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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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January 8, 1980 

TO: Bob Thurnau 

FROM: D. c. Girvin, A. T. Hodgson and P. Fox 

RE: December Monthly Progress Report 
Distribution of As, Cd, Hg, Pb, Sb and Se during 
Simulated In-Situ Oil Shale Retorting 
LBID-161 

TASK 1. ANALYTICAL METHODS FOR OIL AND WATER SAMPLES 

A replacement unit was obtained for the Perkin Elmer Model 

MHS-10 Hg/hydride system. Omega-9, Geokinetics Site 9, and 

150-Ton retort water samples were analyzed for inorganic Hg using 

an atomic absorption spectrophotometer equipped with this system. 

Mercury concentrations in these samples were less than 5 ng/ml. 

Fresh retort water samples analyzed on the same day they were 

produced in the laboratory retort, on the other hand, had 

concentrations ranging between 35 and 350 ng/ml (Table 1). These 

latter samples vlill be periodically· reanalyzed to determine if 

significant Hg loss occurs during storage. If loss occurs, 

sample storage techniques will either have to be modified or 

future samples vvill have to be analyzed upon collection. 

The organic Hg content of retort water samples produced 

during the next retort run will be quantified by incorporating a 

potassium permanganatejpersulfate oxidation step into the Hg 

analytical procedure~ Analyses of oxidized and unoxidized 

water samples will provide an indirect measure of organic Hg. 

TASK 2. ANALYTICAL METHODS FOR GAS SN1PLES 

Light source temperature stability tests for ambient tempera

tures of 15°C and 35°C vJere not conducted due to a ~reakdown. of 

the hot-cold incubator chamber to be used for the test. 
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The malfunctioning test chamber will be repaired and the stability 

test~ will be preformed during January or February. Additional 

matrix interference tests will be deferred until after the next 

LBL retort run. 

TASK 4. LABORATORY PARTITIONING STUDIES 

During December, offgas produced during the retorting of a 

batch of shale in the laboratory retort was monitored for Hg with 

the ZAA instrumentation. The primary objectives of this retort 

run, designated LBL-1, were to gain additional experience with 

the ZAA monitor under simulated field conditions and to evaluate 

recent design changes. These objectives were largely accomplished. 

In addition, Hg was measured in the offgas. However, inter

pretation of the Hg data was precluded by an operator error which 

resulted in excessively rapid heating of the shale bed. 

A batch of ground shale, 1/4 in to +30 mesh, weighing 5.5 kg, 

\'laS heated from 20° to S00°C in nitrogen v.~hich was continuously 

introduced into the retort vessel at a rate of 2L/min. Temperatures 

in the shale column and throughout the system were monitored, and 

oil and water were collected. The ZAA monitor was installed in 

the offgas stream. Flow through the ZAA furnace was maintained 

at 2L/min with an electronic flow controller. Excess offgas flow 

bypassed the ZAA furnace through a 2.1 m high water column and 

was vented. No measurements of total offgas flow rates were made. 

The 0.250 in stainless steel offgas line from the retort 

vessel to the attachment point for the ZAA monitor was heated to 

180°C with heating tapes to reduce condensation of Hg in the tubing. 

Two condensers, maintained at s0 c, we-re switched into this offgas 

'line during peak oil production to prevent clogging of the ZAA 

furnace. The one-meter section of 0.375 in stainless steel tubing 

connecting the ZAA to the retort offgas line was electrically 

heated to 280°C. 
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. The shale bed \'las heated slowly from room temperature to 

160°C at v1hich point the retort furnace v1as to be programmed 

for a temperature increase of 1.5°C/min. However, an error 

in the control settings resulted in a maximum heating rate of 

6.5°Cjmin very early in the run. As a result, Hg was rapidly 

evolved into the offgas stream. Mercury was first detected 

(0.05 mg;m3 ) in the offgas when the axial temperature in the 

shale bed was 173°C. Within 7 minutes, the Hg concentration rose 

to 2.0 mgjm3 and after 14 minutes it reached its maximum value of 
·. . 3 

roughly 4 mg/m (0.45 ppm). Due to the rapid evolution of the 

Hg pulse, this estimate of the maximum concentration is only 

qualitative. The peak concentration occurred at a retort 
0 temperature of 206 c. The pulse of Hg lasted for approximately 

25 minutes with the concentration dropping to approximately 0.2 

m~;m3 by the time the axial retort temperature reached 290°C. 

The exact temperature at which the Hg was volatilized is 

unknown since there was probably a large unmeasured horizontal 

temperature gradient with higher temperatures occurring near the 

retort vessel wall. The heating rate gradually decreased to 

1.5°Cjmin, and retorting continued until the shale temperature. 

reached 500°C. Essentially no Hg· was detected after the initial 

peak. 

Matrix suppression effects similar to those observed during 

the Lawrence Livermore Laboratory retort run, L-3, in May 1979 

were not observed during LBL-1. Calibration curves for nitrogen 

passing through the ZAA were compared throughout the run with 

similar curves obtained for offgas. No difference in ZAA 

response per unit concentration of Hg was observed. Possible 

matrix effects will be investigated during subsequent retort runs. 

Oil and water were collected from the oil-water receiver 

located directly below the retort vessel and from the two condensers. 
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Table 1 gives the· quantities of these products obtained from the 

three collection points. A total of 556.2 g of oil and 4.44 g 

of water were produced. The asphalt compounds remaining in the 

retort vessel were not collected or weighed. 

The three water samples were analyzed for inorganic Hg on the 

day of collection using the cold vapor AAS technique without prior 

oxida:tion of the samples. Concentrations of Hg in these samples are 

.shown in Table 1. The highest concentration occurred in the water 

trapped in the first condenser. The total quantity of inorganic 

Hg in the water was 7.6 ng. The oil and the raw and spent shale 

have not been analyzed. 

PROJECTED WORK 

The projected work for January 1980 is as follows: 

Task 1. Analytical Methods for Oil.and Nater Samples. 

o Retort water samples will be periodically reanalyzed for Hg 

to determine if significant Hg loss occurs during storage. 

o A potassium permanganatejpersulfate oxidation procedure will 

be implemented for treatment of retort waters prior to their analy

sis for Hg. Oxidized and unoxidized retort waters produced during 

the next retort run will be analyzed in order to quantify organic 

Hg. 

o The batch type ZAA spectrometer will be set up to analyze Hg 

in oil and raw and spent shale. 

Task 4. -Laboratory Partitioning Studies.· 
\ 

o The second LBL oil shale retort experiment (LBL-2) will be con

ducted. Offgas will be monitored with the ZAA monitor, and a Hg 

mass balance wil-l be attempted. 
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Table I. Weights of oil and water collected during retort run LBL-1 
. . 

and Hg concentrations in water. 

Collection Point 

Oi'l-Water Receiver 

Retort temp 200°C 

Retort temp 200-500°C 

First Condenser 

Second Condenser 

Oil 

Weight(g) 

536.4 

17.8 

2.0 

Water 

Weight(g) Hg cone. (ng/ml) 

7.6 35 

20.1 76 

16.7 350 
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