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ABSTRACT 

A f1e ld study was des1gned to mon1tor the release (1f any ) of beta­

and gamma-produc1ng rad\onuc l1des from so l1d 1f1ed E PICOR- 1 1  1on exchange 

res1ns. Both Port land Type 1- 1 1  cement and Dow v1nyl ester-styrene waste 

forms are be\ng tested \n lys1meter arrays located at Argonne Nat1ona l 

laboratory 1n 111\no\s (ANl-E) and Oak R\dge Nat1onal laboratory (ORNL ) .  

The study 1s des\gned so that cont1nuous data on nuc l 1de re lease and 

movement, as we l l  as env 1ronmental cond1t1ons, w111 be obta1ned over a 

20-yr per1od. Resu lts of the f1rst year of data acqu 1s1t1on are presented 

and d1scussed. Unusua l occurrences over that per1od are a lso descr1bed. 



SUMMARY 

One of the tasks developed to address the dt sposa l of rest n wastes 
contat ned t n  E PICOR-11 preft lters t s  ft eld testt ng. The purpose of the 
task, ustng lJst .. ter arriJS at Oak Rt dge Natt onal LaboratorJ (ORNL) and 
Argonne Natt onal laboratorJ t n  ll lt not s (ANL-E), t s  to expose sa.,les of 

solt dtft ed rest n waste to the actual phJst cal, ch .. t cal, and 
•t crobt o logt ca l condt tt ons of a burt a l  envt ron.ent. The studJ t s  dest gned 

so that contt nuous data on nuclt de release and .ov.-ent, as well as 
envt ron.ental condt tt ons, wt l l  be obtat ned over a 20-Jr per1od. 

LJst .. ters used t n  tht s studJ were dest gned to be se lf-contat ned 

unt ts. E ach ts a rt ght-ct rcular CJlt nder dt vt ded t nto an upper 
ca.part .. nt, wht ch contat ns ft ll .. tertal, waste for�5, and 

t nstr�ntatt on, and a lower co.part .. nt, wht ch col lects leachate. four 
lJst .. ters at each st te are ft l led wtth sot l, wht le a f1fth (used as a 

control) t s  ftl led wt th t nert stlt ca oxt de sand. lnstr�ntat1on wt tht n 

each lJst .. ter t nc ludes porous cup sot l-water sa.plers and sot l 

.ot sture/t..,erature probes. The probes are connected to an on-st te data 

acqut st tt on and storage SJSt .. (DAS) vht ch also collects data fro. a ft eld 

.. teorologt cal statt on located at each st te. 

Each .onth, data stored on a cassette tape are retrt eved fro. the DAS 
and translated t nto an IBM PC co.patt b le dt sk ft le. At least quarterlJ, 

water t s  drawn fro. the porous cup so11-water sa.plers and the lJst .. ter 
leachate collectt on ca.part .. nt. Those water sa.ples are ana lJzed for 

beta- and �-product ng nuclt des. 

Results of the ft rst Jear of data acqut st tt on are presented t n  tht s 

report. These results show that radt onuclt des are .ovt ng fro. the waste 

for.s t nto the sot l colu.n .uch sooner than expected. Also, sot l and 
prect pt tatt on dt fferences have resulted t n  .ore 90sr .ovement at ORNL 

than at All-E. 
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LYSI"£T£R DATA fR� EPICOR-11 WAST£ FOR!$--FISCAL YEAR 1986 

J•TRODUCTION 

Solt dtft ed �ste for.s contatnt ng EPICOR-11 ton exchange restn waste 
ar e currentlJ betng fteld-tested ustng lJst .eter s. The tntent of the 

testtng ts to expose waste for• s a.,les to the phJst cal, ch .. tcal, and 
•tcrobt ologtcal envtronM�nt of tJptcal dtsposal sttes tn the eastern Unt ted 

States. It ts tntended that the lJst .eters be used as tools to .onttor 
re lt�se of nucltdes fr o. the burted �ste for•s and pr ovtde data whtch vtll 

al low for the accurate deter•tn�tton of .ov ... nt as a functton of tt .. and 
envtr on.ental condtttons. 

LJs t  .. ter sttes hive been establtshed at Olk Rt dge •att onal LaboratorJ 

(OIIl) and Argonne lattonal laboratorJ-East (A•L-E). lnstrU�entatton 

wt thtn each of the ftve lJs t .. ters at each stte tncludes porous cup 
sotl-�ter s._,lers and sotl .ot stur e/te.peratur e probes. The probes are 
connected to an on-s t te data acqutst tt on and storage SJSt .. (DAS) whtch 

also collects data fro. a fteld .. teorologtcal statton located at each 
stte. A detatled descrtptt on of the lJst .. ters and thetr t nstallatton ts 

1 contat ned tn an earlt er report. 

Thts r eport contatns data fro. the ftrst Jear of operatton of the 
lJst .. ters. These data t nclude tnfor .atton retrteved fro. the DAS as well 

as beta and ga-.. analJses of water vhtch has passed through the lJst .eters. 

1 



MATER IALS AND METHODS 

Description of Waste Forms 

Waste forms used in the fie ld test are composed of solidified 

EP ICOR-11 prefi lter resin wastes. Two waste formu lations are used in the 

so lidification project. Type A is a mixture of synthetic organic \on 

exchange res\ns from Pf-7 (pheno lic cation, strong ac\d cation, and strong 

base anion resins), whi le Type B is a mixture of synthetic organic ion 

exchange res\ns from Pf-20 (strong ac1d cation and strong base an 1on 

res\ns) with an 1norgan1c zeo lite. Port land Type 1- 11 cement and viny l 

ester-styrene (a proprietary so l1dification agent developed and supp lied by 

the Dow Chemica l Company) were used to so lidify both types of resin 

wastes. Individua l waste forms were manufactured by al low 1ng a mixture of 

so lidification agent and res 1n waste to so l 1d 1fy 1n 4.8-cm-d 1ameter by 

1 0.2-cm-h1gh po lyethy lene mo lds. Enough of the m 1xture was added to each 

v\a l to produce waste forms with an average d 1mension of 4. 8 by 7.6 em 
3 

(137. 5 em ), as shown \n figure 1 .  A complete description of waste form 

manufacture is given \n Reference 2, whi le bench test\ng of s\milar waste 

forms is described \n Reference 3. 

Description of lysimeters 

The lys1meters are des1gned as se lf-conta 1ned units which can be 

easi ly disposed at the termination of the field test experiment. A tota l 

of 1 0  lysimeters are used, with five p laced at each fie ld site. Each 

lysimeter is a right-circu lar cy linder (0. 9 1  m ID by 3.12 m in height) 

constructed ot 12-gage, 3 1 6l stain less stee l (figure 2). Internally, the 

lys1meter is d1vided \nto two sections, the upper be 1ng 1 532 l \n vo lume 

and the lower being 396 �. A 3. 8-cm, Schedu le 40, stain less stee l p\pe 

serves as an access to the lower compartment. Soi l, instrumentation, and 

waste forms are contained in the upper compartment, whi le the lower 

compartment serves as a leachate co l lector . 
. 

2 



r,gure 1. An exa�le of an £PICOR-11 waste for• . 
• 
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Four 11s1 .. ters at each fteld s1te are f111ed w1th so11; the r.-.1n1ng 
one ts a control f111ed wtth an 1nert stltca sand.1 

Two dtfferent sotls 
were used. One was representattve of Mt dwestern sotls; the other was 

1ntended to approx1.ate so11 found at Barnwell, South Caroltna. All-£ used 
local tndtgenous so11 vh1ch ftt the IRC crtter1a for the Mt dwestern sotl. 
It 1s a Rorlef s1lt 1�. wtth the surface la1er re.oved. The resulttng 

subsurface sotl 1s a cla1 1�. So11 at ORIL was not found to be a 

sut tabl� subst1tute for Barnwell so11. Therefore, sotl acceptabl� to the 

IRC was transported to ORIL fr� the Savannah Rt ver Plant adlacent to the 
Barnwell factltt1 1n South Cirolt na. 

Electrt cal t .,ulses fra. the envt ron.ental t nstr�nts are collected 

bf, processed 1n, and stored bf the OAS for pertodt c retrteval. The OAS 
processes tnput 1nto recogntzabl� data ustng progra.-.ble steps. Output 

fra. the sotl .ot sture probes, for exa.ple, t s  processed bf a polyno.t al 
1 equat1on vht ch was der1ved fra. laborator1 calt bratt on of the probes. 

Data OMtput fro. the DAS 1s stored on a cassette tape and, after 

retrt eval, t s  translated to an IBM PC co.patt ble dt sk ft le. Hard copf from 
these ft les 1s prov1ded etther t n  a prtnted for .. t or graphtcally. The 

grapht c dtsplaf presents data over an extended tt .. pertod. The graphtc 
presentatton was used for thts report. 

�ter fr� each lyst .. ter t s  drawn fr� porous cup so1 1-water sa.,lers 

and lyst .. ter leachate collectt on co.part .. nts at least quarterly. These 
water s.-ples are analyzed routtnely for ga.-.-productng nuc11des and were 

90 ort gtnallJ scheduled for analyst s of the beta-productng nucltde Sr on a 
rearly bast s. �ter analrses are perfor .. d at AIL-E by the E nvt ron.ental 

Servtces Laboratory and at ORIL bJ the Envtron-.ntal Radto Analrsts 
Laboratory. Both of these laboratortes have a traceable qualttr assurance 

progr_. and use accepted analrttcal procedures for nucltde deter•t natton . 

• 
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RESULTS AND D ISCUSSION 

The DAS systems functioned well during the first year. There was a 

period from late August 1 985 unti l November 1985 that the ORNL system was 

down. Length of the downtime was caused by the necess1ty of returning the 

unit to the manufacturer for repairs. No other serious problems have been 

encountered with these systems. Retrieva l, trans lation, and disp lay of 

stored data from the two systems have been accomp lished with ease. 

Weather Data 

Wind speed, air temperature, re lative humidity, and rainfa l l, as 

recorded over a 12-month period by the DAS systems for the ANL-E and ORNL 

sites, are found on Figures 3 through 1 0. Rainfa l l  data from the ORNL site 

appear great ly exaggerated. Th\s trend became apparent dur\ng 

December 1985, and ear ly ind\cations were that the Weather "easure tipping 

bucket rain gauge supp lied w1th the DAS system was not capable of 

accurate ly responding to periods of intense rainfall. In June 1986, th1s 

rain gauge was rep laced with a C limatron1cs tipping bucket gauge which 1s 

des1gned for episod1c h1gh-intensity rainfa l l. Data fr� this gauge appear 

to be accurate; however, the rainfa l l  data recorded by the DAS contain 

occasiona l, erroneous ly high data points . Corrective measures for 

determining the source of these spurious data are ongoing. They inc lude 

monitoring the rain gauge with a separate, sing le-channe l data co llection 

system and testing of the circuits within the DAS system that are 

responsib le for processing rainfa l l  data. This ma lfunction has not 

resu lted 1n a loss of rainfa l l  data, since both ANL-E and ORNL have 

mechanica l recording rain gauges in c lose proxim1ty to their lysi.eter 

sites. Data from those nearby ra1n gauges (Tab le 1) were used to ca lcu late 

the tota l quantities of prec\pitation received by each site. Air 

temperature data from ANL-E (figure 4) show that there were days of 

freezing temperatures from mid-November 1 985 until mid-"arch 1986, wh11e 

there were very few days with air temperatures of o•c at ORNL (f 1gure 8). 



TABlE 1. YEARl Y PRE C IPITATIOM AT ANl-E AND DRNl AS MEASURED BY BACK-UP 
IMSTRUN(NTATION--JUNE 1985 THROUGH JULY 19B6 

Prec,pHit,on 
lc•) 

Nonth Yl.. DRML 

Ju1� 13. 3 

Augu s tb 5.6 23. 1 

Septlllber' 6. 3 4. 3 

October 11.6 7. 6 

Novttlber 18.9 10. 2 

O.c...,_r 1. 7 5.3 

JlnUUJ 0.6 3. 1 

f ebrUir r' 6. 4 10.4 

March 7.6 7. 1 

Apr' l' 4. 0  5. 1 

... , 1.1 7. 7 

June' 11.1 2.6 

Ju1J 8. 6  

I. Ohl 1rs, .. ter exper, .. nt '"'l'lted '" Ju1J. 

b. AIL-E 1rs, .. ter exper, .. nt '"'t'1ted '" August. 

c. �nths 1e1ch1te �� retr,eved for 1n11rses. 

• 
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Lys1meter So1 1 Temperature Data 

Temperature probes located 1n all ten lys1meters at the depth of the 

waste forms (77. 9 em) 1nd 1cate that at no t 1me were the waste forms exposed 

to freez1ng temperatures (f1gures 11  through 20). P lots of the so 1 1  

temperatures further show (as wou ld be expected) that the near-surface so1 1  

temperatures (e levation 149. 0 em, 66. 7 em below the soil surface) f luctuate 

more than the 1ntermed1ate (e levation 77. 9 em) or bottom (e levat1on 

28.8 em) so 11s. It is a lso noted from these data that the frost 11ne 1n 

the so1 1 did not move as deep as the f1rst probe (66. 7 em be low the so 11 

surface). 

Some abnormal ly low soi l temperature read1ngs were observed frOM the 

1ntermediate and bottom probes 1n lys1meter ANL-3 1n January 1986 and 1n 

ANL-4 by June 1 986 (f1gures 13 and 14). There were no such occurrences 

w1th near-surface probes. One possib le explanation for the ma lfunction is 

re lated to an average soi l subsidence of 30 em 1n a l l  ANL-E lys 1meters 

except the sand-f11led contro l. It 1s hypothesized that subs 1d 1ng so 11 may 

have caused damage to the lead wires connect1ng the probes to the so1 1 

surface. These probes are now be1ng rep laced with new ones, and recent 

data from the rep lacements shows that they are funct1on1ng norma l ly. An 

examp le of how c lose ly temperature data from the ANL-E lys1meters tracked 

each other can be seen 1n f1gures 1 1, 12, and 15. 

The bottom temperature probes 1n ORNL-3 and -5 have cons 1stently 

1nd1cated e levated temperature (f1gures 18 and 20). Since the abnorma l 

read1ngs began c lose to the time of lysimeter instal lation, 1t 1s poss 1ble 

that probes or w1ring were damaged at that time. In any case. they are to 

be rep laced. A l l  of the other temperature probes at ORNL are function1ng. 

and that 1nc ludes the ones at the 77.9-cm e levation wh1ch are in the 

prox1mity of the waste forms. In addition, there 1s suff1c1ent redundancy 

1n temperature measurement from the function1ng probes in the other 

so11-filled 1ys1meters to provide adequate data on so11 temperatures. 
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Lys1meter So1 1 Mo1sture Data 

Mo1sture probes at the two s1tes show that two (ORNL) to three (ANL-E) 

months were requ1red after the lys1meters were f 1 l led w1th so 11 for the 

so11 to reach saturat1on (F1gures 2 1  through 30). These data 1nd 1cate that 

the waste forms have been exposed to mo1st so1 1 for n1ne to ten months. As 

a precaut1on, the accuracy of the probes 1n the so 11-f1 l led lys1meters was 

determ1ned by compar1ng the1r data aga1nst the grav1metr1c water content of 

so11 cores retr1eved from all four ORNL lys1meters and one ANL-E 

lys1meter. It 1s apparent from that data (Tab les 2 and 3) that the probes 

are over-est1mat1ng the so1 1 mo1sture content. Correct1ve act1on 1s 

ongo1ng and cons1sts of reca lcu lat1on of the po lynom1a l equat1on wh1ch 

transforms probe 1nput 1nto percent mo1sture. Data for reca lcu lat1on of 

the equat1on are com\ng from labora�ory reca l1brat1on of severa l so1 1  

mo1sture probes us1ng lys1meter so 1 ls. If the laboratory ca l 1brat1on does 

not produce sat1sfactory results, the probe manufacturer suggests that 

f1eld ca l1brat1on be used. Th1s wou ld be accomp l1shed by measur1ng so11s 

near the surface probes over an extended per1od of t 1me. The mo1sture 

content of so1 1 samp les through one or two wett 1ng and dry1ng cyc les would 

be determ1ned grav1metr1cally. A po lynom1a l wou ld then be ca lcu lated us 1ng 

those data. 

Dur1ng a 12-month per1od, the ANL-E s1te had 93.5 em of 

prec1p1tat1on. ORNL rece1ved 99. 0 em, wel l be low the norma l of 134 cM. 

Us1ng these va lues and the area of exposed lys1meter (6489. 5 cm
2

) .  1t 1s 

calcu lated that the ANL-£ and ORNL lys1meters rece1ved 607 L and 643 L of 

water, respect1ve ly. Tota l water retr1eved from the leachate collectors of 

each lys1meter 1s shown 1n Tab le 4. On the average . the col lectors of the 

so11-f1 11ed ANL-£ lys1meters conta1ned 128. 7 t 22.6 l; those at ORNL, 

441. 7 ± 20.9 l. The c�l lectors of the sand-f1lled lys1meters at ANL-E 

and ORNL conta1ned 337. 9 l and 528. 0 L. respect1ve ly. 

The lys1meters at each s1te rece1ved comparab le vo lumes of water . 

though those quant1t1es d1d not move through the lys1meters at each s1te 1n 

equa l amounts due to d1fferences 1n so1 1 texture and weather cond1t1ons. 
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TABLE 2. MOISTURE PROFILE OF ANL-E LYSIMETER 3 BASED  ON GRAV IMETR IC 
MEASUREMENT OF WATER CONTENT 

Mo1sture 
Depth Wet We1ght Dry We 1ght (Dry Wt) 
(em) (g) (g) (%) 

D-20 15. 76 13.42 17.4 

20-4 1 21.84 1 8.2 1 19.9 

4 1-61 22. 87 18. 80 21.0 

61-81 28. 32 23.04 22. 9 

81-102 18.70 15.24 22. 7 

1 02- 122 14.D4 1 1 . 37 23.4 

122- 1 42 17. 03 13.83 23. 1 

1 42- 162 19. 08 15.54 22. 7 

1 62- 183 1 9 . 18 15.42 24.3 
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TABU 3. NOISTURE PROFI.U Of ORNL LYSI"ETERS 1 THROUGH 4 BASED 0. 
GRAVI"£TRIC "EASURE"ENT Of WATER CONTENT 

�hture 
O.pth Wet We\ght Dry We,ght ( Dry Wt ) 

LYS,Mttr (c•) (g) (g) Cl) 
1 0-36 105.58 92.85 12. 5 
1 36-71 97.84 85.66 14.2 
1 7 1-107 17. 82 67.63 15.1 

2 0-36 10 1.07 88.90 13.7 
2 36-7 1 72. 12 63.18 14. 1 
2 11-107 92.98 8 1.35 14.3 

3 0-36 102.95 91.31 12.7 
3 36-11 72.33 63.12 14.6 
3 71-107 72.32 62.78 15.2 

4 0-36 92.49 82.00 12.8 
4 36-7 1 87. 14 76.14 13.9 
4 11-107 71.13 62.02 14.7 

TABLE 4. TOTAL OUAITITIES Of LEACHATE RETRIEVED FROM LYSI"ETERS DURING A 
12-DfH PERIOD 

SUe 

ORIL 

All-( 

_1 

4 15 

113 

_l. 
438 

132 

Quant,ty of water 

25 

� 
449 

160 

___! 
465 

112 

..2 
528 

338 
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Soi l used at ANL-E is heavier {contains more fine materia l such as silts 

and swe l ling c lay) than the soil used at ORNL. 
1 

Therefore, infiltration 

and percolation of water through the ANL-E soil would be expected to be 

significantly reduced 1n comparison to ORNL soil. The effect of weather is 

especia l ly apparent when comparing the sand-fi l led control lysimeters at 

the two sites. At ANL-E, 55% of the volume of precipitation passed through 

the lysimeter versus 82% for ORNL. During the year, 42% of the ANL-E 

precipitation came during the months of November through March when the 

average air temperature was be low o•c. This precipitation then was in the 

form of freezing rain or snow which wou ld not penetrate the frozen soil 

surface and cou ld have been b lown off (in the case of snow) or lost due to 

sub limation. Other factors such as generally gustier w1nds and lower 

humidity at ANL-E indicate that evaporation of water from the ANL-E 

lysimeters wou ld be decided ly higher than at ORNL. {Wind speed and 

re lative humidity for ANL-E and ORNL are shown in Figures 3, 5, 7, and 9. ) 

Based on the amount of water retrieved from the lysimeters, the ANL-E 

soil lysimeters had 0.18 pore volumes of water pass through them while the 

simi lar ORNL lysimeters had 0. 62 pore vo lumes. Pore volume quantities for 

the control lysimeters were 0.57 for ANL-E and 0. 94 at ORNL. Theoretically 

then, 18% of the water held in the soil pore space of the ANL-E lysimeters 

was rep laced during the year, whi le 62% was replaced in the ORNL so11 

lysimeters and 57% and 94% was rep laced in the ANL-E and ORNL control 

lysimeters, respective ly. Therefore, if nuclides were in the water 

surrounding the waste forms, the greatest opportunity for detection would 

be found in water from the ORNL site. (This is based on two 

assumptions: (a) the nuc lide is water so lub le; and (b) the soil column 

does not interfere with nuc lide movement. ) 

Radionuc lide Ana lysis 

Water samp les were co l lected from the leachate co l lectors and moisture 

cup 3 from each lysimeter on four occasions during the year (see Tab le 1). 

The first two times, water samp les were analyzed only for gamma-producing 

nuclides. The latest water samp les, taken at both sites in Apri l and 
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June 1916, ver e analyzed for both ga�-pr oduc\ng nucl\des and the 
beta-produc\ng nucl\de 90sr. Resu lts of those analyses ar e g\ven tn 
Tables 5 through 8. 

Dur tng June, \n add\t\on to obta\n\ng water sa�les fro. leachate 
co l lectors and .o\sture cup 3, water sa�les were taken fr� .o\sture cup 5 

(the one nearest the so\1 sur face) of each so\1 1ys\.eter. Those sa�1es 
were then c�1ned for use as a co.pos\te sa� le. Because .o\sture cup 5 
\s located above the waste for�. the co.pos\te water sa�1e serves as a 
contro l to detect nuc l\des wh\ch •tght or\g\nate fr o. sources other than 

the waste for•s. 

s...a-produc\ng nuc l\des wer e not found \n the f\rst two sampl\ngs. 

However, \n Apr\1, 
60

co was d\scover ed \n water sa� les fr� the .ot sture 
137 cup of All 3; Cs was found \n the leachate of ANL 5 (the \nert 

125 
lys\ .. ter): and Sb was found \n the .otsture cup of ORNL 5 (also an 

90 tner t lyst .. ter). In addt t\on, Sr was found \n s\gntf\cant quanttttes 
\n the .ot sture cups of ANL 4 and 5 and tn the leachate of a l l  ANL-£ and 

ORNL lyst .. ters dur\ng the Aprtl sa�l\ng. The concentrat\on of 90sr t n  
the ORNl lys\ .. ter leachate was a l.ost two orders of .agn\tude htgher than 

the ANL-£ s.-ples. 

Ana lys1s of June water saMples showed that 
60

co st\11 perst sted tn 
125 the .a\sture cup of ANl 3, wtth a substanttal \ncrease \n Sb t n  

125 Olll 5-3. The ortg\n of Sb ts not known but ts assu.ed to be the 
waste for.s. Ortgtna l evaluat\on of r ad1onucltde content of the pref\lter s 

fro. wh\ch th\s r estn was taken \dent\fted 125
sb \n quant\t\es of 0.11 of 

total nuc lt de content, a lthough r es\n ana lyst s has not found any. 
90 

Cobalt-60 was a lso found for the f\rst tt .. \n ORNl 5-3. A lso, Sr was 
detected \n .ot sture cups at ORNl (ORNL 3-3 and 5-3) and t n  two add\ttona l 
cups at All-( (ANL 3-3 and 5-1) . wht le ther e was none detected \n tht s 

90 sa.p1\ng of All 4-3. The concentrat\on of Sr tn ANL 5-3 was �re than 
double that found tn the Apr \1 saMp le. ANl 5-1 t s  the .o\stur e cup located 

dt r ect ly be low S-3, and the water fr o. thts .ot stur e cup was analyzed for 
90 the ftrst tt .. 1n June tn an att..,t to detect .ov.-ent of Sr thr ough 

the st ltca sand proft le. The concentrat\on of 90sr t n  ANL 5-1 was a l.ost 
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TABLE 5. RESULTS Of GAMMA-RAY AND STRONT IUM ANALYSES Of  ANl-E SOil 
MO ISTURE AND lEACHATE SAMPLES--APRil 1986 

Concentrat1ona 

(I!C1/l! 
Samp le 

Identification Coba lt-60 Ces1um-137 Stront 1ull-90 

lys 1-3b <5 <5  1.0 t 1.8 

lys 2-3 <5 <5 1.1:1:1. 2 

lys 3-3 11 t 7 < 5  1.1:1:1.0 

lys 4-3 <5  <5  2.7:1:1.8 

lys 5-3 <5 <5  55. 6 :1: 3. 1 

lys lC <5  <5  0. 5 :1: 0.3 

lys 2 <5 <5 0. 5 :1: 0. 2 

lys 3 <5  <5  0. 4 t 0.1 

lys 4 <5 <5  0.6 :1: 0.3 

lys 5 <5 5.4:1:1. 1 1. 0 :1: 0. 4 

a. Concentration t 2 s1gma. 

b. Moisture cup identity number. 

c. leachate co llector 1dent1ty number. 
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TABLE 6. RESULTS Of GAMMA-RAY AND STRONTIUN ANALYSES OF ORNL SOIL 
MOISTURE AND LEACHATE SAMPLES--APRIL 1986 

Concentra t\ona 

(pCUU 
SU�»1e 

ld.nUncatton Cobalt-H Cest-..137 Ant\.,nJ-125 itr2nt h•-90 

LJS 1-3b <16 <14 <27 2.7 t 4.9 

LJS 2-3 <16 <14 <27 1.0 t 13.5 

LJS 3-3 <16 <11 <27 5. 9 t 12.9 

LJS 4-3 <14 <11 <27 <1 1 

LJS 5-3 <14 <14 351 t 5 6. 2 t 18. 1 

lJS 1c <2 <1 <3 62.2 t 8.1 

LJS 2 <1 <1 <3 27.0 t 5.4 

Lys 3 <3 <2 <5 4.9 t 2.7 

Lys 4 <2 <2 <3 54. 1 t 8.1 

LJS 5 <2 <1 <5 45. 9 t 8. 1 

a. Concentratton t 2 st�. 

b. �tsture cup tdenttty n�r . 

c. Leachate collector tdenttty n�r. 



TABLE 7. RESULTS Of GAMMA-RAY ANALYS I S  OF ANL-E SO IL MOISTURE ANO 
LEACHATE SAMPLES-- JUNE 1986 

Concentrat1onsa 
CpC 1/l) 

Samp le 
ldent1f1cat1on Cobalt-60 Ces 1um-137 Stront1um -90 

Compos1teb <5 <5 <1 

lys 1-1c <5 <5  <1 

lys 1-3 <5  <5  <1 

lys 2-3 <5 <5  <1 

lys 3-3 13 ± 7 <5  11. 3 ± 1. 4 

lys 4-3 <5  <5  <1 

lys 5- l <5 <5  349. 6 ± 11.3 

lys 5-3 <5  < 5  127. 6 t 6.7 

lys ld <1 <1 <1 

lys 2 <1 <1 <1 

lys 3 <1 <1 <1 

lys 4 <1 <1 <1 

lys 5 <1 <1 5.8 ± 0.3 

a. Concentration t 2 sigma. 

b. Composite of water from the #5 moisture cups of lys 1meters 1 through 4. 

c. Moisture cup identity number. 

d. leachate co l lector identity number. 
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TABLE 8. RESULTS Of GAMMA-RAY AND STRONTIUM ANALYSES Of ORNL SOIL 
MOISTURE AND LEACHATE SANPLES--JUME 1986 

Concentrat,ona 

lpC,/U 
S.,le 

I dent H , cat 1 on Coba 1 t-60 Ces1--137 Ant,IIOnJ-125 Stront,ur�-90 

COIIIPOs1teb <19 <19 <27 8. 6 t 10.2 

LJS 1-3C <27 <22 <27 0.5 t 7.6 

lJS 2-3 <81 <54 <27 15.4 t 1 8. 1  

LJS 3-3 <54 <54 <27 32.4 t 18.9 

lJS 4-3 <27 <16 <27 <5 

lJS 5-3 89.2 t 32. 4 <3 540 t 81 17.6 t 12. 2 

LJS 1d <5 <5 <3 9. 2 t 3. 5 

LJS 2 <8 <6 <0. 3 2. 4 t 2. 7 

LJS 3 <8 <6 <0.3 l.lt2.7 

LJS 4 <8 <5 <0. 3 11.6 t 4. 6 

LJS 5 <8 <5 <37 2. 4 t 2. 9 

a. Concentra t,on t2 s,gMa. 

b. Ca.pos,te of wa ter fr� the Mo. 5 .o1sture cups of LJs1 .. ters 1 through 4. 

c. Motsture cup tdenttfJ nu.ber. 

d. Leachate collector tdent,lJ nu.ber. 
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three t\mes that of 5-3. In general, occurrence of 
90sr 1n the leachate 

samp le at both s1tes was down sharp ly from the Apr11 sampl1ng, w1th 

measurable amounts be\ng found on ly 1n ANL 5 and ORNL 1 and 4. 

Occurrence of nucl1des 1n the water samp les from both the so11 and 

1nert sand lys1meters 1n such a short per1od of t1me (months rather than 

years) was unexpected. Wh\le 
90

sr \s known to be so lub le 1n so11 

solution and does move through the soil column a lmost unhindered by the 

so11 matrix, it appears that leach\ng and movement of the nuc l1des 1s 

occurr1ng at a more accelerated rate 1n the so11 than was thought 
90 

poss1b le. The appearance of Sr 1nd1cates that sma l l  quant1t1es were 

read1 ly leached from the waste forms. The h1gher 1n1t1al concentrat1on at 

ORNL could ref lect the greater pore volume of water that has passed through 
90 

these lys\meters. When compar\ng Sr data from the Apr11 and June 
90 

sampl1ngs, it appears that Sr moved through the lys1meters as an 

1n1t1al s lug which, 1n the case of ORNL, has been washed out or, as at 

ANL-E, is in the process of being flushed. Data from ANL 5 wou ld support 
90 

this hypothes1s, s1nce it appears that a p lume of Sr movement has been 

detected in this lysimeter, with the trailing edge show1ng up in the area 

of ANL 5-3, the bulk near ANL 5-l, and a lead1ng edge moving 1nto the 
90 

leachate collector. Though Sr has been detected, the tota l quant1ty 

leached is only a sma ll fraction of that ava1 lable 1n the waste forms 

(Table 9). 

Finally, because 1t 1s apparent that the so11 1n the lysimeters has 

subsided (very ev1dent at ANL-E), 1t was decided to determine 1f the 

movement had caused a shift in the pos1t1on of the waste forms. This was 

accomplished by lower\ng a rad1at1on-detect\ng probe down the access tube 

which leads into the leachate hold1ng tank. Read\ngs were taken every 

15.2 em in a l l  lys\meters, and rad1at1on 1ntens1ty w1th depth was recorded. 

Readings of the soil lysimeters were then compared w1th readings from the 

sand-fil led controls. At ORNL, the 1ntensity of rad1ation readings for 

each lys1meter approx1mated the known depth of the waste forms (Tab le 10). 

However, at ANL-E, some settl1ng has occurred; readings in the soil-fil led 

lys1meters (1-4) were still elevated at the 182.9-cm depth, wh11e the 
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TABlE 9. COMPARISON Of TOTAl STRONTIUM-90 PER lYSIMETER TO AMOUNT FOUND IN ORNl LEACHATE--APRIL 1986 

Amoun t To tal Total Percen t 
Sr-90 per Sr-90 per Sr-90 tn Sr-90 of Total 

LJS1tleter Waste Form LJS111etera Leachate Leachedb SR-90 1n 
IUIIber waste Form Involved lpC1) lpC1) (pCt/U lpCt) Leachate 

Cl + ClA c�nt + Pf7 (h1gh Sr-90) 2. 64 E9 18.2 E9 62 t 8 11. 7 E3 . 000064 

2 C28 ceaent + Pf24 (low Sr-90) 0. 47 [9 3. 3 E9 17 t 5 5.1 E3 .000016 
w 3 DlA Dow + Pf7 (h1gh Sr-90) 3.92 E9 27. 4 E9 4. 9 t 3 0. 9 E3 . 000003 w 

4 02 Dow • Pf24 (low Sr-90) 0.64 E9 4.5 E9 54 t 8 10.2 E3 .000023 

5 C28 ce��ent • Pf7 (low Sr-90) 0.47 E9 3. 3 E9 46 t 8 8.1 E3 .000026 

a. Value calculated--seven waste forms x pC1 con tent of waste fora • total pC1/1JS111fter. 

b . Value calcula ted--pC1/l x number of l per to tal sa�le (: 189) • to tal pC1 leached. 
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TABLE 10. RADIATION INTENSITY WITH DEPTH IN EPICOR-11 FIELD LYSIMETERS 

Depth 
from 
So11 ANL-E L�s1meter Number ORNL Lys1meter Number 

Surface 
(em) 1 _2_ _3_ 4 _ 5_ 1 _ 2_ _3 _ _4 _ _ 5 _ 

15.2 __ a __ a __ a __ a __ a __ a __ a __ a __ a __ a 
30.5 __ a __ a __ a __ a __ a __ a __ a __ a __ a __ a 
45. 7 --a __ a __ a __ a __ a __ a 0.02 0.04 0.01 0.04 
61.0 __ a __ a __ a 0.3 1 .0  0. 005 0.04 0.18 0.29 0.21 
76.2 __ a __ a __ a 1.0 3. 0 0.16 0.24 0.65 1. 6 1.4 
91.4 0.4 __ a 0.5 1. 3 6.0 0.81 1.0 2.7 1. 6 1.4 

w 106.7 0.7 2.0 2.5 7.0 10.0 2.9 li.. l1.:.L 25. 8 20.8 • 

121. 9b 3.5 18. 0 5.0 35.0 12.0 6T"' 11.2 29.0 52.4 40.3 
137.2 6.0 28.0 20. 0 43.0 12.0 11.2 16. 1 39.5 70.2 48.3 
152. 4 7.5 39.0 18. 0 67. 0 12.0 11. 2 11.7 40.3 70. 9 36.3 
167.6b 7.0 32. 0 11. 0 65. 0 8.0 8.1 12. g 30. 6 54. 8 20.9 
182.9 3.6 21:0 Tif.O 38.0 6. 0 2.4 4.6 14.5 2 5. 8  5.9 
198.1 1.8 10.0 2.5 18.0 5.0 0.73 1. 5 3. 7 9.7 1.1 
213.4 _ _ a __ a __ a __ a __ a 0. 16 0.31 0.89 1.4 0.16 

a. Read1ngs were not above background. 

b. Locat1on of waste form 1s 1nd1cated by sets of bars. 



acttvttJ tn the tner t control had .oderated bJ tha t depth, tndtcattng a 

downward .ov ... n t  of about 7.5 c• tn the sotl-ftlled lJs1 .. ters. There ts 

no evtdence that thts .ov ... nt has t�cted the expert .. nt except for •tnor 

�ge to so.� .otsture/te�perature probes. 
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CONCLUS IONS AND RECOMMENDAT I ONS 

Lysimeter operation at ANL-E and ORNL has had a successful first 

year. Despite some operationa l prob lems, the detectors and DAS system have 

provided appropriate data for the production of a visua l portrayal of the 

year- long environmenta l conditions experienced by each lysimeter. It was 
90 

discovered that Sr is moving from the waste forms into the soil column 

much sooner than expected. This movement was especia l ly apparent at ORNL, 
90 

where Sr was found 1n a l l  leachate samp les. It is assumed that the 

characteristics of the ORNL environment and Barnwel l-type soils caused more 
90 

movement of Sr at ORNL than ANL-E by al lowing a greater quant1ty of 

precipitation to infiltrate and perco late through the soils. ANL-E 
60 

however, had a persistent occurrence of Co in water obtained from a 

moisture cup. Since coba lt is not •fixed• by soils (like cesium), 1ts 

movement 1s expected to continue. 

The NRC recommended that water samp les be analyzed for 
90

sr at each 

samp ling period. This suggestion appears to be worthwhile and was 

incorporated into the experimenta l work p lan. After two samplings, 
90

sr 

has been identified 1n a number of lys1meters. 
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