porous 

cups of each lysimeter. 

The covers had been off 

When the 

In this manner 



To sample the leachate that had drained to the bottom collection 

reservoir, a vacuum pump was connected t o  a 10-L Erlenmeyer flask, 

which was in turn connected to a Tygon tube that ran to the bottom of 

the reservoir. All the leachate was pumped from the reservoir and 

emptied into a 54-L plastic carboy. During the sampling processI the 

liquid was monitored continuously for radioactivity using a 

Geiger-Muller counter, and a small sample of the leachate was set aside 

for later radiochemical analysis, Immediately after sampling. the pH 

and electrical conductivity of the five liquid samples collected from 

the lysimeter reservoirs were measured. In addition, a 1-L sample was 

prepared for a gross gamma screening analysis using the Environmental 

Sciences Division low-level ga a-ray spectrometry laboratory with its 

high-resolution, lithium-drifted germanium [Ge(Li)] detector. The 

purpose of this gama scan was to determine if any gama-e 

radionuclides, particularly 137Cs,  were present in the liquid before 

the samples were acidified and sent to the Analytical Che 

Oivision for further analysis, Table 10 summarizes the volumes of  

ate and the chemical characteristics of the ten samples collected 

in September 1985. 

es collected from the bottom reservoir (Table l o )  range 

30 to 48% of the input precipitation, indicating that 52 to 70% o f  the 

rainfall was held in the lysimeter fill or evaporated to the 

atmosphere, 

contained on ly  10 moisture when it was loaded into the lysimeters. 

Continued volume measurements will determine if the lysimeters will 

continue to exhibit such a wide variation in percentage of  input 

rainfall attenuated. 

This is not surprising given the fact that the soil 
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Table 10. Volumes and gama ac t iv i ty  of  leachate samples collected in 
September 1985 

Electri ea1 
vo 1 ume Conductivity C S  -1 33 c0-60 

Samp 1 e ( L )  PH (mmhos/cm) ( 8q/L 1 ( B W )  

Reservior 

1 

2 

3 

4 

5 

52 6.1 2.200 c0.2 c0.2 

58.5 6.7 7.500 c0.1 0.14 5 0.12 

65.5 6.4 4.600 0.20 -“t. 0.12 eo. 2 

83.5 6 .8  * 1 20 c0.2 4 . 2  

74 6.9 .380 c0-7 c0.2 

cup 3 

1 0.1 --- - .- 0.93 5 0.62 c0.6 

2 0.1 --- I .- 0.36  2 0.29 c0.4 

3 0.1 --- - -- 4 . 3  0.70 5 0 .44  

4 0.1 --- --- co.5 c0.6 

5 0.1 I-- - -- <O, 5 c0.6 
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Data in Table 10 also indicate that there were no radionuclides 

present in either of  the two leachate samples collected from each 

lysimeter, 

this condition changes and radionuclides become mobilized with 

continued leach time. 

Continued sampling on a quarterly basis will determine if 
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7. PROJECT SUMMARY 

This report documents the first year of ORNL's participation with 

ANL, EG&G, and the NRC In a field experiment designed to investigate the 

leaching characteristics of solidified, radioactively stressed 

ion exchange resins. The work involved the installation of five sail 

lysimeters, providfng conditions similar to those expected of shallow 

land disposal in the humid eastern United States. Calibration of 15 

soil molsture/temperature probes used I n  the lysimeters was an 

important part of the effort, as was development of a data acquisition 

system that would allow for fast and simple processing of the large 

amounts of data being collected. Leachate collection and analysis, 

though an integral part of  the experimental design, has only just begun 

and is, therefore, covered briefly i n  Sect. 6. A more detailed 

analysis of leachate characteristics and trends that might be observed 

through time are the subjects of future reports. 

A brief summary of the first year of the field study is as follows: 

1. Installation of  the field lysimeters, including loading with 

Fuquay soil, placement of  moisture cells and porous cups, and 

placement of  ion exchange samples, was completed in June 1985. 

An initial data collection period was carried o u t  in July 1985, 

and the lysimeters were opened to precipitation on August 1, 

1985, Since that time several problems have been noted with the 

CR-7 data logger, and repairs are being made as the experiment is 

in progress. 
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2. Laboratory ca l ibra t ion  of the  s o i l  moisture c e l l s ,  which was a 

large p a r t  of t h e  f i r s t  year ' s  e f f o r t ,  was successful w i t h  two 

mathematical re la t ionships  ( third-order  polynomial of  negative 

natural  log of c e l l  voltage versus s o i l  moisture) being derived 

t o  describe the  moisture ca l ibra t ion  curve i n  Fuquay s o i l  and  

s i l i c a  sand. 

3. Soil  moisture data presented i n  Appendix D ind ica te  t h a t  several 

of the  s o i l  moisture c e l l s  (1 ,  2 ,  4 ,  5, 7 ,  and 12) began t o  show 

an increase i n  moisture d u r i n g  the  July data col lect ion period 

while the  lysimeters were s t i l l  covered. A possible explanation 

f o r  t h i s  i s  the detection of migrating water associated w i t h  the  

s i l i c a  f l o u r  paste used t o  surround the  porous ceramic sampling 

tubes.  No other  source of water was introduced i n t o  the  

lysimeters u n t i l  the covers were removed on A u g u s t  1 ,  1985. 

The probes t h a t  d i d  not r e g i s t e r  th i s  increase i n  s o i l  moisture 

d u r i n g  June and J u l y  uniformly showed a large increase i n  

moisture on Jul ian day 228 (August 16 ,  1985) when 101 

prec ip i ta t ion  was recorded. Further monitoring wil l  be required 

t o  determine i f  the  s o i l  i n  the  lysimeters ever d r i e s  t o  the 

point where l e s s  than saturated conditions a r e  measured by the 

s o i l  moisture probes. 

4 .  The data acquis i t ion system required t o  process data tapes from 

the  C R - 7  logger was constructed and consis ts  of  software designed 

t o  e x t r a c t  a p a r t i c u l a r  parameter of  i n t e r e s t  and p l o t  i t s  

f luc tua t ion  by month. Examples o f  these data a r e  presented i n  

Appendix 0. 

managi~g the quantity of data produced by t h e  lysimeters and the 

meteorological s t a t i o n .  

These monthly p lo ts  appear t o  be an excel lent  May o f  
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eted in September 

months of exposure 

rainfall, no radionuclides migrated from the solidified 

5, The first leachate sampling was cornp 

indicates that, during the first t w o  

985 and 

Pa 

resin 

samples. Only continued monitoring will answer the question of 

resin decomposition and contaminant migration through time. 
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APPENDIX A 
LISTING OF THE C8-7 D A i A  LOGGER PROGRAM 

Command Pa fame te r Value Descri pt i on 

* 
1 

2 

3 

4 

5 

6 

7 

8 

1 
P 
1 
2 
3 
4 
5 
6 
7 
P 
1 
2 
3 
4 
5 
6 
7 
P 
1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
P 
1 
2 
P 
1 
P 
1 
2 
P 
1 
2 
P 
1 
2 
3 

1.789 
3 
1 
2 
1 
12 
4 
1 
1 
3 
1 
2 
2 
2 
1 
0.01 
0 
4 
1 
16 
1 
1 
1 
1 
1 

1 
1000 
5 
0.71952 
0 
92 
1440 
10 
7 7  
110 
72 
1 
1 
71 
64 
2 
74 
64 
00 
2 

Exec. cycle time 
Pulse count 
Reps 
Input card 2 
Input channel 1 
Configuration 
Data location 
Multiplier 
Offset 
Pulse count 
Reps 
Input card 2 
Input channel 
Configuration 
Data location 
Mu 1 ti p 1 i er 
Off set 
Excite, delay, measure 
Reps 
Range (500 mv) 
Input card 
Input channel 
Excitation card 
Excitation channel 
Measurements per 

Delay (.Ol s )  
Excitation voltage 
Storage location 
Mu1 tip1 ier 
Off s e t  
If time interval 
Minutes 
Command 
Output time of day 
Day, hours, minutes 
Totalize 
Reps 
Start input 1 oc 
Average 
Reps 
Starting input iloc 
Minimize 
Reps 
Include time 
Starting input loc 

excitation channel 
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APPENDIX A .  (Continued) 

Comnand Parameter Value Oescri p t i  on 

9 

10 

* 
1 

2 

3 

P 
1 
2 
3 
P 
1 
2 
3 
4 
2 
P 
1 
2 
3 
4 
5 
6 
1 
8 
P 

7 
2 
3 
4 
5 
6 
7 
8 
9 
10 
P 
1 
2 
3 
4 
5 
6 

1 

a 
9 

10 
11 

73 
64 
00 
2 
16 
1 
0 
4 
5 
300 
11 
1 
1 
4 
1 
2 
2 
1 
0 
12 

1 
1 
3 
1 
2 
1 
2 
3 
1 
0 
5 
15 
1 7  
3 
1 
1 
3 

5 

2000 
36 

2 
0 

Haximi ze 
Reps 
Time 
Star t ing  i n p u t  loc 
Wind vector 
Reps 
Sensor t y p e  
Wind speed data lac: 
Wind d i r .  data lac 
Execution cycle time 
Read temp. probe 
Reps 
Input card 
Input channel 
Excitation card 
Excitation channel 
O u t p u t  location 
Mu 1 t i  p i  i e r  
O f f  set 
Read temp compensated 
R.H.  probe 
Reps 
Input card 
Input channel 
Excitation card 
Excitation channel 
Measurements/ternp. 
Temp. i n p u t  data loc 
R . H .  data location 
Mu1 t i p 1  ie r  
O f f  s e t  
A C bridge 
Reps 
Range 
Input card 
F i r s t  i n p u t  channel 
F i r s t  exc i ta t ion  card 
F i r s t  exci ta t ion 
c hanne 1 
Measurements per 
exci ta t ion channel 
Excitation voltage 
First measurement 
storage location 
Nul t i p 1  i e r  
O f f  s e t  
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APPENDIX A .  (Continued) 

Comnand Parameter Value Description 

4 

5 

6 

7 

8 

9 

10 

11  

12 

P 
1 
2 
3 
4 
5 
6 
7 
8 
9 
P 
1 
2 
3 
4 
5 
6 

7 

8 
9 

10 
1 1  
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 

55 
15  
36 
6 
-44.168 
169.78 
-264.52 
288 .56  
-1 6 2 . 2 3  
37 e 596 
5 
15 
17 
2 
1 
1 
3 

5 

1000 
51 

1 
0.00001 
40 
51 
6 6  
40 
52 
67 
4 0  
53 
68 
40 
54 
69 
40 
55 
70 
4 0  
56 
71 
40 
57 
72 

Polynomial 
Reps 
Starting input loc 
Destination 
Coefficient 1 
Coefficient 2 
Coefficient 3 
Coefficient 4 
Coefficient 5 
Coefficient 6 
A C bridge 
Reps 
Range 
Input card 
First input channel 
First excitation card 
First excitation 
channel 
Measurements per 
excitation channel 
Excitation voltage 
First measurement 
storage location 
Nul t ipl i er 
Off set 
Instructions 6 - 20 

take voltage 
measurements stored in 
locations 51 - 65 and 
put In in locations 
€96 - 80 
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APPENDIX A .  (Continued) 

Parameter Value Desc ri pti on 

1 3  

1 4  

15 

16 

17 

18 

19 

20 

21 

22 

P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
P 
1 
2 
3 
4 
5 
6 
7 
8 
9 
P 
1 
2 
3 
4 
5 
6 
7 
8 
9 
3 
P 
1 
4 

40  
58 
73 
40 
59 
74 
40 
60 
75 
40 
61 
76 
40  
62 
77 
40 
63 
78 
40 
64 
79 
40 
65 
80 
5 5  
12 
66 
21 
47.574 
19.799 
3.2416 
0 .1739  
0 
0 
55 
3 
78 
33 
53.000 

223 07 
124.20 
0 
0 
1 
10  
99 
20 

138.62 

Polynomial 
Reps 
Starting i nput 1 oc 
Destination 
Coefficient 1 
Coefficient 2 
Coef f icienl 3 
Coefficient 4 
Coefficient 5 
Coefficient 6 
Polynomial 
Reps 
Starting input loc 
Destination 
Coefficient 1 
Coefficient 2 
Coefficient 3 
Coefficient 4 
Coefficient 5 
Coefficient 5 
Execution cycle time 
Battery volt 
Storage location 
Tape enabled 
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APPENDIX 0 
LISTING OF TRANS.BAS PROGRAM 

100 REM *** t h i s  p r o g r a m  t r a n s f e r s  d a t a  f r o m  com 2 t o  a d i s k  f i l e  
110 DEFINT I,J,K,L,M,N : D I M  L IN$(510)  

130 ON ERROR GOTO 830 
140 ON KEY(1) GOSUB 1180 : ON KEY(2) GOSUB 1060 : ON KEY.(5) GOSUB 1260 
150 ON KEY(3) GOSUB 1200 : ON KEY(4) GOSUB 1080 : ON KEY(6) GOSUB 1320 
160 KEY(1) ON : KEY(2) ON : KEY(3) ON : KEY(4) ON : KEY(5) ON : KEY(6) ON 
161  FOR K = 1 TO 10 : KEY K , " "  : NEXT K 
1 6 2  KEY 1,"SCR OF" : KEY 2,"SCR ON" : KEY 3,"PTR OF" : KEY 4,"PTR ON" 
163  KEY 5 ,  "PAUSE" : KEY 6, "STOP" 
1 7 0  CLS : FOR 3 = 1 TO 4 : PRINT : NEXT J 
180 TIPrl$ -= TIME$ 
1 9 0  INPUl  " E n t e r  t h e  f i l e  name t o  s a v e  t h e  d a t a  i n :  " ;F lL$  
200 OPEN F I L $  FOR APPEND AS #3 
210 OPEN "COM2:9600,E,7,1 ,LF,PE" AS #I 
220 J = 0 : I = 0 : L1$ = CHR$(l7) : CR$=CHR$(13) : LF$-CHR$(lO) 
230 REM *** 
240 REM *** LOOP ON THE INPUT FROM COM2 
250 REM *** 
260 NENDS = 0 
270 PRINT #I ,LIB  
280 J = J+1 : I = I+1 : NL L- 0 
290 I F  EOF(l)=O THEN 530  
3 0 0  NENDS = NENDS +1 : I F  NENDS=2 THEN 370  
310  FOR X = 1 TO 200 : NEXT X 
3 2 0  I F  EOF(l)=O THEN 530 
330  PRINT "Wai t ing  . . . .I' 

3 4 0  Y = 0 
3 5 0  FOR X = 1 10 2500 : Y = Y + l  : NEXT X 
360  GOTO 290 
370  NENDS = 0 : BEEP : PRINT : PRINT : PRINT " P o s s i b l e  End o f  Da ta . "  
380 PRINT " P r e s s :  E - End t h e  t r a n s f e r  and c l o s e  f i l e s ,  o r  C - T r y  a g a i n . ' I  
390  l $  = INKEY) : I F  T$="" THEN 390 

410 I F  T$<"E" AND T$<"e" THEN BEEP : GOTO 390 

1 2 0  p$="y" : HP$ = "N" 

400 I F  T$="C"  OR T$="Cc" THEN I = 1-1 : J = J - 1  : GOTO 270 

4 2 0  PRINT #l ,CHR$( 20)  
430 FOR X = 1 T O  5000 : NEXT X 
440 LOCl = LOC(1) : I F  LOC1<70 THEN N 1-1 : GOTO 700  
4 5 0  FOR J = 1 TO LOCl 
4 6 0  T$ = INPUT$(I ##l) : IF T $ t L F $  THEN 490 
465 PRINT TB; 
470 I F  T$=CR$ THkN PRINT A$ : L I N $ ( I )  A$ : 1 = 1+1 : A$-"" . . GOTO 4 9 0  
480 A$ = A$+T$ 
490 NEXT J 
500 I F  A$<'"t THEN PRINT AB : L I N $ ( I )  = A$ : N = I : GOTO 700 
520 N 7 1-1 : GOTO 700 
530 LOG1 = LOC(1) : I F  LOClz81 THEN 6 2 0  
540 N L  = NL+1 : IF NL<10 THEN 530 
5 5 0  I F  LOC181 THEN 600  
560 PRINT "Wai t ing  t o  f i l l  t h e  b u f f e r . "  
570 FOR X = 1 TO 100 : NEXT X 
580 LOCl = LOC(1) 
590 GOTO 620  
600 L IN$(  I )= INPUT$(81 , # I )  
610 I = 1+1 : GO70 530  
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A P P E N D I X  8.  ( C o n t i n u e d )  

620 
630 
640 
650 
660 
662 
665 
6'10 
680 
690 
7 00 
710 
7 20 
7 30 
740 
7 50 
7 60 
770 
780 
790 
800 

820 
830 
940 

850 
860 

865 
8'7 0 
880 
890 
900 
91 0 
920 
930 
940 
9 50 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 

a i  o 

L IN$(  I )  = INPUT$( LOCI ,#1) 
NENDS = 0 : P R I N T  # l ~  i l $  
L IN$(  I )  = LEFT$( L I N $ ( I )  ,79) 
I F  P$="Y" THEN P R I N T  L I N $ ( I )  
I F  HP$-"N" THEN 670 
LPRINT L IN$(  I) 
FOR X = 1 TO 200 : NEXT X 
I F  J/500<INT( J/500) THEM G O K I  280 
REM *** EIIHER 500 LOOPS HAVE OCCUREC OR THE END OF F ILE HAS OCCURRED 
N p 500 
FOR L = 1 TO N 
PRINT #3,L IN$(L)  
NEXT L 
I F  J<51Q THEN I I M 2 $  = T I M 1 8  ELSE TIM2$ = TIiul3f 
TIM38 = TIME$ 
PRINT : P R I N T  : P R I N T  
P R I N T  N ; " L l n e s  r e a d  and w r i t t e n  i n  t h e  t i m e  p e r i o d  frsm ";TIM2$;" t o  " ; T I H 3 $  
P R I N T  
I = 0 : I F  M=500 THEN 280 
GOT0 920 
REM *** 
REM *** ERROR T R A P P I N G  ROUTINE 
REM *** 
I F  ERR<61 THEN 860 
CLOSE #3 : B E E P  : BEEP : P R I N T  : P R I N T  "The d i s k  i s  F u l l .  
P lease inser t  a n o t h e r  f a r m a t e d  d i s k  i n  d r i v e  b e i n g  u s e d . "  
GOSUB 950 : OPEN F I L $  FOR OUTPUT AS #3 : RESUWE 0 

W i l l  C o n t i n u e . "  : RESUME NEXT 
CLOSE #S : CLOSE #l 
BEEP : P R I N T  "ERROR # = " ;ERR, "ERROR LINE = ";ERL 
ON ERROR GOT0 0 
REM *** 
REM *** CLOSE F I L E S  AND E X I T  
REM *** 
PRINT : P R I N T  :PRINT 'I THE T I M E  STARTED:  " ;TIMl$;Tas(35) ; "TrME ENDING:  " ; T I W E %  
END 

REM *** 
REM *** Pause f u n c t i o n  
REM *** 
P R I N T  : P R I N T  " H i t  any k e y  when Ready." 
T$  = INKEY$ : I F  T $ = " "  7HEN 1000 
RETURN 
REM ********************.&*********~*~~****~&******~*~~&*~*******~&*****~**~* 
REM *** 
REM *** T u r n  an t h e  p r i n t i n g  
REM *** 
P$ = " Y  
RETURN 

REM *** 
REM *** T u r n  ON t h e  p r i n t e r  

P R I N T  "I/O E r r o r  i n  L I N E  # ";ERL;". 

CLOSE #3 : cLasE #I 

REM * * * A * k X . & . & * * * * X X * * * X * X * * * * * k * * * * l * * X X * * * * * * * . & * * * * * * * ~ * ~ * * * * * * * . & * * * *  

REM * * * X k X a * ~ X h * k * * * * * * * * X k X X X * * X * * X * X * X X X I * * * * * ~ ~ ~ ~ * * * * * * * ~ * * * * * * * * * ~ ~ ~ ~  

1110 REM *** 
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A P P E N D I X  C 
LISllNG OF TABLE.BAS PROGRAM 

10 REM THIS PROGRAM EXTRACTS ME1 DATA AND P U I S  I I  I N  A I I I E  
20 CLS 
30 I O L A l t  ! ,0,10 
4 0  I N P U l  L N l E R  THE I - I l k  N A M t  Ok THE DATA 10 B t  TABULATEO " , F l L l $  
50 C L S  
60 L O C A T t  1 0 , l O  
7 0  I N P U T  " E N l t R  THE F I L E  NAHl  ((1 SAVL IHf 5UHHARV T A B I F S  I N  " , FI130 
EO P R I N T  C H R $ ( I Z ) ,  
90 LOCATE 1 0 . 1 0  : P R I N I  'I********** P L t A S t  W A I I .  D A l A  E L I N G  PKOLESSED *I********" 

100 OPkN F I L l ' I  I O R  I N P U l  A S  #l 
1 1 0  OPEN F I L 3 $  FOR O U T P U l  AS #3 
1 2 0  REM SET UP AN ARRAY A W I T H  A D I M E N S I O N  OF 200 
1 3 0  D I M  A # ( 2 0 0 )  
140 GOTO 1 7 0  
1 5 0  REM NOW 200 NUMBERS VAVE EfEN, ,ENlFRFD IN lO, ,ARRAY A SO GO T O  THE P R I N T  R O U T I N L  
1 5 5  P R I N T  ' J U L I A N  UAY = . A # ( 2 1 .  T IME = . A # ( 3 )  
160 GOSUB 350 
I70  
1 8 0  
1 9 0  
200 
2 1 0  
220 
2 3 0  
2 4 0  
250 
2 6 0  
270 
280 
2 9 0  
300 
31 0 
3 2 0  
3 3 0  
340 
350 
3 60 
310 
380 
390 
400 
41 0 
4 2 0  
430 
440 
4 50 

1-1 
IF E O F ( 1 )  GOTO ZbO 
L I N C  I N P U l  # I .  L I  
IC-3 
FOR J-1 10 B 
A#( I ) - V A L ( H I D $ ( L $ .  IC.6)) 
1F J = 4  THEN I C = I C - l  
l C = I C + l O :  I=I+l: N E X l  J 
I F  N200 GOT0 180 E L S E  GOTO 1 5 5  
GOSUB 920 
Cl.OSt 63 : CLOSE #l 
P R I N T  CHR$( 12) ; 
P R I N T  " * * * * * * *F INISHED.  F I L E  I' FIL38 " HAS BEEN CRtATCO**** * * * "  
P R I N T  "*******TO O B T A I N  A HARD COPY OF THE SUMMARY TABLES P R I N T  THE F I L E  " F 1 L 3 $  I' *******'I 

BEEP : BCEP : BEEP 
END 
REM L I N E S  2 3 0  TO 820 SET UP 1HE OUTPIJT T A B L L  I N  C0I.IJHNS OF FOUR 
REM OUTPUT IS TO DISK. F I L E  NAME D E F I N E D  I N  L I N E  1 1 0  
P R l N I  # J , C H R $ ( l Z ) ;  
P R I N T  # 3 , * * * * * * * * * * * * t * t * * * ~ ~ * * * * * * * * * * * X * * * * * ~ ~ ~ * * * * * * * , * * * * ~ * * ~ * * * * * * * * ~ * * * * * * * * * * ~ * h , ~  

P R I N T  # 3 , S P C ( 2 1 ) " 0 R N L  E P I C O R - I 1  F I E L U  T E S T "  
P R I N T  # 3 .  I A B ( 1 0 )  "STAT I O N  1U-"A#( 1 )  TAB(  36)  " D A I E - ' A # ( 2 )  T A B ( 6 0 ) " T I H t =  " A X ( 3 )  

P R I N T  #3. "RAlNFAI .L .="A#(4)  T A 8 ( 2 0 ) " A l H  l l M P =  "A#(  5 )  l A B ( 4 0 )  "AVG HUM="A#(6)  I A E ( 6 O ) " W I N D  S P U - " M ( 7 )  
P R I N I  #3 . "WIND D I R = " A # ( 8 )  l A B ( 2 0 ) " T C H P l = U A # ( 9 )  T A E ( 4 0 ) " l t M P 2 1 " A # (  I O )  T A B ( 6 0 ) " l E M P 3 = " A # ( l l )  
P R I N I  # 3 , " 1 E H P 4 = " A # (  1 2 )  TAB(  2 0 ) " T E M P S - " A # (  1 3 )  TAE( 4 0 ) " T & H P 6 - - " A # (  1 4 )  l A B ( b 0 ) " l  L H P 7 - - " A # ( 1 5 )  
P R I N T  # 3 . ' I E H P B = " A # (  16) I A B (  2 0 ) " 1 € H P 9 = " A # (  1 7 )  r A E ( 4 O ) " T L H P I O ~ ~ " A # (  l e )  TAB( b 0 ) " T E H P I  I - " A # (  1 9 )  
P R I N T  #3. "TEMf '12- "A#(20)  I A E i ( 2 0 ) " T E M P 1 3 = " A # (  2 1  ) l A B ( 4 0 ) " 1 E H P 1 4 -  "A#(  7 2 )  TAB(  b O ) " T E M P 1 5 - " A # ( 2 3 )  
P R I N T  K 3 .  " M O I S T 1  --"A#(241 TAB(  2 0 1  "NOISI 2; " A H 2 5 1  1 A B ( 4 O l  "MU131 3: "A#(  2 b )  TAB(  60) " M O I S l 4 - " A t (  2 7 )  

P R I N T  # 3 , . * * * * * C t * * * * * * * * * * * * * * * * * * * * * i * * * X I * * * * * ~ ~ * * * * * * * * * * * ~ * * * ~ * * * * * ~ * * * * * * * * ~ * * k * * h ~ * * * ~ * , l  

, .  . .  
4 6 0  P R I N T  #3; "HO I S I S . - " A # (  28) T A E (  20) " M O I S T b - " A # (  29 )  TAB( 4 0 )  " H O I S T I = " A # (  30) T A 8 (  60) " M O l S T B = " A # (  31 ) 
4 7 0  P R I N T  #3, " H O I S I 9 = " A # (  3 2 )  I A B ( 2 O ) " M O I S r l O = " A # ( 3 3 )  l A B (  4O)"H0lSTl I = " A # (  3 4  j T A B (  GO) " M O I S l I Z = " A # ( 3 5 )  
4 Y 0  P R I N l  #3,  "MOISI I 3 - " A # (  3 6 )  TAB( 20) " M O I S T 1 4 ~ " A # ( 3 7 )  TAB( 4 0 ) " M O I S T 1 5 - " A # (  3 8 )  T A B (  6 0 ) " T H R  Vl.Tl.-"A#( 39) 
4 9 0  P R I N T  # 3 , " T H R  V L l 2 = . " A # ( 4 0 )  T A B ( 2 O ) " T H R  V L 1 3 = " A # ( 4 1 )  l A B ( 4 0 ) " T H R  V l T 4 - " A # ( 4 2 )  T A B ( 6 0 ) " T H R  V I 1 5  " A # ( 4 3 )  
5 00 PR I N 1 # 3  , " T H R V L T 6-= "A#(  4 4 ) 1 A 6  ( 2 0) " THR V L T 7 = " A#( 4 5 ) 1 AB ( 4 0  ) " 1 HR V L 18-" P.#( 4 6 ) 1 AB ( 60 ) " TH R VL 1 9 -  " A#( 4 7 j 
5 1 0 PR I NT #3, " rHR VLT I O= "A#(  48 )  l A b (  20) 'I THR V L T  1 1 = "A#( 49  ) TAB ( 4 0 )  "THR V L 11 2 = " A # (  50) 
520 P R I N l  # 3 , " T H R  VLT "A#(  5 2 )  TAB(  2 O ) " T H R  V L T l 5 - " A # (  5 3 )  T A B ( 4 0 ) " M O I  V l . l l = " A # ( S 4 )  lAE(60) "MOI '1172- " A # (  5 5 )  

TAB(  60) " T HR VI.; 1 3 - " A # (  5 1 ) 

5 3 0  PRINI #~."HoI v L r  A # ( 5 6 )  T A B ( 2 O ) " H O I  V L T 4 - " A # ( 5 7 )  T A B ( 4 0 ) " M O I  V L T S = " A # ( S B )  l A B ( 6 0 ) " M O I  V116: "A#(59)  
-540 P R I N T  #3, "Mol V L T 7 = " A # (  60)  TAB(  L O )  "HOI V L l E - " A # ( 6 1 )  l A E ( 4 0 ) " M O I  V L T Y - " A # ( 6 2 )  r A 8 (  6 0 )  "HOI V L T I O - " A # (  6 3 )  
550 P R I N l  # 3 , " M O I  V L T l  l = " A # (  6 4 )  l A E (  20)"HOI V L T l Z = " A # ( 6 S )  T A B ( 4 0 ) " H O I  V L l l 3 - " A # (  6 6 )  T A B ( 6 0 )  "MOL V L T l ' I -  " A # (  b 1 )  
460 P R I N l  # 3 , " M O I  V L 1 1 5 = " A # ( b H )  T A B ( 2 0 ) " H I N  l t H P - " A # ( 6 9 )  T A B ( 4 0 ) " H L N  H U M = " A # ( I O )  T A B ( 6 0 ) " H I N  WSPO-"A#( 7 1 )  
570 P R I N I  # 3 , " M I N  W D l R = " A # ( 7 2 )  l A B ( 2 0 ) " M I N  T E M P I = " A # ( 7 3 )  T A E ( 4 0 ) " H I N  l f . H P Z = " A # (  1 4 )  T A E ( b 0 ) " M I N  T L M P 3 - " A # ( 7 5 )  
590 P R I N T  # 3 , " H I N  TEMP4="A#(  7 6 )  I A E ( 2 0 ) " H I N  TEHPS-"A#( 7 7 )  r A B ( 4 O ) " H I N  rEMPb:"A#( 7 8 )  T A E ( b 0 ) " H l N  T € H P I - " A # (  1 9 )  
530 P H I N T  #3,  " H I N  l E M P E = " A # (  B O )  T A B (  2 0 ) " H I N  l E M P 9 = " A # ( 8 1 )  T A B ( 4 0 )  " M I N  E M P I O -  " A # ( 8 2 )  T A B ( 6 0 )  " H I N  TtMPlI = " A # ( 9 3 )  
b00 P R I N T  # 3 ,  " M I N  1 E H P l Z = " A # (  84) 
610 P R I N T  # 3 ,  " M I N  H O I l - " A # ( 8 B )  T A B ( 2 0 ) " H I N  M O I 2 - " A # ( B 9 )  T A B ( 4 0 ) " M I N  HOI3--"A#(90) TAB( 60)  " H I N  M014: " A # ( 9 1  ) 
5 2 0  P H I N l  # 3 ,  " H I N  t i 0 1 5 - " A # ( 9 ? )  T A E ( 2 0 ) " H I N  M O I L - " A # (  9 3 )  T A B ( 4 0 )  " H I N  Mol 7 - " A # ( 9 4 )  1 A B (  6 0 ) " M I N  H O l E . ~ " A # ( Y 5 )  
570 PH I N 1 #3 , " H I N  MO I9 r " A$ ( 9 6  ) TAB ( 20 ) "H 1 N HO I I 0- "A#(  9 7 ) 
6 4 0  P R l N l  $ 3 ,  " H I N  H O I l 3 = " A # (  100) l A B ( 2 O ) " M I N  H O I l 4 = " A # (  1 0 1  ) T A B ( 4 0 )  " H I N  M O I l 5 - " A # ( l O 2 )  TAB( 60) " M I N  l V L l l  - - "A#(  1 0 3 )  
650 PR I N 1  # 3 ,  " M I N  T V L T Z - " A # (  1 0 4 )  l A B (  20) " W I N  l V L 1 3 = " A # (  1 0 5 )  l A B ( 4 0 )  " H I N  T V L 7 4 = " A # (  1 0 6 )  T A E ( 6 0 )  " M I N  T V L l S - " A # (  1 0 7 )  
660 P R l N i  # 3 , " H I N  r V L l b = " A # ( 1 0 8 )  T A B ( 2 0 ) " H I N  T V L l 7 = " A # ( 1 0 9 )  T A B ( 4 O ) " H I N  T V L T B - " A # ( l 1 0 )  T A B ( 6 O ) " H l N  rVI.T9. " A # ( l l l )  
670 PR 1 N T #3, "HIN T V L  I1 O=" A#( 1 1 2 ) TAE( 20) " H I  N TV L 1 1 1 =  "A#(  1 I 3 )  
680 P R I N l  d 3 , " H I N  l V L T 1 4 - U A # (  1 1 6 )  T A E ( Z 0 ) " H I N  T V L T l 5 = " A # (  11 I )  
6'30 P R I N T  #3 ,  " M I N  MVI I 3 7 " A # (  120) l A B ( 2 0 )  " M I N  H V L 1 4 - " A # (  1 2 1 )  
/ 00 P R 1 N I # 3  , " M I N  HV L I 7 = "A#(  1 2 4  ) TAB ( 20 ) 'I M I N HV L 1 E= "A#(  1 Z 5 ) 
7 1 0 PR I N  I # 3 ,  " M I N  H V L  I 1  1 = " A # (  1 28)  
7 2 0  P R I N T  d 3 , " M I N  H V L T 1 5 = " A # ( 1 3 2 )  T A B ( Z 0 ) " M A X  T E M P = " A # ( 1 3 3 )  T A B ( 4 O ) " H A X  HUM-"A#( 1 3 4 )  T A B ( 6 0 ) " M A X  WSPO="C#( 135)  
730 P R I N T  f3 , "MAX W D I R = " A # (  1 3 6 )  TAB(?O)"MAX l E H P l = " A # ( 1 3 7 )  l A B ( 4 O ) " H A X  T E H P 2 - " A # ( 1 3 8 )  T A E ( 6 O ) " M A X  l E H P 3 - ' A # (  1 3 9 )  
7 4 0  P R I N T  #3,"MAX T E H P 4 = " A # (  140) T A E ( 2 O ) " H A X  T E H P 5 = " & # ( 1 4 1 )  I A E ( 4 O ) " H A X  I E M P b - " A # (  1 4 2 )  l A B ( b 0 ) " H A X  T F . M P I - " A # ( 1 4 3 )  

1 A B (  2 O ) " H I N  1 E H P I  3 = " A # ( E 5 )  l A B (  4 0 ) " H I N  T E H P 1 4 - " A # (  86)  TAB(  6 0 ) " M I N  1 t M P l 5 = " A # (  8 7 )  

I AE ( 4 0 ) " M I N HO I 1 1 = "A#(  9 8 ) T A B  ( 6 0  ) " H 1 N HO I I 2 = " A#( 'J 9 ) 

TAB ( 4 0 )  "HI N TV L T  1 2 = " A # (  1 1 4 ) TALI ( 60 ) "MI N TVI. I I 3: "A#(  1 1 5 )  
T A B ( 4 0 ) " H I N  M V L T I - - " A # (  1 1 8 )  I A B ( 6 0 ) " M I N  H V L l 2 ~  "A#(  1 1 9 )  

I A E ( 4 0 )  " H I N  M V L I S = " A # ( 1 2 2 )  
I A B  ( 4 0  ) "H I  N MV L 1 9 -  " A#( 1 26 ) 

T A B ( 6 O ) " H I N  M V L T b - " A # (  1 2 3 )  
1 A B  ( 60 ) " H I N H V L  1 I 0- "A#(  1 2 7 ) 

I AB(  20) "H I N  H V L l l Z - " A # (  1 2 9 )  TAB(  4 0 )  " M I N  MVLT 1 3 - " A # (  1 3 0 )  T A B (  60) " H I N  MVL 1 l 4 = " A # (  1 3 1  ) 



APPENDIX C. (Continued) 
...______ I...^ 

7 5 0  PRINT #3,"MAX T E M P 8 - " A # ( 1 4 4 )  T A B ( 2 O ) " M A X  T E M P 9 = " A # ( 1 4 5 )  T A E ( 4 0 ) " M A X  T E M P l O = " A # ( 1 4 6 )  l A B ( 6 0 ) " M A X  l E M P l l = " A # ( 1 4 7 )  
7 6 0  P R I N l  #3  ,"MAX T E F I P l 2 - " A # ( 1 4 8 )  
7 7 0  P R I N l  #3,"MAX M O l l = " A # ( 1 5 2 )  l A B ( 2 O ) " M A X  M 0 1 2 = " A # ( 1 5 3 )  T A E ( 4 0 ) " M A X  M O I 3 = " A # ( 1 5 4 )  T A b ( 6 O ) " M A X  M 0 1 4 = " A # ( 1 5 5 )  
7 8 0  P R I N l  #3 , "MAX M 0 1 5 = " A # ( 1 5 6 )  TAB(2O) "MAX M O I 6 = " A # ( 1 5 7 )  T A E ( 4 0 ) " H A X  M 0 1 7 = " A # ( 1 5 8 )  l A 6 (  b 0 ) " M A X  # O I B ~ " A # ( 1 5 9 )  
7 9 0  P R I N l  # 3 ,  "MAX M 0 1 9 = " A # ( 1 6 0 )  l A B ( 2 O ) " M A X  M O I l O = " A # (  1 6 1  ) T A B ( 4 O ) " M A X  M O I l  l = " A # (  1 6 ? )  TAE(6O) "MAX H D I  l Z = " A # (  1 6 3 )  
800 PRINT # 3 ,  "MAX M O I l 3 = " A # (  1 6 4 )  TAE(  2 0 ) " M A X  N O I 1 4 = " A # (  1 6 5 )  TAB(  4 0 ) " M A X  M O I l 5 - " A # ( 1 6 6 )  TAE(bO)"M.AX T V L T l = " A # (  1 6 7 )  
6 1 0  P R I N l  #3."MAX T V L T 2 = " A # ( 1 6 8 )  T A E ( 2 0 ) " M A X  T V L l 3 - " A # ( l h 9 )  T A E ( 4 0 ) " M A X  T V L T 4 = " A # ( l 7 0 )  T A E ( 6 0 ) " M A X  T V L T 5 = " A # ( 1 7 1 )  
8 2 0  PRINT #3,"MAX T V L T b - " A # ( 1 7 2 )  TAE(2O) "MAX T V L T 7 = " A # ( 1 7 3 )  T A E ( 4 O ) " M A X  T V L T E = " A # ( 1 7 4 )  T A E ( 6 0 ) " M A X  T V L l 9 = " A # ( 1 7 5 )  
830 PRINT #3,"MAX T V L T l  O="A#( 1 7 5 )  T A B ( 2 0 )  "MAX T V L T l  l = " A # ( 1 7 7 )  T A B ( 4 O ) " M A X  T V L T I 2 = " A # (  1 7 8 )  TAR(  6 0 ) " M A X  l V L T 1 3 = " A # (  1 7 9 )  
840 PRINT #3,"MAX I V L T 1 4 - " A # (  1 0 0 )  l A E ( 2 0 ) " M A X  T V L T l S = " A # ( l B l )  I A H ( 4 0 ) " M A X  H V L T l = " A # (  1 8 2 )  T A E ( 6 0 ) " M A X  MVLT2="A#(  1 8 3 )  
8 5 0  P R I N T  #3,"MAX H V L T 3 = " A # (  1 8 4 )  l A 8 ( 2 0 ) " M A X  M V L l 4 = " A # ( 1 8 5 )  T A B ( 4 0 ) " M A X  M V L T 5 = " A # ( 1 8 6 )  T A B ( 6 0 ) " M A X  M V L l b = " A # ( l 8 7 )  
860 P R I N T  #3."MAX M V L T I = " A # (  1 8 8 )  T A B ( 2 0 ) " M A X  MVLT8="A#(189)  TAE(4O) "MAX M V L T 9 = " A # ( 1 9 0 )  T A E ( b 0 ) " M A X  M V L T l O - " A # (  1 9 1 )  
8 7 0  PRINT #3. "MAX M V L T I  l = " A # (  1 9 2 )  TAB(  20) "MAX M V L T l 2 = " A # (  1 9 3 )  
880 PRINT # 3 ,  "MAX M V L T l 5 = " A # (  1 9 5 )  TAB(  2O) "AVG USPO--"A#( 1 9 7 )  T A B ( 4 0 ) " A V G  wPmG="A#( 1 9 8 )  TAB(  6 0 ) " A V G  bJD lR- "A#(  1 9 9 )  
8 9 0  PRINT #3 . "SD W D I R = " A # ( 2 0 0 )  

9 1 0  RETURN 
9 2 0  R t M  THIS ROUTINE CONSTRUCTS A F O O I H O T E  TABLE 
9 3 0  P R I N T  

l A E ( 2 O ) " M A X  l E M P l 3 - " A # (  1 4 9 )  T A E ( 4 0 ) " M A X  TEMP14-"A#(  1 5 0 )  IAf i (60)  "MAX TEMPI  5 - " A # (  1 5 1  ) 

TAB( 40) "MAX M V L T l 3 = " A # (  1 9 4 )  T A g (  6 0 )  "MAX MVLT14="A#(  1 9 5 )  

9 0 0  PRINT # 3 , n * c * * * * * * * t f t * * * * f * * * * * * * * * * * * * n * * * * * * * * k * * * * * * ~ * * * k * ~ * * * ~ k * ~ h h ~ * * * * * * ~ * * * * ~ t * * ~ ~ * * ~ k , ,  

940 P R I N T  
9 5 0  P R I N T  
960 P R I N T  
9 7 0  P R I N l  
9 8 0  P R I N T  
9 9 0  P R I N T  

1000 P R I N T  
1 0 1 0  P R I N T  
1 0 2 0  P R I N T  
1 0 3 0  P R I N T  
1040 P R I N T  
1 0 5 0  P R I N T  
1 0 6 0  P R I N T  
1 0 7 0  P R I N T  
1060 P R I N T  
1 0 9 0  P R I N T  
1 1 0 0  P R I N T  
1 1 1 0  P R I N T  
1 1 2 0  P R I N T  
1 1 3 0  P R I N T  
1 1 4 0  P R I N T  
1 1 5 0  P R I N T  
1 1 6 0  P R I N T  
1 1 7 0  P R I N T  
1 1 8 0  P R I N T  
1 1 9 0  P R I N T  
1 2 0 0  P R I N T  
1 2 1 0  P R I N T  
1 2 2 0  P R I N T  
1 2 3 0  P R I N T  
1 2 4 0  P R I N T  
1 2 5 0  P R I N T  
1 2 6 0  P R I N l  
1 2 7 0  P R I N T  

n- * 
# 3 , S P C ( 2 7 ) " O R N L  E P I C O R - I 1  F I E L D  T E S T "  
# 3 , S P C ( l 9 ) " D E F l N I T I O N  OF V A R I A B L E S  USFD I N  DATA 7 A B L E S "  
...................................................................................... 
# 3 ; T A E ( l O ) " R A I N F A L L  = P R E C I P I T A T I O N  ( I N ) "  
# 3 , T A B ( l O ) " A I R  TEMP = A I R  TEMPERATURE (DEGREES C ) "  
# J , T A B ( l O ) " A V G  HUM = AVERAGE R E L A T I V E  H U M I D I T Y  ( X ) "  
# B , T A B ( l O ) " W I N D  SPD = AVERAGE WIND SPEED ( ) "  
# 3 , T A E ( l O ) " W I N D  O I R  = AVERAGE WIND D I R E C T I O N  ( ) "  
# 3 , T A B ( l O ) " T E M P l - T E M P 1 5  = AVERAGE PROBE TEMPERAlURE (DEGREES C ) "  
#3,TA8(lO)"MOlST1-MOIST15 = AVERAGF PROHE HOISTURE ( X ) "  
# B , T A B ( l O ) " T H R  V L T l - T H R  V L T 1 5  = AVERAGE THERMISTOR VOLTS ( V O L T S ) "  
# 3 , T A E ( l O ) " M O l  V L T l - M O I  V L T l 5  = AVERAGE MOISTURE VOLTS ( V O L T S ) "  
# 3 , T A E ( l O ) " M I N  TEMP = M I N I M U M  A I R  TEMPERATURE (DEGREES C)" 
# 3 , T A B ( l O ) " M I N  HUM : M I N I M U M  R E L A T I V E  H U N I O I T Y  ( X ) "  
# B . T A E ( l O ) " M I N  WSPD = M I N I M U M  WINO SPEED ( ) "  
# 3 . T A E ( l O ) " M l N  W D I R  = M I N I M U M  WIND D I R E C T I O N  ( ) "  
# 3 , T A E ( l O ) " M l N  TEMP1-MIN T E M P 1 5  = M I N I M U M  PROBE TEMPERATURE (DEG C ) "  
# 3 , T A E ( l O ) " M l N  M o l l - - M I H  M 0 1 1 5  = M I N I M U M  PROBE NOISTURF ( X ) "  
# 3 , T A E ( l O ) " M I N  T V L T l - M I N  T V L T 1 5  = M I N I M U M  THERMISTOR VOLTS ( V O L T S ) "  
# 3 , T A E ( l O ) " M I N  M V L T l  - M l N  M V L T 1 5  = MINIMIJM MOISTURE VOLTS ( V O L T S ) "  
# 3 , 1 A E ( l O ) " M A X  TEMP = HAXIHUM A I R  TEMPERATURE (DEGREES C ) "  
# 3 , T A E ( l O ) " M A X  HUM = MAXIMUM R E L A T I V E  H U M I D I T Y  ( X ) "  
# 3 , T A E ( l O ) " M A X  WSPO = MAXIMUM WINO SPEED ( ) "  
# 3 , T A E ( l O ) " M A X  WDIR = MAXIMUM WIND D I R E C T I O N  ( ) "  
# 3 . T A B ( l O ) " M A X  TEMPI-MAX TEMP15 = MAXIMUM PROBE TEMPERATURE (~OCG C ) "  
# 3 , T A B ( l O ) " M A X  M o l l - M A X  M o l l 5  = MAXIMUM PROBE MOISTURE ( X ) "  
# 3 , T A E ( l O ) " M A X  T V L T l - M A X  T V L T 1 5  = MAXIMIJM THERMISTOR VOLTS ( V O L T S ) "  
# 3 , T A E ( l O ) " M A X  MVLT l -MAX M Y L T 1 5  = MAXIMUM MOISTURE VOLTS ( V O L T S ) "  
# 3 , T A E ( l O ) " A V G  WSPD = AVERAGE WINO SPEED ( ) "  
# 3 , T A E ( l O ) " A V G  W A G  = AVERACS WINOVECTOR MAGNITUDE ( ) "  
# 3 , T A E ( l O ) " A V G  WOIR = AVERAGE WINDVECTOR DIRECTION ( ) "  
# 3 , T A B ( l O ) " S D  WOIR = STANDARO D E V I A T I O N  OF WIND D I R E C T I O N  ( ) "  
...................................................................................... 

1 2 8 0  RETURN 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 



APPENDIX D 
METEOROlOGICAL DATA FROM JUNE THROUGH AUGUST 1985 
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ORNL-DWG 86-1474 

SWSA 6 RELATIVE HUMIDITY JUNE 1985 
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ORNL-DWG 86-1458 

SWSA 6 AIR TEMPERATURE JULY 1985 
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ORNL-DWG 86-1 460 

SWSA 6 WIND SPEED JULY 1985 
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ORNL-DWG 86-1462 

SWSAG RAINFALL AUGUST 1985 
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ORNL-DWG 86-1464 

SWSA 6 REL,ATIVE HUMIDITY AUGUST 1985 
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ORNL-DWG 86-1450 

LYSIMETER TWO SOIL TEMPERATURE 
PROBE 4-+ PROBE 5-X PROBE 6-* 
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ORNL-DWG 96-1 438 

LYSIMETER FOUR SOIL TEMPERATURE 
PROBE IO-+ PROBE 1 1 - X  PROBE 12-* 
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ORNL-DWG 86-1442 

LYSIMETER ONE SOIL MOISTURE 
PRWE I=+ PROBE 2-X PROBE 3=+ 
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ORNL-DUG 86-1444 

LYSIMETER ONE SOIL MOISTURE 
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ORNL-DWG 86-1 431 

LYSIMETER THREE SOIL MOISTURE 
PROBE 7-+ PROBE 8-X PROBE a=* 
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LYSIMETER FOUR SOIL MOISTURE 
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ORNL-DWG 86-1437 

LYSIMETER FIVE SOIL MOISTURE 
PROBE 13- PROBE 14-X PROBE 15- 
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