
o Assessment of Environmental and Safety Aspects for the Enhanced 
Recovery of Gas from Unconventional Sources 

Principal Investigators: E. F. Riedel, D. L. Brenchley, P. J. Mellinger, L. J. Ethridge 

The purpose of this project is to identify and evaluate known, potential, and heretofore unknown 
environmental and safety concerns associated with the recovery of natural gas from unconventional 
sources (GUS). Results of this study will be used by DOE to evaluate the commercialization of this 
important resource. 

Efforts during FY 1979 were focused on 
tight western sands and methane associated 
with coal seems. We assessed the environ
mental, health and safety problems of the 
corrmerciallization of obtaining natural gas 
from these unconventional sources. We found 
environmental, health and safety problems to 
be minimal. They will present no obstacles 
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to the corrmercialization of these resources. 
. The major environmental concerns are road 

construction, well pad construction, drill
ing pits and diesel engine exhaust. The 
most serious occupational safety problems 
are noise (in excess of 100 dBa at 4.5 m) 
and accidents from use of heavy equipment. 





§ Rockwell Support Studies 

Principal Investigator: L. L. Cadwell 

Other Investigators: F. G. Burton, D. A. Cataldo, J. F. Cline, R. E. Fitzner, 

K. A. Gano, L. E. Rogers, R. H. Sauer and W. E. Skiens 

Technical Assistants: M. A. Combs, C. A. Lee, M. J. Harris, L. F. Nelson, 

S. L. Owzarski and M. E. Thiede 

Consultant: N. E. Woodley 

Studies performed for the Rockwell Hanford Operations (RHO) were designed to either 1) identify the 

role of biota in the uptake and transport of radionuclides from low-level waste management areas or 2) 
design and/or evaluate methods for reducing biological transport of radionuclides away from waste 

management areas. The completion and publication of documents reporting the results of previous 
studies was also emphasized this fiscal year. Field studies were designed to characterize insect and plant 

communities occupying low-level waste management areas and to evaluate pond ecosystem response to 
herbicide application. Laboratory studies involved the examination of 1) germination response in plant 
species proposed for surface stabilization on burial grounds, 2) a synthetic polymer matrix as a carrier and 
delivery system for phytotoxins to act as a barrier to plant root penetration of shallow-land low-level waste 

burial sites and 3) factors responsible for differences in radionuclide availability to plants resulting from 

the chemical equilibration of radionuclides occurring under field conditions. 

Characterization Studies: Plants 

During the summer of 1979, previously 
developed and standardized methods were 
applied to characterize the vegetation of 
three RHO low-level radioactive waste man
agement sites. The sites included 5-17, a 
decommissioned pond site; Z-8, a French 
drain; and the Z-19 ditch, an open ditch 
approximately 810 m long. Most of the 
effort was directed toward 5-17, where data 
on canopy cover, biomass, and basal area of 
Siberian wheat grass (Agropyron sibericum) 
were collected in six treatments. At Z-8, 
cover and biomass data were collected. A 
preliminary estimate of vegetative cover was 
made at the Z-19 site. 

At 5-17, the biomass data are quite vari
able, ranging from 397 gm/m2 to 13. The 
canopy cover, however, is less variable, 
with a mean of 34%. At Z-8, the biomass 
data are again quite variable (90 + 27 
gm/m2). This reflects the spotty growth 
pattern of Russian thistle (Salsola kali) 
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and other species (84 + 19 gm/m2). The data 
at the Z-19 ditch were-taken by measuring 
consecutive 30-m lengths along the ditch. 
In each length, the species present were 
estimated to be in one of the stanoa\d cover 
classes established by Daubenmire.(a) Vege
tative composition along Z-19 consisted most
ly of cattail (~ latifolia) at 25%, herbs 
at 31% and willow (Salix amygdaloides) at 
17%. Sedge (Carex spp.) and poplar (Populus 
spp.) make up the small remainder of the 
vegetation. Radiocontaminants in the ditch 
required that observations be made from some 
distance; this introduced a measure of in
accuracy becau se some plants growi ng "j ns i de 
the ditch could not be clearly seen. In 
spite of these restrictions, the method 
appeared adequate to describe the general 
composition of the ditch. 

(a) Daubenmire, R. 1959. "A Canopy-Coverage 
Method of Vegetation Analysis." Northwest 
Science 33:43-64. 



Characterization Studies: Invertebrates 

This year's invertebrate studies support
ed by Rockwell concentrated on the S-17 de
commissioned pond site. The various habitat 
types present at this site were sampled. 
These included Siberian wheatgrass (Agropyron 
s i beri cum), bare areas among the wheatgrass 
(this included sampling of cheatgrass, Bromus 
tectorum) and air volume above the vege~ 
tion, which was sampled for flying insects. 
Special techniques were employed to sample 
grasshoppers and harvester ants (Pogonomyrmex 
owyheei). 

Results are shown in Table 1. The inver
tebrates associated with the bunchgrasses 
contributed the most in numbers and biomass. 
There were relatively few individuals asso
ciated with bare areas and even fewer flying 
insects. Results of the grasshopper census 
indicated that there were 0.97 individuals 
per square meter. The average biomass was 
6.9 mg/m2• This estimate is much lower 
than estimates of density from other Hanford 
locations. 

Harvester ants are abundant on 200 Area 
soils, but they are often hard to sample 
because most colony members remain below 
ground. Harvester ant density and biomass 
values were estimated by counting the number 
of colonies within specified plots at the 
S-17 site and then multiplying by an estimate 
of the number of ants per colony. Ant num
bers were determined by excavating nearby 
colonies. Harvester ants inhabiting the 
S-17 site were estimated at 15.5 ~ 4.4~m2. 
Estimated biomass was 46.4 ~ 13.1 mg/m . 

Combining estimates from individual strata 
and including the estimates of grasshopper 
and harvester ant abundance resulted in an 
overall estimate of 10,242.2 ~ 3318.4 inver-

TABLE 2. Invertebrate Density and Biomass Contributions 
from Major Habitat Types at the 5-17 Study Site 

Habitat Type Density/m2 Biomass, 
mg/m2 

Bunchgrass 10,051.1 ± 3256.5 307.3 ± 182.0 

Bare areas among 
bunchgrass 166.6 ± 30.4 36.4 ± 4.2 

Air above vegetation, 
measured for flying insects 8.0 + 2.0 5.8 + 2.8 

Total 10,225.7 + 3313.1 349.5 + 207.0 
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tebrates per m2• Total biomass was 402.8 
+ 238.6 mg/m2• This estimate does not 
Tnclude other ant species, belowground 
insects, nematodes or acarids that may be 
present. 

Characterization Methods 

As a part of a broad program to charac
terize waste management sites, RHO requested 
a summary of standard methods currently 
available within PNL's Ecological Sciences 
Department for sampling and analyzing se
lected biological components of both aquatic 
and terrestrial ecosystems. PNL publications 
were reviewed and investigators consulted in 
order to assemble a report on the methodo
logical considerations for biotic character
ization of Hanford Area Waste Management 
Sites. In the report, important biological 
parameters were identified and methods were 
described for field sampling, laboratory 
analysis and treatment of the data. This 
synthesis included other important factors 
such as manpower, sample size and statisti
cal considerations. 

Pond Herbicide Study 

A pond herbicide study is currently under
way to evaluate the effectiveness and eco
logical impact of®apPlying an experimental 
herbicide (Sonar ) to emergent vegetation 
in radioactive wastewater ponds. The objec
tive of the herbicide treatment is to reduce 
biological transport from ponds by removing 
vegetation and thereby decreasing the pond's 
attractiveness to waterf~wl and other wild-
1 ife. 

The study site is a small equalizing pond 
connected and adjacent to Gable Mountain 
Pond, a 29-ha impoundment containing low
level radiocontaminants. Surveys of bird 
and mammal spec ies occupy; ng the exper imen
tal site were made before the herbicide was 
applied. Follow-up surveys will be conducted 
to ascertain the success of herbicide treat
ment in controlling the emergent vegetation 
and to document the response of bird and 
mammal populations to the treatment. 

Germination Studies' 

We investigated the germination potential 
of six plant species that may occur natural
ly or be seeded on Hanford waste management 
sites. This study supports RHO's effort to 
determine what plant species may be used 
successfully to stabilize the disturbed soil 
surface over low-level waste burial grounds. 
The effects of three environmental factors, 
soil moisture, soil temperature and planting 
depth, were studied for these six common 



plant species growing on the Hanford Plateau. 
The results are given in Table 2. 

These data indicate that 1) revegetation 
should include a combination of Siberian 

TABLE 3. Effect of Soil Moisture, Soil Temperature and Planting 
Depth on Six Plant Species 

Species 

Percent Germination (X ± 1 S.D.) with Varying 
Soil Moisture at 20De 

Soil Moisture (bar) 

Species 0 -0.3 -1.0 

Siberian wheatgrass 86 ± 4 60 ± 4 24± 4 
(Agropyron sibericum) 

Thickspike wheatgrass 96 ± 3 70 ± 2 0 
(Agropyron dasystachyum) 

Indian ricegrass 4± 2 0 0 
(Oryzopsis hymenoides) 

Russian thistle 90± 4 85 ± 8 68 ± 11 
(Salsola kali) 

Sand dropseed 0 
(Sporobolus cryptandrus) 

Percent Germination (X ± 1 S.D.) with Varying Soil 
Temperature at -0.3 Bar Soil Moisture 

Soil Temperature 

l De 5De lODe 

0 62 .±3 79 ±.2 

0 53 ±3 93 ±3 

72 

86 

-5.0 

23 ± 22 

0 

0 

47 ± 19 

0 

15De 

±3 

±9 

Siberian wheatgrass 

Thickspike wheatgrass 

Indian ricegrass 

eheatgrass 

0 0.2 ± 0.1 1.6 ± 1.1 1.8 ± 1.4 

Russian thistle 

Sand dropseed 

0 59 ±5 79 ±6 

25 ± 1.3 27 ±2 31 ± 17 

0 0 0 

Percent Germination (X ± 1 S.D.) with Varying 
Planting Depth at -0.3 Bar Soil Moisture 

and 20De Soil Temperature 

86 

37 

Planting Depth, in. (cm) 

±.2 

±.5 

0 

20De 

64 ±3 

61 ±.6 

0.4 ± 0.6 

78 ±3 

37 ±.7 

1.6 ± 1.3 

Species 0 1 (2.5) 2 (5.1) 3 (7.6) 

Siberian wheatgrass 66 ±. 8 21 ± 11 3± 2 0 

Thickspike wheatgrass 57 ±5 51 .± 19 14.:t 11 2 ± 1.6 

Indian Ricegrass 11 ± 1 0 0 0 

eheatgrass 82±4 15 ± 10 1 .± 1.7 0 

Russian thistle 32 ± 2 3 ± 2 0 0 

Sand dropseed 3.±2 0 0 0 
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wheatgrass (AgrOp~On sibericum), thick
sp'ike wheat grass Agropyron dasrtaChYUm) 
and cheatgrass (Bromus tectorum , and 2) 
optimal germination will be achieved by 
shallow planting, maintaining high soil 
moisture (-0.3 bar or above) and seeding 
du~ing the season when soil temperatures 
are 5°C to 20°C. A mulch to maintain soil 
moisture during seed germination may be 
necessary. 

Polymer/Incorporated Herbicide Studies 

This work was designed as a feasibility 
study to test the concept of using synthetic 
polymers with incorporated herbicides for 
controlling unwanted vegetation on low-level 
waste management sites. The delivery system 
was designed to act as a reservoir for the 
phytotoxic compound, prevent excessive loss 
and/or degradation of the compound over a 
prolonged period and regulate delivery of 
the compound at a suitable rate to prevent 
root growth through the application zone. 
This study was designed to ascertain a broad 
range of application for seven selected 
phytotoxins and determine which are most 
suitable for release from selected polymeric 
delivery vehicles. No attempt was made to 
analytically determine and optimize release 
rates or release periods in this work. 
Specific optimization of polymeric systems, 
prolonged life, particular phytotoxins and 
release levels can be ascertained through 
additional proposed efforts beyond the scope 
of this feasibility study. 

Seven herbicides were selected for this 
study based on their mode of action and soil 
sorptio~behavior. TQese includ®ed TreflanaD~ 
Surflan@, BromoxynilCBl, Dinseb ,ParaquatI!Y, 
bromoxyniloctanoic acid ester and TBA. The 
herbicides were incorporated into silicone 
polymer sheets at ~10% (wt/wt). Control 
treatments consisted of sheets of silicone 
rubber without incorporated herbicide. The 
sheets were cut to fit the lysimeter. They 
were perforated to determine if the herbicide 
would move beyond the sheet and effectively 
prevent root penetration through voids or 
breaks in normal sheet biobarriers. Lysim
eters contained a 15.2-cm layer of soil, the 
treated or control polymer sheet and an addi
tional 35.56-cm layer of soil. The lysim
eters were then planted with Russian thistle 
(Salsola kali) and placed in a controlled 
env i ronmenta 1 growth chamber with 16 hr of 
light per day and temperature settings of 
20°C day and 12°C night. 

Table 3 shows the shoot and root dry 
weights for each of the treatments. Root 
development appears to have proceeded normal
ly until the roots penetrated to within 2 cm 
of the polymer containing herbicide. Subse-
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TABLE 4. Shoot and Root Weights (g/Iysimeter) of Russian 
Thistle Plants Grown in Herbicide-Treated Lysimeters 

Shoot Yield 
(Leaf and Root 

Herbicide Treatment Number Stem Tissue) Yield 

1. Trellan 7.30 4.75 

2. Surflan 5.56 4.76 

3. Dinoseb 1.62 1.54 

4. Bomoxynil 2.41 0.53 

5. Paraquat 1.32 5.48 

6. Bromoxynil, Octanoic Acid 1.68 5.45 
Ester 

7. TBA 1.80 3.77 

8. Control 6.61 9.15 

quent root growth was confined to the soil 
horizon above the barrier in treatments 1, 
2, 5, 6 and 7 (Table 3). Root growth was 
severely reduced in treatments 3 and 4 
(Table 3). The herbicides in the latter 
treatments (Dinoseb and Bromoxynil) were 
more water-soluble and exhibited lower soil 
sorption capacity than the other herbicides 
tested and therefore diffused further into 
the soil profile. This accounts for the 
reduced root growth. Analyses of the shoot 
dry matter production shows the Treflan and 
Surflan treatment to be comparable to the 
controls, except that in the Surflan treat
ment a noticeable chlorosis was evident 
early in the growth period. This suggests 
some degree of plant mobility of the herbi
cide. Each of the other herbicides tested 
resulted in phytotoxic symptoms to the 
shoots, indicating root absorption and 
translocation of the herbicide to the 
shoot. It is worth noting that shallow
rooted cheatgrass (Bromus tectorum), which 
germinated in each of the treatment contain
ers, was unaffected by the herbicide treat
ment. 

These preliminary data demonstrate the 
versatility of the polymeric barrier systems 
in waste management application. Careful 
selection of the proper herbicide and poly
mer may, in effect, provide a stabilizing 
ground cover of either shallow-rooted vege
tation alone (using a translocatable herbi
cide), a combination of shallow-rooted 
grasses and deep-rooted forbs (with root 
depth penetration limited to the soil hori
zon above the barrier zone by a nontrans-



locatable herbicide) or a totally vegetation
free surface soil (using a soil-diffusible 
nonspecific herbidide). 

Plant Uptake Studies 

Studies are presently underway to deter
mine how chemical equilibrium of radiocon
taminants in soils (presumed to be related 
to the residence time of radionuclides in 
those soils) influences radionuclide avail
ability and uptake in plants. The plant 
uptake studies used soils from field plots 
that were amended with 90Sr and 137Cs 
approximately 20 years ago. Recently, 85Sr 
and 134Cs were added to the soil in order 
to compare plant uptake of strontium and 
ces i um that have had no opportun ity to reach 
chemical equilibrium. Endogenous stable 
cesium and strontium pools were also 
analyzed. 

Another part of this study examines the 
relationship between plant age (stage of 
maturity) and uptake of strontium and cesium. 
Preliminary data from this part of this 
study are presented in Table 4. 

TABLE 5. Concentration Ratios for Barley at Various 
Maturity Stages Grown in Soil Containing Both Aged 
and Recently Amended Strontium and Cesium 

Plant Age at Harvest (Months) 

Radionuclide 2 3 

90Sr (aged) 1.63 0.52 not available 

85Sr (recent) 2.69 1.54 0.51 

137CS (aged) 0.004 0.005 0.003 

134CS (recent) 0.016 0.006 0.005 

Pond Management Alternatives 

An evaluation of pond management alterna
tives proposed by RHO was completed late in 
FY 1979. We examined several methods by 
which wastewater ponds on the Hanford Site 
may be managed to decrease transport of 
radionuclides via several distinct biologi
cal components. The primary objective of 
the evaluation was to predict the effective
ness of each proposed management alternative. 
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Previous baseline ecological studies, sup
ported both by RHO and DOE's Office of Health 
and Environmental Research, provided neces
sary data upon which to base the evaluation. 

The analysis used index values associated 
with four basic parameters (biomass, organ
ism mobility, radionuclide concentration and 
route to man) for defining status quo condi
tions. Levels of impact were defined and 
all alternatives were evaluated for each 
biological component. The analysis showed 
that waterfowl comprise the biological com
ponent with greatest biotransport potential. 
Terrestrial mammals were of second greatest 
importance, followed in order by inverte
brates, fish, terrestrial plants, aquatic 
plants, birds other than waterfowl, semi
aquatic mammals, reptiles and amphibians. 
Among the alternatives analyzed, exclusions 
(fences and mesh top coverings) appear most 
capable of reducing biotransport. Habitat 
modification, including recontouring the 
pond margins and destroying vegetation in 
and around the pond, were estimated to pro
vide the second greatest reduction in bio
transport. Treatments of herbicide only 
were next, followed by wildlife deterrents 
and finally increased monitoring and sur
vei 11 ance. 

Document Preparation 

Five PNL documents reporting on research 
sponsored wholly or in part by RHO were pub
lished during the fiscal year. Additional 
support for the jointly sponsored studies 
was provided by OHER. The subject matter of 
these documents included analysis of small 
mammal populations near a radioactive waste 
pond, behavior of technetium and iodine in 
Hanford soils, comparative availability of 
cesium and strontium for plant absorption 
from a Rupert soil, the nesting biology of 
the American coot (Fulica americana) on 
Hanford waste ponds-ana-radioactivity asso
ciated with the biota of a crib that had 
received liquid radioactive wastes. 

Progress was made on five additional 
documents that are currently nearing comple
tion. These report on the breeding ecology 
of the Swainson's hawk (Buteo swainsoni) in 
southeastern Washington,-use-of the Hanford 
Site by hawks and owls, the occurrence and 
relative abundance of shrub-inhabiting in
sects on the Hanford Site, the diets of deer 
in the vicinity of waste management areas 
and an evaluation of the effectiveness of 
proposed RHO management alternatives for 
reducing biotransport of radionuclides from 
waste ponds. 




