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ABSTRACT 

The Sedimentary Rock Program at the Oak Ridge Nat ional Laboratory i s 

i n v e s t i g a t i n g shale to determine i t s p o t e n t i a l s u i t a b i l i t y as a host 

rock f o r the d isposa l o f h i gh - l eve l r a d i o a c t i v e wastes (HLW). The 

se lec ted shales are Upper Dowel!town, P i e r r e , Green River Format ion, 

and two Conasauga (Nol ichucky and Pumpkin Va l l ey ) Shales, which 

represent m ine ra log i ca l and composi t ional extremes o f shales i n the 

Uni ted S ta tes . According t o m inera log ica l s t u d i e s , the f i r s t t h ree 

shales con ta in 5 t o 13 wt% of organic ma t t e r , and the two Conasauga 

Shales on ly con ta in t race amounts ( 2 wt%) o f organic ma t te r . 

Soxhlet e x t r a c t i o n w i t h ch loro form and a mix tu re o f ch loro form and 

methanol can remove 0.07 to 5.9 wt% of the t o t a l organic mat ter from 

these shales. P re l im ina ry ana lys is o f these organic ex t r ac t s revea ls 

the ex is tence o f organic ca rboxy l i c acids and hydrocarbons i n these 

samples. Adsorp t ion o f elements such as C s ( I ) , S r ( I I ) and T c ( V I I ) on 

the o rgan i c -ex t rac ted Upper Dowell town, P i e r r e , Green River Formation 

and Pumpkin Va l l ey Shales i n syn the t i c groundwaters ( s i m u l a t i n g 

groundwaters i n the Conasauga Shales) and i n 0.03-M NaHCOg s o l u t i o n 

i nd i ca tes i n t e r a c t i o n between each o f the t h ree elements and the 

o r g a n i c - e x t r a c t a b l e bitumen. 
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EXECUTIVE SUMMARY 

The Sedimentary Rock Program (SERP) a t the Oak Ridge Nat ional 

Laboratory (ORNL) i s i n v e s t i g a t i n g shales i n the Uni ted States f o r 

t h e i r po ten t i a l s u i t a b i l i t y as host rocks f o r the d isposal of 

h i gh - l eve l r a d i o a c t i v e wastes (HLW). Geochemical cond i t ions ( e . g . , 

temperature, pressure, pH, redox condi - t i o n s , rock composi t ion, 

complexing agents and m i c r o f l o r a ) and the i n t e r a c t i o n o f rad io -

nuc l i des , groundwaters and host rocks provide the dominant con t ro l s 

f o r l i m i t i n g the m o b i l i t y and t ranspo r t of rad ionuc l ides which may be 

released when the waste packages u l t i m a t e l y f a i l . The geochemical 

cond i t ions associated w i t h the var ious shales being evaluated are 

q u i t e d i f - f e r e n t ; the shales may have vary ing c a p a b i l i t i e s f o r the 

r e t e n t i o n o f r ad ionuc l i des . One o f the important f ac to r s t ha t has 

not received much a t t e n t i o n i s the i n t e r a c t i o n o f the nucl ides w i t h 

the organic content o f the shales. 

Shales of a l l geo log ica l ages conta in at l eas t some organic 

ma t te r . The organic matter t h a t was deposi ted and preserved i n 

shales was synthesized by l i v i n g organisms. The most important 

c o n t r i b u t o r s o f organic mat ter in sediments are phytop lankton, 

zooplankton, h igher p lan ts and b a c t e r i a . The organic mater ia l t h a t 

i s found i n shale has been subjected to extens ive p h y s i c a l , b i o l o g -

ica l and chemical a l t e r a t i o n . As a r e s u l t o f t h i s process, much o f 

the mater ia l became i nso lub le i n common organic so lvents or aqueous 

a l k a l i n e so l ven ts ; t h i s i nso lub le po r t i on o f the organic mate r ia l i s 

r e f e r r ed to as kerogen. The r e l a t i v e l y small f r a c t i o n o f the organic 

mate r ia l which i s most ly so lub le i n organic so lven ts i s known as 

bitumen. According t o the m inera log ica l s tudy o f the f i v e chosen 

shales (Upper Dowell town, P i e r r e , Green River Formation and two 

Conasauga Shales (Nol ichucky and Pumpkin Va l ley Shales)) used i n the 

SERP program done by Lee e t a l . , the f i v e shales con ta in organic 

mat ter ranging from less than 2 wt% ( the two Conasauga Shales) t o 13 
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wt% ( the Green River Formation Sha le ) . The Upper Dowelltown and 

P ie r re Shale conta in 11 and 5 wt%, r espec t i ve l y . 

Because of the r e l a t i v e l y h igh percentage of organic matter i n 

sha le , i f shale format ions are t o be used as hosts f o r a HLW repos i -

t o r y , the r e l a t i o n s h i p s between rad ionuc l ides and the organic matter 

should be s tud ied . The ob jec t i ve o f t h i s study i s to i nves t i ga te and 

cha rac te r i ze the p roper t ies o f organic matter i n the f i v e chosen 

shales and the p o s s i b i l i t y o f i n t e r a c t i o n between the organic matter 

and nuc l ides . 

Since shales conta in most ly inorgan ic matter which hinders the 

ana lys is o f organic mat te r , the organic and inorganic matter must 

f i r s t be separated. The f i r s t step of the approach was to i s o l a t e 

o rgan ic -so lub le bitumen by organic e x t r a c t i o n . A f t e r Soxhlet 

e x t r a c t i o n w i th chloroform and a m ix tu re o f ch loroform/methanol , 0.07 

to 5.9 wt% of the t o t a l organic content was removed from these f i v e 

sha les. Elemental analyses of these organic ex t rac ts show t h a t the 

H/C atomic r a t i o ranges from 1.48 (Upper Dowelltown Shale) t o 2.49 

(Pumpkin Val ley Shale, one o f the Conasauga Shales) , which impl ies 

t h a t the organic ex t rac ts from the Upper Dowelltown ( 1 . 4 8 ) , P ie r re 

(1 .64) and Green River Formation (1 .69) Shales conta in more unsat-

urated compounds than the ex t rac ts from the two Conasauga Shales 

(Nol ichucky and Pumpkin Val les Shales; 1.92 and 2.49 r e s p e c t i v e l y ) . 

UV-VIS scans of these ex t rac ts i n cyclohexane show tha t absorpt ion 

most ly appears below 400 nm. S i g n i f i c a n t absorpt ion occurs below 360 

nm and increases r a p i d l y as the wavelength decreases. This suggests 

t h a t i n these ex t rac ts the ex is tence of large mulecular -weight 

compounds such as poly-condensed aromatics i s min imal . I n f r a r e d 

spectroscopy of the f i v e ex t rac ts i n carbon t e t r a c h l o r i d e reveal the 

presence o f carbonyl groups besides methyl and methylene groups 

( a l i p h a t i c , c y c l i c and a romat i c ) , amides and hydroxide groups. 

Compounds con ta in ing carbonyl groups (o ther than from ca rboxy l i c 

a c i d s ) , when ox id i zed , tend t o form organic ac ids . Evidence from the 
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l i t e r a t u r e ind ica tes t ha t organic acids form complexes w i th nuc l i des , 

which may be important f o r rad ionuc l i de t r a n s p o r t . In order to 

i d e n t i f y the ca rboxy l i c ac id content i n the o rgan i c -ex t rac tab le 

bi tumens, the e x t r a c t s from Upper Dowel!town, P ie r re and Green River 

Formation Shales were separated i n t o ac id and non-acid f r a c t i o n s . 

P re l im inary c h a r a c t e r i z a t i o n o f the three ac id f r a c t i o n s by gas 

chromatography/mass spectrometry (GC/MS) shows t h a t ca rboxy l i c acids 

(sa tu ra ted and unsaturated a l i p h a t i c , c y c l i c and aromat ic) o f Cg to 

CgQ e x i s t i n the Upper Dowelltown Shale, C ^ to Cjg e x i s t i n the 

P ie r re Shale, and Cj^ to e x i s t i n the Green River Formation 

Shale. 

Although i n t e r a c t i o n s between the i d e n t i f i e d organic compounds 

and nuc l ides have not been s tud ied , p re l im ina ry r e s u l t s o f adsorp t ion 

o f C s ( I ) , S r ( I I ) & Tc (V I I ) on the o rgan ic -ex t rac ted Upper Dowell town, 

P i e r r e , Green River Formation and Pumpkin Va l ley Shales i n syn the t i c 

groundwaters and i n 0.03-M NaHCO^ s o l u t i o n i n d i c a t e i n t e r a c t i o n s 

between each o f these th ree elements and the o rgan i c -ex t rac tab le 

bi tumen. 
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1. I n t r oduc t i on 

The Sedimentary Rock Program (SERP) at the Oak Ridge Nat ional 

Laboratory has been i n v e s t i g a t i n g shales in the Uni ted States f o r t h e i r 

p o t e n t i a l s u i t a b i l i t y as host rocks f o r the d isposal of h igh - leve l 

r ad ioac t i ve wastes (HLW). Shales are one o f the most common and 

widespread rock types i n the United States ( 1 ) . Thick deposi ts of 

shale can be found i n almost every s ta te of the Uni ted S ta tes , and 

these deposi ts cover a wide v a r i e t y o f geo log ica l times from the q 
Precambrian (0 .6 - 3 .0 x 10 years) through the T e r t i a r y (1 .3 - 2.5 x 

107 years) pe r iod . I t i s we l l known t h a t shales and other sediments of 

a l l ages conta in at l eas t some organic mat te r . The organic matter t h a t 

was deposited and preserved i n sediments was synthesized by l i v i n g 

organisms. The most important con t r i bu to rs o f organic matter in 

sediments are phytop lankton, zooplankton, h igher p lan ts and b a c t e r i a . 

The organic mate r ia l t h a t entered a sediment was subjected to extens ive 

phys i ca l , b i o l o g i c a l and chemical a l t e r a t i o n . As a r e s u l t o f t h i s 

process, much of the mate r ia l became i nso lub le in common organic 

so lvents or aqueous a l k a l i n e so l ven ts ; t h i s i nso lub le po r t i on of the 

organic mater ia l i s r e f e r r e d t o as kerogen. The r e l a t i v e l y small 

f r a c t i o n of the organic mater ia l which i s most ly so lub le i n organic 

so lvents i s known as bitumen. I n anc ient sedimentary rocks (such as 

shale) kerogen represents more than 80% o f the organic matter ( 2 , 3 ) . 

As repor ted i n a previous review ( 4 ) , some o f the low molecular -weight 

compounds present i n bi tumen, p a r t i c u l a r y those i n Green River 

Formation Shale and Chattanooga Shale, have been i d e n t i f i e d i n recent 

years by the petroleum indus t r y simply because organic matter i n shales 

i s considered as one o f the p r i n c i p a l sources o f petroleum. Only 

general s t r u c t u r a l i n fo rma t i on i s known about the i nso lub le kerogen, 

even though kerogen i s the most abundant form o f organic carbon on 

ear th ( 2 ) . The i d e n t i f i e d organic mat ter i n shales covers many classes 

o f organic compounds, which inc lude hydrocarbons ( a l i p h a t i c , c y c l i c and 

a roma t i c ) , a c i d s , a l c o h o l s , s t e r o i d s , te rpeno ids , carbohydrates and 

porphyr ins ( 4 ) . 
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In recent years, some studies have shown that organic materials 
such as acids form complex species wi th radionuclides (5-9) around 
radioact ive waste disposal s i t es . In some cases, the organic matter 
did not come from the geological formations, but rather was produced by 
microbial a c t i v i t y in the p i t s and decay of organic mater ial at the 
s i tes under such physical condit ions as temperature, pressure, and 
rad ia t ion a f t e r radionucl ide b u r i a l . However, the organic matter 
involved in most of the studies was e i the r humic/ fu lv ic acids or other 
humic mater ia l , and very few of them showed the p o s s i b i l i t y Gf 
i n te rac t ion between radionuclides and lower-molecular-weight organic 
compounds. 

I f shale formations are to be used as hosts fo r high level rad io-
act ive waste repos i to r ies , the p o s s i b i l i t y of in te rac t ion between 
nuclides and the organic matter, espec ia l ly those lower-molecular-
weight organic compounds in shales that can be isolated from the shales 
by organic ext rac t ion and have proved to be s l i g h t l y soluble in 
groundwater, must be considered. This would be especia l ly important i f 
the shales contained a high percentage of organic matter . I t is the 
in teract ions between radionucl ides, groundwaters and rocks that provide 
the dominant contro ls fo r l i m i t i n g the mob i l i t y of radionuclides which 
are released from the waste packages of a HLW repos i tory . The extent 
of the in terac t ions are determined by the geochemical condit ions of the 
reposi tory environment which include chemical, physico-chemical and 
b io log ica l factors ( e . g . , temperature, pressure, pH, redox condi t ions, 
sedimentary rock composition, complexing agents and m ic ro f lo ra ) . 

The object ive of t h i s research i s to i d e n t i f y and characterize 
organic matter in selected shales and at the same time to study the 
p o s s i b i l i t y of in te rac t ion between radionucl ides and the organic 
matter. The se lect ion of shales used in t h i s study represented the 
end-members of shales (based on t h e i r composition f o r comprehensive 
mineralogical character izat ion) in the United States. They are the 
Chattanooga Shale (Upper Dowel1 town Member; representing a carbonaceous 
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sha le ) , the P ie r re Shale (a s m e c t i t i c sha le ) , the Green River Formation 

Shale (a ca rbona te - r i ch shale) and the Nol ichucky and Pumpkin Va l ley 

Shales ( i l l i t i c shales) (10 ) . This repor t presents the i s o l a t i o n and 

i d e n t i f i c a t i o n o f some members o f the o rgan i c - so l ven t - so lub le organic 

mat ter ( o rgan i c -ex t r ac tab le bitumen) from these shales and evidences of 

i n t e r a c t i o n between these ex t rac tab le organic matter and elements, such 

as Cs, Sr and Tc. 

2. Experimental Sect ion 

2 .1 Ma te r i a l s and Sample Preparat ions: 

Five core samples of the shales (Upper Dowelltown, P i e r r e , Green 

River Format ion, Nolichucky and Pumpkin Va l ley Shales) were cha rac te r -

zed by Lee e t a l . ( 1 0 ) ; they are descr ibed below. 

The Upper Dowelltown Shale samples were from the Upper Dowelltown 

Member o f Chattanooga Shale i n Fentress County, Tennessee, a t a depth 

of 141-142 m. This u n i t may be descr ibed as interbedded medium l i g h t 

gray c lays tone and dark gray shale beds, vary ing i n t h i ckness , but on ly 

3-12 cm t h i c k . 

The P ie r re Shale samples were rep resen ta t i ve of the Mobridge 

Member o f P ie r re Shale in Gregory County, South Dakota and were 

r e t r i e v e d f rom a d r i l l hole a t a depth o f 88.2 to 88.9 m. The core was 

descr ibed t o be c laystone t h a t was t h i c k l y bedded, massive, n o n f i s s l e , 

s l i g h t l y to moderately ca lcareous, s o f t , mo i s t , medium gray w i th s l i g h t 

o l i v e t i n g e , dense, s o l i d , bedded a t a low ang le , and nonweathered. 

The samples from the Green River Formation Shale o r i g i n a t e d i n 

G a r f i e l d County, Colorado, and were d r i l l e d from the roo f o f the Colony 

mine. The samples were descr ibed as t h i n l y bedded ca lca r ious mar l , 

very hard and compact. 
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Samples o f Nol ichucky and Pumpkin Va l ley Shales were from the Joy 

2 wel l i n Oak Ridge, Tennessee, at depths o f 181 to 182 and 604 t o 605 

m, r e s p e c t i v e l y . Both shales are pa r t of the Conasauga Group, a 

complex sequence of Middle to Upper Cambrian c l a s t i c and carbonate 

s t r a t a . The Nol ichucky sec t ion i s described as a gray to brown 

s h a l e - l i k e l imestone w i t h d iscont inuous p a r a l l e l bedding. The Pumpkin 

Va l ley sec t ion i s maroon to gray , g l a u c o n i t i c , laminated s i l t y 

mudstone. 

The approximate minera log ica l composit ion o f the f i v e whole-rock 

samples i s reproduced from Ref. 10 and is given i n Table 2 .1 . A l l o f 

the shales con ta in organic ma t te r ; the Green River Formation Shale 

appears to have the most, wh i l e the represen ta t i ves o f the Conasauga 

Group, Nol ichucky and Pumpkin Va l ley Shales, appear to have the l e a s t . 

The samples were pu lve r i zed i n a mechanical " sha t te rbox" and sieved 

through 0.18 mm mesh f o r ana lys is and adsorpt ion experiments. 

Organic so lvents such as ch lo ro fo rm, benzene, t o l uene , cyclohexane 

and ace t i c ac id ( t o ACS s p e c i f i c a t i o n s , EM Science Co.) and methanol 

(HPLC grade, F i s h e r ) , were used as received w i t hou t f u r t h e r p u r i f i c a -

t i o n . Anion-exchange res ins Dowex l - 4 x (50 - 100 mesh, ch lo r i de form; 

Bio-Rad) and AG 1 - x2 (100-200 mesh, formate form; Bio-Rad) were 

washed fou r t imes w i t h 10% HC1 i n methanol (by volume) and then were 

r insed w i t h d i s t i l l e d water u n t i l the washings were neut ra l t o pH 

paper. The res ins were ac t i va ted w i t h 10% potassium hydroxide i n 

methanol (by w e i g h t ) , fo l lowed by r i n s i n g w i t h d i s t i l l e d water u n t i l 

the s o l u t i o n showed neut ra l t o pH paper ( 11 ) . A f t e r the removal o f 

most o f the aqueous s o l u t i o n by decanta t ion , the res ins were repeatedly 

washed w i t h methanol f i r s t and then w i t h cyclohexane, u n t i l the washing 

s o l u t i o n appeared as one phase. The res ins then were ex t rac ted v i a 

Soxhlet e x t r a c t i o n us ing cyclohexane over an overn igh t per iod and then 

s tored i n cyclohexane f o r l a t e r use. 
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Table 2.1. Mineralogical Composition of End-Member Shales3 

Percent by We1ghtb 

Green 
Upper Dowel 1town Pierre River Nolichucky Pumpkin 

Component Shale Shale Formation Shale Valley 
Shalq Shale 

Organic Matter 11 5 13 t t 

Chlor i te /Kaol in i te 4 t t 14 15 

111i te 49 t 10 43 57 

Micas t 4 t t t 

Smectite nd 59 nd nd nd 

Carbonates t 15 42 11 t 

Quartz/Feldspars 25 11 28 29 22 

Pyri te 6 2 t t t 

Weight Loss (105°C) 1 4 2 2 2 

\ e e et a l . (1987) (Ref. 10). 
b = observed from th in section and electron micrographs; 
nd = not detectable, 
t = trace (s 2%) 
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Adsorption experiments in th i s study were carr ied out in simulated 
sal ine groundwater (and i t s 100-fold d i l u t i o n ) wi th a composition 
s imi la r to that in Ref. 12 and in a 0.03-M NaHCOj so lu t ion . The 
composition of the synthet ic groundwater was reproduced from Ref. 12 
and is given in Table 2.2. The groundwater has a density of ca 1.13 
g/mL and can bf> characterized as ac id ic , highly sal ine and containing 
considerable quant i t ies of a lka l ine earth ions. The ionic strength of 
th is synthet ic groundwater is 3.30 mol/L or about 3.42 mol/kg H20. The 
pH of the groundwater and i t s d i l u t i o n were adjusted i n i t i a l l y to pH 5. 
The aqueous solut ions were prepared wi th doub l y -d i s t i l l ed , deionized 
water. The tracers ®®Sr and ^ m T c used to determine the d i s t r i -

bution of the nuclides in th is study are the same as in Ref. 12 and are 
l i s t e d in Table 2.3. 

2.2 I so la t ion of Organic Hatter from Shale Samples 

In th i s repor t , only the organic-solvent-extractable f rac t ions of 
the organic matter in shales were iso la ted . The separation scheme is 
shown in Fig. 1. The i so la t i on was done by Soxhlet ext ract ion wi th 
chloroform and a mixture of chloroform and methanol (volume r a t i o 5 to 
1) . Each sample was extracted three times wi th each solvent , and each 
ext ract ion lasted about seven days. The r a t i o of sol ids to solvent was 
1 to 4 by weight. A f te r ext ract ion the chloroform and chloroform/ 
methanol solut ions were combined and solvents were removed under vacuum 
at ca 40°C. The dark brown, s t icky residues from Upper Dowelltown, 
Pierre and Green River Formation Shales then were subjected to anion 
exchange resins fo r fu r the r separation in to acid and non-acid 
f rac t i ons . The procedures fo r the ion-exchange chromatography were 
carr ied out as fo l lows: the treated resins were packed in to a glass 
column (0 .8- x 22-cm), and the organic residues in cyclohexane were 
loaded onto the column and eluted wi th cyclohexane. Organic solut ions 
which came out of the columns were labeled the non-acid f rac t i ons . The 
acid f rac t ions which bonded with the resins were recovered by Soxhlet 
ex t rac t ion wi th a solvent mixture of 5% acet ic acid in benzene or 
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Table 2 .2 . Composition o f Synthet ic Br ine Groundwater3 

Concentrat ion 

Component (eq/L) (g /L ) 

Na 2.00 46.00 

K 0.0089 0.348 

Mg 0.230 2.79 

Ca 0.599 12.0 

Srb 0.027 1.20 

CI 2.86 101.29 

Br 0.009 0.71 

pH adjusted t o 5 w i th HC1 

a From Ref. 12. 

k In some o f the experiments to measure s t ron t ium s o r p t i o n , 

the s t ron t ium was e l im ina ted from the syn the t i c ground-

water so t h a t t race l eve l s o f s t ron t i um could be s tud ied . 



8 

Table 2 .3 . H a l f - L i v e s , Decay Modes, and Radiat ions Emitted 

by Tracers used i n t h i s Study3 

Nucl ide H a l f - L i f e 

8 5 S r 64.84 d 

137 

Cs 30.17 y 

9 5 mTc 61 d 

P r i n c i p a l Decay Mode 

E lec t ron Capture 

Beta Decay 

E lec t ron Capture 

Radiat ions Detected 

514„0-keV gamma ray 

661.6-keV gamma ray 

( i n decay o f 1 3 7 mBa) 

204.1-keV gamma ray 

aData from Ref. 12. 
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to luene (11 ) . A f t e r the removal o f so l ven t s , the ac id and non-acid 

f r a c t i o n s were d r i ed a t ca 40°C under n i t rogen before any f u r t h e r 

a n a l y s i s . Due to the very small amounts o f e x t r a c t a b l e organic mat ter 

( e x t r a c t s ) from the Nol ichucky and Pumpkin Va l ley Shales, the ex t r ac t s 

were not separated i n t o ac id and non-ac id f r a c t i o n s . Fur ther 

separat ions o f the non-acid f r a c t i o n s o f the three shale samples w i t h 

h igher organic content were not performed i n t h i s study due to t ime 

1 i m i t a t i o n s . 

The shale samples a f t e r e x t r a c t i o n by organic so lvents were 

labe led the o rgan i c -ex t rac ted shale samples. A small po r t i on o f the 

o rgan i c -ex t rac ted j ha les were a lso heated a t 250°C f o r seventeen days 

in a i r and then ex t rac ted again w i t h a mix tu re of ch lo ro fo rm and 

methanol. These tw ice o rgan ic -ex t rac ted and heatec! shale samples were 

labe led the organic-heated shale samples. 

2 .3 A n a l y t i c a l Methods 

The o rgan i c - so lub le residues from the shales were subjected to IR 

( i n f r a r e d ) and UV-VIS scans p r i o r t o f r a c t i o n a t i o n i n t o ac id and 

non-acid f r a c t i o n s . IR scans were a lso performed cn the s o l i d shale 

samples. The s o l i d shale samples were incorpora ted i n t o KBr ( i n f r a r e d 

q u a l i t y ; Harshaw) p e l l e t s w i th a Wilks Model 36 Die (Foxboro) . The 

organic residues were d isso lved i n e i t h e r carbon t e t r a c h l o r i d e 

( i n f r a r e d q u a l i t y ; Fluka) or ch loro form ( i n f r a r e d q u a l i t y ; F luka ) . The 

IR spect ra were obta ined from a Bio-Rad FT- In f ra red Spectrometer, Model 

FTS-60. UV-VIS scans of the residues were performed w i t h a Perkin Elmer 

559 UV-VIS spectrophotometer w i t h cyclohexane ( u v - c u t o f f a t 198 nm; 

Burdick & Jackson) as so l ven t . 

The ac id f r a c t i o n s o f the e x t r a c t s from Upper Dowell town, P i e r r e , 

and Green River Formation Shales and the n o n - f r a c t i o n a t e d organic 

e x t r a c t s from Nol ichucky and Pumpkin Va l l ey Shales were a l k y l a t e d w i t h 

Methy l -8 reagent (P ie rce ) i n order t o conver t the ac ids i n these 
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samples i n t o w.-thyl es te rs f o r GC/MS c h a r a c t e r i z a t i o n . The GC/MS 

measurements were obta ined by using Hewlet t -Packard HP 5995A gas 

chromatograph/mass spectrometer system, f i t t e d w i t h a 30-m Durabond I 

narrow-bond, fused s i l i c a column ( J . W. S c i e n t i f i c ) . The column 

temperature was programmed from 60°C (3-min ho ld) to 275°C w i t h an 

increase i f 10°C/inin. 

2.4 A d s o o + i o n Experiments 

Adsorp t ion of elements such as cesium, s t ron t i um and technet ium on 

+he o rgan i c -ex t r ac ted and organic-heated shale samples was determined 

by a batch method s i m i l a r t o t h a t used i n Ref. 12 and the procedures 

are summarized as f o l l o w s . 

Adsorpt ion o f the elements was measured by determin ing the adsorp-

t i o n r a t i o ( s i m i l a r t o a d i s t r i b u t i o n c o e f f i c i e n t ) a f t e r exposure o f 

the adsorbent (sha le sample) to t raced groundwaters. The adsorp t ion 

r a t i o , which i s here designated as R g , i s def ined as the concen t ra t ion 

o f the nuc l i de i n the adsorbent d i v i ded by the concen t ra t ion o f the 

nuc l i de i n the groundwater, each being determined a f t e r the t e s t . In 

t h i s study as wel l as i n the previous r epo r t ( 1 2 ) , the u n i t f o r concen-

t r a t i o n i n the adsorbent i s moles/kg, and the u n i t i n the s o l u t i o n i s 

moles/L . Thus, the u n i t o f Rg i s L / kg . The amount adsorbed i s 

determined by comparison o f the concent ra t ions o f the adsorbate 

(adsorb ing nuc l i de ) i n the s o l u t i o n before and a f t e r the t e s t . I t i s 

then assumed t ha t any reduc t ion i n concen t ra t i on i n the s o l u t i o n i s a 

r e s u l t o f adsorp t ion onto the adsorbent . Cont ro l experiments are 

c a r r i e d out s imul taneous ly w i t h s o l u t i o n s t h a t do not con ta in the s o l i d 

phase t o see whether the re are o ther processes such as adsorp t ion on 

the con ta ine r or p r e c i p i t a t i o n tha t cou ld remove the adsorbate 

( n u c l i d e ) from the s o l u t i o n . The adsorp t ion r a t i o s ( d i s t r i b u t i o n 

c o e f f i c i e n t s ) are c a l c u l a t e d from the equat ion 
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R = <Ci - C f > * V (1) 
— c p r u — 

where C. i s the i n i t i a l concent ra t ion of the adsorbate (nuc l i de ) i n the 

s o l u t i o n , Cf i s the f i n a l concent ra t ion i n the s o l u t i o n , V i s the 

i n i t i a l volume o f groundwater, and W i s the weight o f the adsorbent 

( s h a l e ) . 

In the exper iments, ca 4 mL of groundwater was used. The r a t i o o f 

so l i ds to groundwater was 1 to 20. The shale samples were added t o 

ta red tubes and the tubes were reweighed to determine the shale we igh t . 

The groundwater i s then added and the tubes were again reweighed. The 

ground- water volume was ca lcu la ted from the weight and dens i t y . A l l 

determinat ions o f groundwater volume are based on weight . The tubes 

were weighed a t the beginning and end o f every e q u i l i b r a t i o n to 

determine any s o l u t i o n l oss . 

The tubes con ta in ing the shale and groundwater were then gen t l y 

shaken f o r a three-day p r e - e q u i l i b r a t i o n per iod . A f t e r the p re-

e q u i l i b r a t i o n , the so lu t i ons were cen t r i f uged and the supernatant was 

decanted to avo id loss o f adsorbent. The sha les , which a t t h i s t ime 

are packed a t the bottom o f the tube, were resuspended i n f resh 

groundwater and the p r e - e q u i l i b r a t i o n procedure was repeated tw i ce . 

The pH o f the supernatant was measured a f t e r decant ing and the 

p r i n c i p a l ca t ions i n the groundwaters were a lso analyzed in order t o 

determine whether the p r e - e q u i l i b r a t i o n per iods were s u f f i c i e n t t o 

reach groundwater composit ions w i t h i n 5% o f the i n i t i a l composi t ion. 

A f t e r the p r e - e q u i l i b r a t i o n pe r iods , t raced groundwater was added along 

w i t h enough untraced groundwater to b r i ng the volume to the des i red 

l e v e l . The pre- e q u i l i b r a t e d shale and the t raced groundwater were 

then gen t l y shaken f o r f i f t e e n days. Test samples and c o n t r o l s ( tubes 

con ta in ing t raced groundwater but no adsorbent) were done i n t r i p l i -

ca te . A f t e r f i f t e e n days o f e q u i l i b r a t i o n the samples were cen t r i f uged 
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and the t r ace r content of the f i n a l so lu t ions was assayed. Values of 
Rs were ca lcu la ted by using Eq. 1. A l l e q u i l i b r a t i o n s were ca r r ied out 
a t room temperature i n the presence of a i r . No attempt was made to 
keep the pH of the so lu t ions constant dur ing the experiment, but the pH 
was al lowed to s h i f t t o a value determined by the i n te rac t i ons between 
the shale and the groundwater. 
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S E P A R A T I O N S C H E M E 
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3. Results and Discussion 

3 .1 I s o l a t i o n and Charac te r i za t i on o f Organic-Soluble Bitumens from 

Shales 

The shales i n t h i s study t ha t were se lec ted f o r t h e i r p o t e n t i a l 

s u i t a b i l i t y as host rocks f o r the d isposal o f h i gh - l eve l r a d i o a c t i v e 

wastes are Upper Dowell town, P i e r r e , Green River Formation, Nol ichucky 

and Pumpkin Va l ley Shales. The m inera log ica l composit ions o f these 

shales as shown i n Table 2 .1 (reproduced from Ref. 10) i n d i c a t e t h a t 

th ree o f the f i v e sha les , the Upper Dowelltown Shale, the P ie r re Shale 

and the Green River Formation Shale, con ta in h igher percentages of 

organic mat ter than the two Conasauga Shales. The Green River 

Formation Shale conta ins the most organic mat ter ;13 wt%), fo l lowed by 

the Upper Dowelltown Shale (11 wt%) and the P ie r re Shale (5 wt%). 

Since shales conta in most ly inorgan ic m a t t e r , which h inders the 

ana lys is o f organic mat ter i n sha le , the organic and inorgan ic mat ter 

had t o be separated f i r s t before a n a l y s i s . 

Before separa t ion , the s o l i d shale samples were scanned w i t h FT-

i n f r a r e d (KBr) . These IR-spect ra o f the s o l i d samples were d i f f i c u l t 

to analyze, due t o the over lapp ing o f peaks from the la rge f r a c t i o n s o f 

c l a y m ine ra l s , p y r i t e and other ino rgan ic compounds. 

In t h i s s tudy , an at tempt was made to i s o l a t e only the o rgan ic -

so lub le bitumens from the var ious shale samples. The separat ion of 

o rgan ic -so lub le bitumens from shales i n t h i s study was obta ined by the 

method o f organic so lven t e x t r a c t i o n . The so lvents used were c h l o r o -

form and a mix tu re o f chloroform/methanol (volume r a t i o = 5 : 1 ) . The 

amount o f bitumens t h a t could be removed from shales i n t h i s manner 

ranged from ca 0.07 wt% (Nol ichucky and Pumpkin Va l ley Shales) t o 5.9 

wt% ( P i e r r e and Green River Formation Shales) o f the t o t a l organic 

ma t te r . The r e s u l t s are given i n Table 3 . 1 . A f t e r e x t r a c t i o n , par ts 

o f the ex t rac ted shale samples were heated a t 250°C f o r seventeen days 

and then were ex t rac ted again w i t h the mix tu re o f ch loro form/methano l . 
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Table 3 .1 . Amount of Organics Removed by Solvent Ex t rac t i on 

From Shale and Heated Shale Samples 

Shale 

Tota l Organic Organ ic -Ex t rac tab le Organ ic -Ex t rac tab le 

Content3 Bitumen (Wt% of P y r o l y t i c Residue 

(Wt% o f Shale) Tota l Org. Content) (Wt% o f t o t a l Org. 

Content) 

Upper 
Dowel 1 town 

P ie r re 

Green River 
Formation 

Nol ichucky 

Pumpkin 
Va l ley 

11 

5 

13 

t r a c e ( 2) 

t r a c e ( 2) 

5 .1 

5.9 

5.9 

0.07fc 

0.081 

5.E 

1.5 

1.1 

nd 

nd 

aData f rom Ref. 10. 

^Assume the t o t a l organic content i n these shale i s 2 wtX. 

nd = not determined. 
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In t h i s way, more organic mat ter was removed from the o rgan i c -ex t rac ted 

shale samples. Organics removed i n t h i s manner may not a l l be from the 

bitumen, but ra the r from a mix ture of bitumen and decom- posed kerogen 

(13) . The r e s u l t s are g iven i n Table 3 .1 . 

Elemental ana lys is of the organic ex t rac ts of bitumens o f the 

shale samples are shown i n Table 3 .2 . Data i n Table 3.2 i nd i ca te t h a t 

the H/C atomic r a t i o of these organic ex t rac t s ranges from 1.48 (Upper 

Dowelltown Shale) t o 2.49 (Pumpkin Va l ley Shale) and suggest t ha t the 

o r g a n i c - e x t r a c t a b l e bitumens from the Upper Dowelltown ( 1 . 4 8 ) , P ie r re 

( 1 . 6 4 ) , and Green River Formation (1 .69) Shales conta in more unsatura-

ted compounds than the e x t r a c t a b l e bitumens from Nol ichucky and Pumpkin 

Va l ley Shales, which are 1.92 and 2 .49 , r e s p e c t i v e l y . 

The IR spectroscopy o f the f i v e e x t r a c t a b l e bitumen samples i n 

carbon t e t r a c h l o r i d e reveals the presence o f -CHj , -CH^ bands (o f 

a l i p h a t i c , aromatic and c y c l i c compounds) (2960-2850 cm - 1 , 1450-1460 

cm - 1 , 1370-1380 cm'1 and 700 cm" 1 ) , -NH, (amide) (and -OH) bands (1650 
-1 -1 cm , 1400-1040 cm" ) , carbonyl and ca rboxy l i c group (C=0 bands; 

1700-1730 cm"1) ( 2 , 1 4 , 1 5 ) . According t o T i s s o t and Welte (2) the C=0 

band o f the ex t r ac tab le bitumen f r a c t i o n i s more pronounced than i n the 

kerogen f r a c t i o n thus suggest ing t h a t carbonyl and ca rboxy l i c groups 

are more f r e q u e n t l y r e l a t e d t.o a l i p h a t i c chains and small c y c l i c 

s t r u c t u r e s than t o polycondensed aromatic and h e t e r o c y c l i c n u c l e i . The 

presence of ca rboxy l i c and carbonyl groups i n d i c a t e t h a t these organic 

e x t r a c t s conta in compounds such as ac ids , e s t e r s , amides, a lcohols and 

ketones, e t c . I t i s known t ha t organic acids i n geo log ica l media 

behave as l igands to form organometal1ic complexes w i t h t race metals 

( 5 - 9 , 1 6 ) . The fo rmat ion o f these complexes may in f l uence rad ionuc l i de 

t r a n s p o r t . IR spectra o f the organic ex t r ac t s o f the two Conasauga 

Shales and the ac id and non-acid f r a c t i o n s o f the o ther th ree shales 

are g iven i n F igs . 2 -5 . 



17 

Table 3.2. Elemental Analysis of Organic-Extractable Bitumens From Shales 

Weight Percent Atomic Ratio 

Shale C H S N 0 H/C 

Chattanooga 81.59 10.09 3.51 0.96 3.38 1.48 

Pierre 72.38 9.87 3.92 1.09 8.57 1.64 

Green River 

Formation 78.14 11.00 1.29 0.81 3,79 1.69 

Nolichucky 59.65 9.53 0.13 0.61 2.04 1.92 

Pumpkin Valley 39.55 8.20 nd nd 2.13 2.49 

nd - not determined 
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UV-VIS scans (800 t o 190 nm) of the f i v e o r g a n i c - e x t r a c t a b l e 
bitumens in cyclohexane a re presented in F igs . 6 and 7 where i t i s 
shown t h a t the absorp t ion mostly appeared below 400 nm. S i g n i f i c a n t 
absorp t ion occurred below 360 nm and increased r a p i d l y as the wave-
length decreased . This demonstrates t h a t in t h e s e e x t r a c t s the 
e x i s t e n c e of l a rge r -molecu la r compounds, such as poly-condensed 
aromatic r ings and po lycyc l i c s t r u c t u r e , i s minimal, which i s in 
agreement with t he r e s u l t s of T i s so t and Welte ( 2 ) . 

Tables 3 .3 and 3 .4 give t he p re l imina ry i d e n t i f i c a t i o n of organic 
compounds in the acid f r a c t i o n s of Upper Dowelltown, P i e r r e and Green 
River Formation Shales and the e x t r a c t s of t he two Conasauga Shales by 
GC/MS. Because of t he l a rge numbers of compounds in these samples and 
the l i m i t e d in format ion on hand, only a small number of the compounds 
have been i d e n t i f i e d a t p r e s e n t . The i d e n t i f i a b l e organic compounds 
l i s t e d in Tables 3 . 3 and 3 .4 were confirmed by comparing mass spec t r a 
with a u t h e n t i c compounds (when p o s s i b l e ) and publ ished MS spec t r a of 
o rganic e x t r a c t s of sha les (17-22) . Also a t t empts a t i n t e r p r e t i n g the 
mass spec t r a were performed by fo l lowing the ground r u l e s of the mass 
s p e c t r a l f ragmenta t ion path of subs tances (23-25) . 

Tes t s f o r the p o s s i b i l i t y of i n t e r a c t i o n between the i d e n t i f i e d 
ind iv idua l organic compound and elements were not c a r r i e d out in t h i s 
s tudy . However, s t u d i e s of t he i n t e r a c t i o n between t h r e e elements 
(cesium, s t ron t ium and technetium) and the e x t r a c t a b l e organic ma t t e r 
were performed, and the r e s u l t s a re d iscussed below. 
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Table 3 .3 . Components Ident i f ied by GC-MS 1n the Acid Fraction 
of Organlc-Extractable Bitumen from Shales 

Non-Acids Acids (as methyl es ter ) 
Shale Empirical Formul a Molecular Wt Empirical Formula Molecular Wt 

Chattanooga C13H26 182 C8H8°2 136 

C15H32 212 C12H16°2 192 

C16H34 226 C17H34°2 270 

C21H40 292 C18H36°2 284 

C19H38°2 298 

C20H40°2 312 

Pierre C15H30°2 242 

C17H34°2 270 

C18H36°2 284 

C19H36°2 296 

C19H38°2 298 

C18H34°4 314 

Green River C13H26 182 C17H34°2 270 

Formation C8H1 5CIO2 178 C20H40°2 312 

C21H40 292 C21H42°2 326* 

C21H42°2 326* 

C22H44°2 340 

C23H46°2 354 

C25H50°2 382 

*Isomers 
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Table 3.4. Components Ident i f ied by 6C-MS 1n the Organlc-Extractable 
Bitumen from Shales 

Non-Acids Acids (as methyl es ter ) 
Shale Empirical Formula Molecular Wt Empirical Formula Molecular Wt 

Nollchucky C8H1 3CIO2 176 C14H28°4 260 

CZ0H38 278 C17H34°2 270 

C22H46 310 C19H38°2 298 

C23H48 324 

C27H56 380 

C29H60 408 

C30H62 422 

Pumpkin Val ley C8H1 5CIO2 178 C15H27°4 271 

C22H46 310 C19H38°2 298 

C2 5H 5 2O 368 C23H46°2 354 
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3.2 Adsorpt ion o f Cesium, St ront ium and Technetium on Organic-Ext rac ted 

Shales Under Oxic Condi t ions 

In a previous repo r t ( 12 ) , we presented the r e s u l t s of adsorp t ion 

of cesium, s t r on t i um , technet ium, neptunium and uranium on samples of 

c lay minerals and samples of the unt reated f i v e end-member sha les , under 

ox ic cond i t i ons a t room temperature. In t h i s r e p o r t , the adsorp t ion o f 

cesium, s t ron t i um and technet ium onto the o rgan ic -ex t rac ted Upper 

Dowelltown, P i e r r e , Green River Formation and Pumpkin Va l ley Shales i s 

presented. The adsorp t ion o f cesium on the organic-heated P ie r re Shale 

and s t ron t ium on the organic-heated Upper Dowel 1 town Shale are a lso 

inc luded. The r e s u l t s are compared w i t h the adsorpt ion data of these 

elements on the corresponding untreated shale samples to reveal any 

i n t e r a c t i o n between the nuc l ides and the o r g a n i c - e x t r a c t a b l e bitumens. 

The r e s u l t s are given in Tables 3.5 t o 3 . 7 . A l l adsorpt ion experiments 

were c a r r i e d out i n the syn the t i c groundwaters and i n the 0.03-M NaHCOg 

s o l u t i o n which are used i n Ref. 12. The pH of the concentrated b r i n e 

and the d i l u t e d b r ine were ad jus ted i n i t i a l l y to ca 5. Cesium and 

s t ron t ium are assumed to e x i s t as s i n g l y - and doubly-charged aquo ions 

i n the pH ranges o f the syn the t i c groundwaters (12 ) . Since the expe r i -

ments were c a r r i e d out under m i l d l y o x i d i z i n g c o n d i t i o n s , technet ium i s 

expected t o be present as the per techneta te i o n , TcO^". During the 

adsorpt ion exper iments, the pH was al lowed t o f l o a t t o a f i n a l value 

w i thou t any c o n t r o l . In genera l , the pH of the concentrated b r ine 

increased to the value range o f 6 .5 - 7.5 and the pH of the d i l u t e d 

b r i n e increased to the value range o f 8 to 8.5 dur ing the course o f the 

experiments on the o rgan ic -ex t rac ted P i e r r e , Green River Formation and 

Pumpkin Va l ley Shales and the organic-heated P ie r re Shale. These pH 

values are comparable to those o f systems con ta in ing the corresponding 

unt reated shales. However, the pH changes o f the b r ine groundwaters 

which were i n contac t w i t h the o rgan i c -ex t rac ted Upper Dowelltown Shales 

are qu i t e d i f f e r e n t from those t h a t were i n contac t w i t h the unt reated 

shale samples. The concentrated and the d i l u t e d b r i ne groundwaters 
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became qu i t e a c i d i c a f t e r th ree days of p r e - e q u i l i b r a t i o n . This was a 

very d i f f e r e n t pa t t e rn from t h a t o f the unt reated Upper Dowel!town Shale 

sample when i t was e q u i l i b r a t e d w i t h the b r ine groundwaters. The pH 

changes i n systems con ta in ing untreated and o rgan ic -ex t rac ted Upper 

Dowelltown Shale samples are shown i n F ig . 8 . I t can be seen tha t i n 

systems con ta i n i ng un t rea ted Upper Dowel!town Shale and b r ine ground-

wate rs , the pH changed ra the r s l o w l y ; i t took u s u a l l y about t h i r t y days 

to reach a pH value below 4 . A c t u a l l y t h i s rap id drop i n pH has been 

no t i ced before w i t h one o f these p a r t i c u l a r sha les; when an Upper 

Dowelltown Shale sample was heated a t 250°C i n the a i r f o r s i x months 

and then was contacted w i t h the b r ine groundwaters. For t h i s case the 

pH a lso became very a c i d i c a f t e r three days o f p r e - e q u i l i b r a t i o n . From 

Table 2 . 1 , i t can be seen t h a t Upper Dowelltown Shale conta ins the 

h ighest percentage o f p y r l t e (FeS2) among a l l f i v e shale samples and 

conta ins on ly t race amount o f carbonates. I t i s understandable t ha t 

dur ing e q u i l i b r a t i o n i n a i r , p y r i t e in shale w i l l g radua l l y ox id i ze t o 

f e r r i c s u l f a t e (as shown i n Eq. 2) and a t the same t ime the pH o f the 

e q u i l i b r a t i n g s o l u t i o n becomes a c i d i c . Since heat enhances the process 

o f o x i d a t i o n , a f t e r s i x months of heat ing most o f the p y r i t e i n shale 

w i l l have been converted t o f e r r i c s u l f a t e (10 ,13 ,26 ) . I t i s not 

s u r p r i s i n g to f i n d t h a t the e q u i l i b r a t i n g so lu t i ons are a c i d i c i n 

systems con ta in ing heated Upper Dowelltown Shale and b r ine groundwaters. 

However, i t i s i n t e r e s t i n g t o note t ha t a f t e r removal of pa r t o f the 

organic matter from t h i s sha le , the ox ida t i on process i s a lso r a p i d l y 

enhanced. Ev iden t l y the ex is tence of the small amount o f o rgan ic -

e x t r a c t a b l e bitumen i n t e r f e r e s w i th the o x i d a t i o n o f p y r i t e to f e r r i c 

s u l f a t e . 

4 FeS? + 15 0 2 + 14 H20 -» 4 Fe(0H)3 + 16 H + + 8 S0 4
2 ' (2) 

The pH o f the 0.03-M NaHCOg s o l u t i o n remained above pH 8 f o r the t e s t s 

w i t h o r g a n i c - t r e a t e d Upper Dowelltown Shale, which are s i m i l a r to o ther 

shale samples, due t o the b u f f e r i n g ac t i on o f the b icarbonate i on . 
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Concentrat ions o f the three elements (Cs, Sr and Tc) used i n t h i s 
11 8 

study are the same as i n Ref. 12, e . g . a t t race leve l (5x10 t o 1x10 

M) i n the l i n e a r adsorpt ion reg ion . 

3 . 2 . 1 Cesium 

The r e s u l t s o f adsorpt ion o f cesium w i t h i n i t i a l concent ra t ions o f 
- 1 1 - 8 

5x10" and 1x10" mol/L onto the o rgan ic -ex t rac ted Upper Dowelltown, 

P i e r r e , Green River Formation and Pumpkin Va l ley Shales and onto the 

organic-heated P ie r re Shales are g iven i n Table 3 . 5 , f o r the 

concentrated and d i l u t e d b r ine groundwater and i n the 0.03-M NaHC03 

s o l u t i o n . The adsorp t ion r a t i o s ( d i s t r i b u t i o n c o e f f i c i e n t s ) are almost 

independent of l oad ing . However, i t can be seen t h a t the adsorpt ion 

r a t i o s were reduced i n every system con ta in ing the o rgan i c -ex t rac ted 

shale samples and the concentrated or d i l u t e d b r ine groundwater. Data 

from the systems con ta in ing corresponding unt reated shale samples were 

reproduced from Ref. 12 f o r comparison. Values o f adsorp t ion r a t i o s i n 

the bicarbonate s o l u t i o n do not show a cons i s ten t p a t t e r n , e s p e c i a l l y 

when the concent ra t ion o f cesium is 5 x 10" 1 1 mo l /L . In most cases, 

adsorp t ion r a t i o s were reduced, but i n a few cases the r a t i o s increased. 

Most probab ly , t h i s was p a r t i a l l y due to the e f f e c t of pH. Usua l ly 

adsorp t ion tends t o increase w i t h pH, al though f o r cesium, t h i s e f f e c t 

is small (12 ) . Besides, a t low concent ra t ions o f cesium there i s always 

a chance t h a t adsorp t ion onto wa l l s o f the conta iner may occur . 

The adsorp t ion r a t i o s o f cesium f o r the organic-heated P ie r re Shale 

samples are comparable w i t h the r a t i o s f o r the o rgan ic -ex t rac ted P ie r re 

Shale. Al though a f t e r hea t i ng , more organic mat ter was removed (see 

Table 3 .1) from the shale sample ( 1 3 ) , i t seems t h a t the e f f e c t o f the 

l a t t e r removed organics on the adsorpt ion o f cesium was not as impor tant 

as the e f f e c t from those organics removed before heat ing . 
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Table 3.5. Cesium (I) Adsorption on Shale Samples 

In i t ia l 
Ground- Cone. C 
water (mol/L)s 

Untreated 
Shale 

FTnaT 
organic-Extracted 

Shale 
urganic-Heated 

Shale 
Rs 

Name 
Shale ~Rs 

(L/Kg? Avq pH (L/Kg) 
Final Avg PH (L/Kg) 

Final 
Avq pH 

Upper 
Dowel 1 town 

A 

B 

C 

1x10 
5x10 
1x10 
5x10 
1x10" 
5x10' 

-8 

-8 
- 1 1 

• 1 1 

152 ± 2 
123 ± 3 

18467 ± 1038 
17571 ± 1837 
14204 ± 5739 
10904 ± 1459 

3.90 
3.81 
4.24 
3.82 
8.31 
8.22 

76.6 ± 2.0 
79.2 ± 4.8 
3807 ± 859 
4606 ± 891 
8673 ± 1175 

14603 ± 1631 

2.85 
2.58 
2.88 
2.68 
7.95 
7.60 

F5-
- 1 1 

Pierre A 

B 

C 

1x10' 
5x10' 
1x10" 
5x10 
1.10 
5x10 

-11 
1-8 
- 1 1 

107 ± 9 
102 ± 4 

11223 ± 553 
13026 ± 1517 
9493 ± 993 

10220 ± 794 

6.37 
6.12 
7.86 
7.87 
8.00 
8.36 

93.5 ± 0.3 
96.8 ± 5.2 
5056 ± 478 
7726 ± 1455 
7655 i 592 

13493 ± 1474 

6.62 
6.71 
8.16 
8.08 
9.21 
8.39 

88.9 ± 3.0 
91.6 ± 1.3 
6103 ± 571 
5502 ± 752 
7826 ± 1857 
8001 ± 1043 

6.57 
6.57 
7.96 
7.96 
8.83 
8.87 

Green River A 
Formation 

B 

1x10" 
5x10 
1x10 
5x10 
1x10" 
5x10 

- 1 1 

- 8 

- 1 1 

- 1 1 

5.2 ± 2.4 
12.1 ± 4.1 
182 ± 5 
413 t 40 

1317 ± 565 
907 ± 82 

6.93 
6.87 
8.31 
8.35 
9.03 
9.05 

0.36 ± 0.06 
0.49 ± 0.15 

143 ± 9 
157 ± 13 
659 ± 26 
798 ± 34 

7.04 
7.06 
8.60 
8.51 
9.33 
9.30 

Pumpkin 
Valley 

lxlO"8 70.0 + 14.6 6.55 52.3 + 1.4 6. 61 
5xlO"U 79.1 + 10.3 6.77 54.0 + 5.3 6. 66 
lxlO"8 10698 + 1564 6.79 6790 ± 415 8. 32 
5xl0-11 13741 t 921 6.93 7947 + 392 8. 19 
1x10"® 10169 + 2030 8.79 7832 + 320 9. 14 
5xlO"U 12641 + 1433 9.37 9222 ± 2402 9. 03 

Each sample contained ca 0.2g of shale and 4 ml of groundwater. The samples were preequl-
Hbrated 3 times for at least 3 days each, and the f inal equilibration was for 15 days at 
room temperature. 

Groundwaters: A - concentrated brine; B - 100/1 dilution of A; C - 0.03-M NaHCOj 
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3 . 2 . 2 St ront ium 

The adsorp t ion o f s t ron t ium on the o rgan ic -ex t rac ted Upper 

Dowell town, P i e r r e , Green River Formation and Pumpkin Va l ley Shales i s 

g iven i n Table 3 . 6 . Because of the low adsorp t ion o f s t ron t ium on the 

un t rea ted shale samples i n the concentrated b r ine groundwater ( 1 2 ) , 

adsorp t ion t e s t s w i t h the o rgan ic -ex t rac ted shale samples were performed 

on ly i n the d i l u t e d b r ine groundwater and i n the 0.03-M NaHCO, s o l u t i o n . o J 

The i n i t i a l concen t ra t ion of s t ron t ium was 1x10 mol /L . In Table 3 . 6 , 

i t i s observed t h a t except f o r the Pumpkin Va l ley sha le , the adsorp t ion 

r a t i o s o f s t r on t i um on these o rgan i c -ex t rac ted shale samples i n the 

d i l u t e d b r ine groundwater are s l i g h t l y lower than those o f the co r res -

ponding unt reated shale samples. Because the Pumpkin Va l ley Shale 

conta ins only t r ace amounts o f organic mat ter and the adsorp t ion o f 

s t ron t i um on t h i s shale i s genera l l y low, i t i s not s u r p r i s i n g t h a t the 

adsorp t ion o f s t r on t i um on the o rgan i c -ex t rac ted and the unt reated 

Pumpkin Va l ley Shale samples i s about the same. The r e s u l t s f rom 

adsorp t ion o f s t r on t i um on the o rgan i c -ex t rac ted shale samples i n the 

carbonate s o l u t i o n are again not cons is ten t This may be due t o the 

e f f e c t o f pH. The adsorp t ion r a t i o o f s t ron t i um on unt reated shale 

samples increases w i t h the inc reas ing o f pH (12 ) . This may a lso be 

because of i n t e r f e r e n c e from 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 o f s t ron t i um 

species as carbonate and hydroxide o f t e n occurs and could be 

m i s i n t e r p r e t e d as adsorp t ion . During the adsorp t ion t e s t s o f t h i s study 

and the previous study ( 1 2 ) , i t was found t h a t the count ing r a t e (gamma 
ray) o f con t ro l samples ( con ta in ing on ly s o l u t i o n but no adsorbent) 

90 
con ta in ing Sr i n the b icarbonate s o l u t i o n was reduced t o about 93% of 

the o r i g i n a l count ing r a t e a f t e r 15 days o f e q u i l i b r a t i o n . Ev iden t l y i n 

these b icarbonate s o l u t i o n s , p r e c i p i t a t i o n and on adsorp t ion by the 

tubes occur red, and thus the r e s u l t s o f adsorp t ion i n the b icarbonate 

s o l u t i o n are not as r e l i a b l e as those i n the b r i ne groundwaters. 
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Table 3.6 Strontium ( I I ) Adsorption on Shale Samples9 

In i t ia l Sr Cone: lxlO"8 mol/L 

Name Ground-*3 Organic-
Shale water Untreated shale Organic-Extracted Shale Heated Shale 

Rs (L/Kg) Pinal Rs (L/Kg) Final Rs (L/Kg) Final Rs (L/Kg) 
Avg.pH 

Rs (L/Kg) 
Avg.pH Avg.pH 

Upper B 3.5 ± 0.3 3.37 1.7 ± 0.1 2.68 3.4 ± 1.2 2.67 
Dowel1town C 146 ± 18 8.69 232 ± 77 8.31 742 ± 249 7.38 

Pierre B 36.6 ± 0.5 7.21 33.4 ± 0.7 8.05 
C 534 ± 245 8.41 758 ± 115 8.88 

Green River B 3.3 ± 1.4 7.52 2.2 ± 1.4 8.07 
Formation C 138 ± 12 2.09 120 ± 5 9.15 

Pumpkin Valley B 10.9 ± 0.8 7.65 11.6 ± 0.9 7.97 
C 713 ± 117 9.45 249 ± 25 9.16 

?Each sample contained ca 0.2 g of shale and 4 ml of groundwater. 
The strontium normally present 1n the concentrated brine and the dilute brine 
was omitted 1n these tests. 

B = 100/1 dilution of concentrated brine 
C = 0.03 M-NaHCO, 
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The adsorpt ion r a t i o o f s t ron t ium on the organic-heated Upper 

Dowelltown Shale i s not s i g n i f i c a n t l y d i f f e r e n t from the untreated shale 

sample but i s higher than on the o rgan ic -ex t rac ted shale samples i n the 

d i l u t e d b r ine groundwater. This might be because the organic mater ia l 

released from the kerogen a f t e r heat ing (which could not be removed by 

f u r t h e r organic e x t r a c t i o n ) enhanced the adsorp t ion . Add i t i ona l t es t s 

are necessary to understand t h i s increase in adsorp t ion . 

3 .2 .3 Technetium 
— — — — — s 

Table 3.7 shows the r e s u l t s of adsorpt ion of technet ium on the 

o rgan ic -ex t rac ted Upper Dowell town, P i e r r e , Green River Formation and 

Pumpkin Va l ley Shales i n concentrated and d i l u t e d b r ine groundwater and 

i n the 0.03-M NaHCO^ s o l u t i o n . The i n i t i a l concen t ra t ion of Tc was 

1x10"® mol /L . R e s u l f r o m the l i t e r a t u r e (27,28) have shown tha t 

adsorp t ion o f technetium can be g r e a t l y enhanced on adsorbents such as 

s o i l and sediment, which con ta in organic mat te r . As we have repor ted i n 

the previous study ( 1 2 ) , a s i g n i f i c a n t amount of technet ium can be 

adsorbed by the untreated shale samples. I t i s expected t h a t a f t e r the 

p a r t i a l removal of organic mat ter from the shale samples, the adsorpt ion 

of Tc on these o rgan ic -ex t rac ted shale samples should decrease. As i t 

can be seen, t h i s i s t r u e i n most o f the systems shown i n Table 3 .7 . In 

systems con ta in ing the o rgan ic -ex t rac ted Upper Dowelltown Shale sample, 

the adsorpt ion d id not decrease, but increased, e s p e c i a l l y i n the system 

con ta in ing the d i l u t e b r ine groundwater and the o rgan ic -ex t rac ted Upper 

Dowelltown Shale. This may be re la ted to the low pH value o f the pre-

e q u i l i b r a t i n g and e q u i l i b r a t i n g so lu t i ons as shown i n F i g . 8. The 

a c i d i t y o f the e q u i l i b r a t i n g so lu t ions d e f i n i t e l y has an e f f e c t on the 

adsorp t ion o f technetium on the o rgan ic -ex t rac ted Upper Dowelltown Shale 

samples. I t i s known t h a t adsorp t ion o f Tc0]j on c e r t a i n adsorbents 

increases w i t h decreasing pH (28 ) . Of course, the increase may invo lve 

o ther f a c t o r s bes^es pH changes. Before the exact i n t e r a c t i o n between 

technet ium and c a>:nic mat ter i s found, a conc lus ion cannot be drawn. 
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Table 3.7 Technetium (VII) Adsorption on Shale Samples3 

I n i t i a l Tc Cone: lxlO"8 mol/L 

Name 
Shale Groundwater Untreated Shale Organic-Extracted Shale 

fts (L/kg) Final Rs (L/Kg) Final 
Avg. pH Avg. pH 

Upper A 22.9 ± 3.1 3.68 65.6 ± 2.9 3.52 
Dowel 1 town B 266 ± 18 3.54 1185 ± 242 3.21 

C 14.8 ± 1.1 8.24 26.6 ± 6.1 8.49 

Pierre A 4.1 ± 1.8 
B 3.0 ± 0.7 
C 1.7 ± 0.4 

6.58 3.0 ± 1.9 7.38 
1.6 ± 0.2 8.47 

8.52 0.27 ± 0.27 9.05 

Green River A 
Formation B 

C 

Pumpkin Valley A 
B 
C 

1.6 ± 0.6 6.98 
1.84 ± 0.04 
0.26 ± 0.32 9.09 

1.1 ± 0.9 6.93 
0.92 ± 0.52 
1.0 ± 1.0 9.59 

0.33 ± 0.15 7.53 
1.1 ± 0.2 8.81 
0.41 ± 0.16 9.37 

-0.21 7.35 
0.52 ± 0.19 8.68 
0.51 ± 0.23 9.26 

aEach sample contained ca 0.2 g of shale and 4 ml of groundwater. 

Groundwater: A - concentrated brine 
B - 100/1 d i lu t ion of A 
C - 0.03 M-NaHCO, 
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4. Conclusion 

Soxhlet e x t r a c t i o n w i t h ch loro form and a mix tu re o f ch lo ro fo rm/ 

methanol removed 0.07 to 5.9 wt% o f t o t a l organic mat ter from f i v e 

se lec ted shale samples. The organic ma te r i a l s removed i n t h i s manner 

are po r t i ons o f the bitumens i n these shales. 

UV-VIS spectroscopy i nd i ca tes t h a t organic components contained i n 

these e x t r a c t s were most ly lower -molecu lar -we igh t organic compounds; the 

ex is tence of h igher -mo lecu la r -we igh t compounds such as polycondensed 

aromat ics i s min imal . IR spectroscopy reveals t h a t sharp and s t rong 

absorp t ion bands o f c a r b o x y l i c and carbonyl groups appear i n spect ra o f 

the e x t r a c t s o f Upper Dowell town, P i e r r e , Green River Formation and 

Nol ichucky Shales but there are on ly moderately s t rong absorp t ion bands 

i n the spectrum of the e x t r a c t o f Pumpkin Va l ley Shale. The ex is tence 

o f c a r b o x y l i c groups i nd i ca tes the presence o f c a r b o x y l i c acids i n these 

e x t r a c t s . Carboxy l ic acids behave as l igands which form organometa l l i c 

complexes w i t h t r ace meta ls . This f a c t may be impor tant i n m o b i l i z a -

t i o n , t r a n s p o r t a t i o n , and accumulat ion o f r a d i o - a c t i v e nuc l i des . 

Ex t rac ts o f the Upper Dowel!town, P i e r r e , and Green River Formation 

Shales were f u r t h e r f r a c t i o n a t e d i n t o ac id and non-ac id f r a c t i o n s . 

Carboxy l ic acids as methyl es te rs ( a l i p h a t i c , c y c l i c , and aromat ic) 

which cou ld be i d e n t i f i e d a t present f rom GC/MS spect ra o f the ac id 

f r a c t i o n s o f the e x t r a c t a b l e bitumens from Upper Dowel l town, P i e r r e , and 

Green Formation Shales and o f the e x t r a c t a b l e bitumens from Nol ichucky 

and Pumpkin Va l l ey Shales are : 

Cg - CgQ i n Upper Dowelltown Shale 

C15 " C19 i n p " ' e r r e S h a l e 

C17 " C23 * * r e e n R iver Formation Shale 

C14 ~ C19 ™ N o l i c h u c k y S h a l e 

and C1(. - C 9 , i n Pumpkin Va l ley Shale. 
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Adsorpt ion r e s u l t s of C s ( I ) , S r ( I I ) , and T c ( V I I ) on the o rgan ic -

ex t rac ted Upper Dowel!town, P i e r r e , Green River Format ion, and Pumpkin 

Va l l ey Shales i n syn the t i c groundwaters, when compared w i t h the r e s u l t s 

of systems con ta in ing corresponding unt reated shale samples, showed t h a t 

i n t e r a c t i o n s d id occur between these th ree nuc l ides and the e x t r a c t a b l e 

organic components as a whole. The pH o f the syn the t i c groundwater 

so lu t i ons i n systems con ta in ing the Upper Dowelltown Shale were a lso 

a f f e c t e d by the e x t r a c t a b l e organic mat te r . This evidence proves t h a t 

the small amounts of the ex t r ac tab le bitumens from these s p e c i f i c shales 

are l a rge enough to p lay a r o l e i n the t r anspo r t o f nuc l i des . 

I t i s ev ident t h a t cons iderable study i s needed on the nature o f 

the organic mat ter i n shales and i n o ther surrounding ma te r i a l s near 

nuc lear b u r i a l s i t e s and the r e l a t i o n s h i p s between the organic mat ter 

and r a d i o - nuc l ides present i n nuclear waste. 

ACKNOWLEDGMENT 

This work was supported by the Sedimentary Rock Program (SERP) 

through the Reposi tory Technology Program, U.S. Department o f Energy. 



38 

REFERENCES 

3. Gonzales, S . ; Johnson, K. S . , Shales and Other A rg i l l aceous S t ra ta 

in the Uni ted S ta tes , Oak Ridge Nat ional Laboratory Report , 

0RNL/Sub/84-64794/l (1984). 

2. T i s s o t , B. P . ; Wel te , D. H . , Petroleum Formation and Occurrence, 

Spr inger -Ver lag , B e r l i n , He ide lberg , New York, Tokyo (1984). 

3. Durand, B; N ica ise , G. , "Procedures f o r kerogen i s o l a t i o n , " Durand, 

B. ( E d i t o r ) , Kerogen, Technip, P a r i s , 35-53 (1980). 

4. Ho, P. C . ; Meyer, R. E . , Review o f the Organic Geochemistry of 

Shales, Oak Ridge Nat ional Laboratory Report , 0RNL/TM-10474 (1987) . 

5. Jensen, B. S . ; Jensen, H . , "Complex fo rmat ion o f se lec ted 

rad ionuc l ides w i t h l igands commonly found i n groundwater: low 

molecular organic a c i d s , " Eur. App l . Res. Rep., Nucl . S c i . Technol. 

Sect . 1477-1582 (1985). 

6. Car lsen, L . , "Radionucl ide - s o i l organic mat ter i n t e r a c t i o n s , " 

Eur. App l . Res. Rep., Nucl . Sc i . Technol . Sect. 6 ( 6 ) , 1419-1476 

(1985) . 

7. Stalmans, M. ; Maes, A . ; Cremers, A . , "Role o f organic mat ter as 

geochemical s ink f o r technet ium i n s o i l s and sediments," Comm. Eur. 

Communities, [Rep . ] Eur. 1986, Eur. 10102, Technetium Envi ron. 

91-113 (1986). 

137 
8. Bunz l , K . ; Schu l t z , W., " D i s t r i b u t i o n c o e f f i c i e n t s of Cs and oc 

Sr by mixtures o f c lay and humic m a t e r i a l , " J . Radioanal. Nucl . 

Chem. 9 0 ( 1 ) , 23-37 (1985). 



39 

9. Car lsen, L . ; Bo, P . ; Larsen, G. , "Radionucl ide-humic ac id 

i n t e r a c t i o n s s tud ied by d i a l y s i s , " ACS Symp. Ser. 246, 167-178 

(1984) . 

10. Lee, S. Y . ; Hyder, L. K . ; A l l e y , P. D . , M inera log ica l 

Charac te r i za t i on o f Selected Shales i n Support of Nuclear Waste 

Reposi tory S tud ies , Oak Ridge Nat ional Laboratory Report , 

0RNL/TM-10567 (1987). 

11. J e w e l l , D. M. ; Weber, J . H . ; Bunger, J . W.; Plancher, H . j Latham, 

D. R . , " Ion exchange, coo rd ina t i on and adsorp t ion chromatographic 

separat ion o f heavy end petroleum d i s t i l l a t e s , " Ana l . Chem., 44, 

1391-1395 (1972) . 

12. Meyer, R. E . ; A rno ld , W. D . ; Ho, P. C . ; Case, F. I . ; O ' K e l l e y , G. 

D . , Geochemical Behavior o f Cs, Sr , Tc, Np, and U i n Sa l ine 

Groundwaters: Sorp t ion Experiments on Shales and The i r Clay Mineral 

Components, Oak Ridge Nat ional Laboratory Report , 0RNL/TM-10634 

(1987). 

13. Cummins, J . J . ; D o o l i t t l e , F. G . ; Robinson, W. E . , Thermal 

Degradation o f Green River Kerogen a t 150° to 350°C, Bureau o f 

Mines Report o f I nves t i ga t i on /1974 , RI 7924 (1974). 

14. Robinson, W. E . , " O r i g i n on c h a r a c t e r i s t i c s of Green River O i l 

Shale" i n O i l Shale, Yen, T. F . ; C h i l i n g a r i a n , G. W. ( E d i t o r s ) , 

E l sev ie r S c i . Pub., Amsterdam-Oxford-New York, 61-76 (1976) . 

15. S i l v e r s t e i n , R. M. ; Bass le r , G. C . ; M o r r i l l , T. C . , Spectrometr ic 

I d e n t i f i c a t i o n o f Organic Compounds, 3 r d , Wi ley & Son, New York 

(1974) . 

16. I b a r r a , J . V . ; Osacar, J . ; Gav i lan , J . M. , " L i g n i t e humic ac ids . I . 

I n t e r a c t i o n s w i t h s t r o n t i u m , l ead , uranium, and thor ium i o n s , " An. 

Quim 75(11) , 814-819 (1979) (CA 92:145631r) . 



40 

17. Johns, R. B . ; Be lsky , T . ; McCarthy, D. E . ; Burl ingame, A. L . , "The 

organic geochemistry o f anc ien t sediments - Part I I , " Geochim. 

Cosmochim. Acta 30, 1191-1222 (1966) . 

18. E g l i n t o n , G. ; Douglas, A. G . ; Maxwel l , J . R . ; Ramsey, J . N . ; 

Sta l Iberg-Stenhagen, S . , "Occurrence of i sopreno id f a t t y acids i n 

the Green River Sha le , " Science 153, 1133-1135 (1966) . 

19. Haug, P . ; Schnoes, H. K . ; Bur l ingame, A. L . , " I sopreno id and 

d i c a r b o x y l i c acids i s o l a t e d from Colorado Green River Shale 

(Eocene)," Science 158, 772-773 (1967). 

20. Haug, P . ; Schnoes, H. K . ; Burl ingame, A. L . , "Aromatic ca rboxy l i c 

acids i s o l a t e d from the Colorado Green River Formation (Eocene)," 

Geochim. Cosmochim. Acta 32, 358-361 (1968). 

21. Anders, D. E . ; Robinson, W. E . , "Cycloankane cons t i t uen t s o f 

bitumen from Green River Sha le , " Geochim. Cosmochim. Acta 35, 

661-678 (1971). 

22. Anders, D. E . ; D o o l i t t l e , F. G. ; Robinson, W. E . , "Ana lys is o f some 

aromat ic hydrocarbons i n a benzene-soluble bitumen from Green River 

Sha le , " Geochim. Cosmochim. Acta 37, 1213-1228 (1973) . 

23. E igh t Peak Index o f Mass Spect ra , 2nd E d i t i o n , publ ished by Mass 

Spectrometry Data Centre, AWRE, Aldermaston, Reading, UK (1974). 

24. Budz ik iew icz , H; D j e r a s s i , C . ; W i l l i a m s , D. H . , Mass Spectrometry 

o f Organic Compounds, Hoi den-Day, San Franc isco, Cambridge, London, 

Amsterdam (1967). 

25. M c L a f f e r t y , F. W., I n t e r p r e t a t i o n o f Mass Spect ra , 3rd Ed-, Univ . 

S c i . Books, M i l l V a l l e y , C a l i f . (1980) . 



41 

26. Guven, N . ; Land is , C. R . ; Jacobs, G. K . , Cha rac te r i za t i on of Clay 

Mineralogy and Organic Mat ter i n Shales: A p p l i c a t i o n t o High-Level 

Nuclear Waste I s o l a t i o n , Oak Ridge Nat iona l Laboratory Report , 

0RNL/TM-10759 (1988) . 

27. Wildung, R. E . ; McFadden, K. M. ; Garland, T. R . , "Technetium 

sources and behavior i n the env i ronment , " J . Env i ron. Qual 8 ( 2 ) , 

156-161 (1979) . 

28. Palmer, D. A . ; Meyer, R. E . , "Adsorpt ion o f technet ium on se lec ted 

inorgan ic ion-exchange ma te r i a l s and on a range o f n a t u r a l l y 

occu r r i ng minera ls under ox ic c o n d i t i o n s , " I n o r g . Nucl . Chem. 

43(11) , 2979-2984 (1981) . 


