
Statistical and Theoretical Research 

Research in f iscal year 1982 has led to the development of improved statist ica l methods for quantifying 
and assessi ng environmental changes produ ced by energy developments. In light of these advance
ments, the descriptive studies of years past have become obsolete. 

At PNL, scientists are studying the fate of contam inants in ecosystems. Using controlled studies, census 
techniques, and models of population dynamics, we have deve loped methods capable of detecting 
changes in the abundance of ani mals as a resu lt of either contam inant exposure or landscape manipu
lat ions (e.g. , construction activities, coo ling ponds, buried wastes of non-nuclear or nuclear origin). 

Significant accomplishments include the creat ion of f ie ld designs to detect population impacts, new 
census procedures for small mammals, and methods fo r des igni ng stud ies to determine where and 
how much of a contaminant is extant over certain landscapes. 

A book describing these statistica l methods is cu rrent ly being written and wi ll apply to a var iety of 
environmental contaminants, including radionuclides. PNL scient ists also have devised an analytical 
method for predicting the success of field experiments on wil d populations. Two highl ights of current 
research are the discoveries that popu lation of free-roami ng horse herds can dou ble in four years and 
that grizzly bear populations may be substantially sma ller than once thought. As stray horses become a 
public nu isance at DO E and other large Federal si tes, it is important to determine th ei r numbers. Simi
lar statistical theory can be readily appl ied to other situation s where wi ld animals are a problem of 
concern to other governmental agencies. Another book, on statistical aspects of radionucl ide studies, 
is w ritten specifically for researchers in rad ioecology; the book will be of use to scientists in other 
areas of research as well. 

EXAMIN ING THE FATE OF CONTAMINANTS FROM 
EN ERGY DEVELOP MENTS 

Effi cient fiel d sampli ng des i gns, backed by 
st at i st i cal ana lyses, enable sc ientists to 
as sess public health and safety impacts f rom 
exposure to radi onu cl ides more quantitative
ly. The focus of t his effort is on dat a 
handling and development; that is , describing 
the pattern of dis t ribution of radionucl ides 
in the environment , est i mat ing concentrat ions 
within ecosystems , and design i ng sampl ing 
schemes to assess t he need for cleanup acti
vities. Such anal yses te ll us whet her con
taminant level s comply wi th env i ronmental 
guidelines and regulat ions . 

Communications between st atis ticians and 
scientists doing radionucli de st udi es are 
being improved by publishing a va r i ety of 
articles of common int erest and by distri 
buting TRANS-STAT, a publi cally avai lable 
newsletter, to Department of Energy cont rac
tors. Publ i cation of t he news l etter fulfi l l s 
PNL's objective of ma king information avai l
able to principal users. The upcoming publi
cation of a book based , in pa rt, on past 
issues of TRAN- STAT will ma ke these methods 
wi dely ava i l abl e to t he genera l sci entif ic 
community. Seve ral commercial publishers 
have offe red t o pub li sh the 17-chapter manu
script, which i nclu des i nfo rmation on how to 

estimate t rans fe r coeff i cients using ratios, 
design fie ld surveys and studies, assess the 
uncertainty of dose-t ransport model predic
ti ons , and estimate the spat ial distribution 
and inventory of contaminants . 

Three new t opics were developed and published 
in TRAN-STAT du ri ng fiscal year 1982. Issues 
17 and 18 of t he newsletter completed a se
ries on extreme-value theory in radionuclide 
studi es; Issue 19 described statistical de
sign aspects of f inding "hot spots" of con
tamination in the environment; and Issue 20, 
contributed by the Los Alamos National Labor
atory, examined ways of statistically esti
matin g parameters in nonl i near transport 
models. Issu es for the coming year will in
clude articles on using ratios to estimate 
transfer coefficients, doing probability 
plotting, designing field studies, and as
sessing uncertainty in dose-transport models. 

In 1982, we again assisted the Nevada Applied 
Ecology Group wi th statistical design and an
al ysi s aspects of radionuclide studies on the 
Nevada Test Site. This work involves the 
cont i nued deve l opment of Kriging methods for 
est imating the spatial distribution of ra
dionucli des. In other related work, we pro
vided the NRC with statistical designs for 
its field studies on stabilizing tailings 
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piles . We also analyzed both uranium bio
ass ay and in vivo measu rements from partici
pa t ing NRC licensed uranium mi l ls (NRC 
funded). In addition, the PNL staff helped 
prepare a guide book on decommissioning and 
decontami nating waste s i tes for DOE. Of 
particul ar i nterest was ODE's decision to 
hold a wo rk shop on t he ocean disposal of low
l evel radioa cti ve waste in which PNL staff 
part ic ipated (Division of Remedial Action). 

CE NS USING WILD AND STRAY POPULATIONS OF LARGE 
ANI MALS 

The con st ructi on and production operations of 
energy f acilities potentially affect the dy
namic responses of an i mals in their natural 
hab i t at, pa rticular ly at sites where the land 
hold in gs are extens i ve. Because populations 
of either wi ld or stray animals cannot be 
studied i n t he laboratory, accurate field 
techni ques are needed to determine how these 
popu l at i ons respond to envi ronmental pres
su res . To date, se ve ral new census methods 
and popu l ation dynamics models have been de
vel oped by PNL scientists that allow the 
accurate census of large animals such as 

horses . The met hods are widely applicable to 
other animals such as the gr i zzl y bear, the 
bowhead whale , and t he manatee. Studies of 
the latter speci es are important t o other 
agencies because t he an i ma l s are included on 
the endangered speci es li st or are actively 
conside red for in cl usion on that list. Our 
ability to coope rate with other concerned 
agencie s has permi tted the use of a wider 
data ba se needed for sound devel opment of the 
statis t ica l theory for wil dlife of concern to 
DOE. 

The National Marine Fi sheri es Servi ce, the 
Nation al Park Service, and t he Fish and Wild
life Service ha ve pri mary respons ibility for 
managing these popu l ations of l arge animals. 
Also involved are the Int erna t i on al Whaling 
Commission , the U.S. Marine Ma mmal Commis
sion, the National Academy of Sci ences, and 
the Bureau of Land Ma nagement . 

In a study of horse herds l ast year, PNL dis
covered that the s i ze of a free- roaming herd 
may double in only four yea rs. Di rect aerial 
counts at a site in Oregon show that t he 
herd's populati on increase rate approached 
20% per year, a rate that can be achieved 

Horses Can Be a Public Nuisance at Large Federal Sites. In Oregon, aerial counts taken th is yea r ind icate that wild horse 
he rds have higher su rvival and reproduction rates than domestic ho rses (see text) . 
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only if survival and reproduction rates are 
higher than those of domestic horses. Adult 
survival was found to be high. 

Nine papers covering research on this project 
were published in fiscal year 1982. The in
vestigators also contributed to the efforts 
of two national committees and held continu
ing faculty appointments at two universities 
and at the Joint Center for Graduate Study in 
Richland, Washington. Through these studies 
and our other methodology research, we are 
developing management approaches that seek to 
balance the real risks to an endangered spec
ies against energy development needs. 

The PNL staff has also created and published 
a census method for use in the controlled re
moval of animals and cont i nued to do research 
on population regulation and dynamics. The 
latter work included publishing an assessment 
of the unusual rate of growth in feral 
horses. Computer models to determine the 
population dynamics of a number of species 
were also implemented. Finally, we are work
ing on a book that summarizes this area of 
statistical research. 

DESIGNING STUDIES TO DETECT EFFECTS ON MOBILE 
SPECIES 

Small, wild animals that are naturally pre
sent on the site of industrial facilities 
often cause a variety of safety and other 
problems. Their reclusive nature makes an 
accurate population count nearly impossible, 
so investigators must usually base their 
population studies on mere estimates of 
animal abundance. Unfortunately, population 
estimates tend to be imprecise. This reli
ance on estimat i on rather than on direct 
measurement distinguishes these particular 
wil dl ife studi es from other ecol ogi ca1 sam
pling programs . 

Through computer studies, we have found that 
the standard statistical approaches (as used 
in agriculture, sociology, and industrial 
quality control) are not appropriate for 
quantifying effects on mobile wildlife 
species. Statistical tests supposedly per
formed at a significance level of a = 0.5 are 
actually at the 0.3 or 0.4 level, values 
which are very little different from chance 
(i.e., 50/50). Similarly, when a population 
changes, the st andard analyses are less like
ly to detect t hat change compared to the 
special statistical tests recently developed 
at PNL. 

Data transformations have proved to be an 
important aspect of the development of the 
new statistical methods. We have found that 

Population Abund ance Is One M ethod of M easuring 

Whether Or Not Particular An imals Are Affected by 

Pollutants. 


the appropriate transformation of abundance 
data depends on the type of census technique 
used . When a capture-tag-reca pture method is 
used, a logarithmic transformation of the 
data is required. However, when a removal 
census (catch -pe r-unit-effort) is used, an 
"inverse " trans fo rmation is necess ary. Ap
propriate data transformation can increase 
the power of statistical t es ts of t reatment 
effects by as much as 20% with no additional 
expense to the field study. 

Another area of improvement has been to de
vise new statistical methods (i .e., "treat
ment effects") when attempting to compare the 
effects of different treatments on animal 
populations , as for example testing for ef
fects of pollutants. The trad i tional reason 
for censusi ng wild populations has been to 
estimate animal numbers in orde r t o manage 
the resource purposely. Thi s leads to inap
propriate methods for comparing treatment ef
fects. By using the "catch" index present in 
al l wildlife census techniques, we have de
veloped stati stical tests that are 2 to 20 
times more efficient than com para ble methods 
which use the absolute abundance da ta from 
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wildlife censuses. Agai n these imp rovements guess work i n desi gning a po pu l at ion study 
do not increase the cost of fie ld studies and resu lts in t he greatest sampling preci
and, furthermore, someti mes can actually sion for t he mo ni t ori ng doll ars available. 
decrease the cost of expensi ve wil dli fe We are now cond ucting research to extend this 
studies. capability to mu l ti-pl ot populati on studies. 

In reviewing the bi ol ogical and statistical 
literatu re , we found no us eful guidelines for 
designing effect i ve fi eld st udies to t est for 
changes in po pu l at ions. The practical conse 
quence of t hi s fin di ng is that many appar
ently wel l -concei ved field st udies are virtu
ally des igned t o fail . In current work, 
therefore, we have deve l oped the first ana 
lytical ca lcu lations for comp uting the prob
able success of proposed fi eld experiments. 
To date, these analyt i cal techniques enab l e 
us to make compari sons of on ly two popu la 
tions at one t i me. For more complex sce
narios invol ving mul ti pl e populati ons subject 
to environmental impact s , Monte Carlo com 
puter t echniques we re used to assess probable 
success rate. We are now developing simpl e 
hand ca lculations for these l arger f ield 
studies. 

Specific i nformation abou t the popu l at i ons 
being compared i s necess ary to des ign cost 
effective studi es and may have to be obt ai ned 
in 	 advance of determin ing treatment effects. 
Information, howeve r, is needed in the fol
lowing areas : 

• 	 expected si ze of populations 

• 	 sampli ng precision 

• 	 va riability in population numbers acros s 
t he landscape 

• 	 costs of es t ab l i shing study plots versus 
costs of t rappi ng. 

Field dat a and cost fu nctions can t hen be 
combined t o yi el d opt imal fi eld study de
si gns. 

Optimizat i on t echni ques will be an important 
tool of the futu re , because t hey can be used 
to determine the most useful sampl i ng program 
and cost-effect i ve approach for a wildlife 
study. If the optimal des ign is determined 
to be economicall y unfeasi ble, al l al te rna 
tive approaches will necessa ril y also be in
effectual, t hus suggesting t hat dollars for 
environmental studi es should be spe nt else
where. 

For conducti ng long-term st ud ies of popul a
tion dynamics, we have devel oped an algori thm 
that can be used to dete rmine the opt ima l 
size of a study plot and the appropria te 
trapping effort to use in censusing a popu l a 
tion. Th is algorithm el i mi nates much of t he 

Multi-plot popu lat i on st udi es mu st balance 
trapping cos ts and censu s prec i sion with the 
costs of esta bl i shi ng st udy sites and the 
natural heterogene ity in animal numbers 
across the l andscape . Du ring t he last year, 
two importa nt fi ndi ngs have brought us closer 
to optimiz i ng such fi el d stu di es, which are 
inherently more complicat ed. Fi rst, we de
veloped and fiel d tested a model for predict
ing the effec t that alte rnative le vels of ef
f ort may have on sampl i ng preci si on. Second, 
we identified a re l ati onsh ip which all ows us 
to predict plot -t o-pl ot vari ance knowing mean 
anima l abundance . These re l ationships will 
be used to dete rmine the ef fe ct that alterna
tive le vels of fie ld replication (nu mber of 
plots) and sampl ing (trapping ef fort) will 
have on the capacity of fi el d stud i es to 
detect reas ona bl e changes in animal numbers 
with both sta tis tica l assurance an d 
si gnifi cance . 
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Interagency Researc:h 

Environmental and energy assessment, to be effective, requires the cooperation of many governmental 
agencies and sponsors. The research topics identified in this section are complementary to work dis

cussed in other sect ions of thi s report, but do not duplicate our DOE work. 

BONNEVILLE POWER ADMINISTRATION 

Envi ronmental Informat i on Gatheri ng and 
Eva luation Re lated to River Operations (Prin 
cipal Investigator : D. H. Fickeisen) 

Biological Stu dies of a 1200-kV Prototype 
Tran smission Syst em near Lyons, Oregon (Prin
ci pa l Investi gat or : L. E. Roge rs ) 

ENVIRONMENTAL PROTECTION AGENCY 

Fate and Effects of Toxic Substances on Ma
ri ne Ecosystem Processes (Pri nc i pa 1 Invest i 
gator: J. W. Anderson) 

Ecological Effect s of New Coal Conversi on 
Techn ol ogi es (P ri nci pal In vesti gat or : 
D. H. Fi ekei sen ) 

Quant i t ative Methods fo r Detect i ng Env i ron
mental Pollution (Principal Invest igator : 
J. M. Thomas) 

Ra di ation Dose- Ri sk Esti mates As sociated with 
the Practice of Deep Sea Di sposal of Low
Level Nuclear Waste (Pri nci pal Investi gator : 
W. L. Temp l eton) 

Col d-Climate Research and Development Program 
(Principal Invest igator: J. B. States) 

Biomonitoring Usin g Honey bees (Pr incipal In 
vestigator: J. M. Thomas ) 

Field Evaluation of Hazardous Waste Site Bio
assays (Principal Investigator:
J. M. Thomas) 

Collection of Sediment from Commencement Bay, 
Washington (P r incipal In ves tigator: 
E. A. Crecelius ) 

KNOLLS ATOMIC POW ER LABORATORY 

Benthic Boundary Layer Program (Principal In 
vestigator: J. S. Young) 

NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH 
SCIENCES 

Fate of Heavy Metals and Heavy Metal Com
plexes in Soils and Plants (Principal Inves
tigator: R. E. Wildung) 

NATIONAL OCEANOGRAPHIC AND ATMOSPHERIC 
ADMINISTRATION 

Eff ect of Oil on the Behavior of Clams and 
Worms (Principal Investigator: 
W. H. Pearson) 

Organic Pollutants in Waterways Adjacent to 
Commencement Bay (Principal Investigator: 
R. G. Riley) 

Dosing of Oysters with St ab le and Radioactive 
Cadmium (Principal Investigator: 
J. T. Hardy) 

Signi f i cance of Metal-Binding Proteins and 
Lysosome-Like Vesicles in Mussels in a Metal
Contaminated Environment: An Experimental 
Field Study (Princi pal Investigator: 
G. Roesijadi) 

Outer Continenta l Shelf Environmental Assess
ment Program (Pr inc ipal Investigator: 
W. H. Pearson) 

History of Contaminant Accumulation in Puget 
Sound and Commencement Bay, Washington (Prin
cipal Investigator: E. A. Crecelius) 

Fate of Pollutants Discharged to Puget Sound: 
Accumulation in Sediments and Marine Birds 
(Principa l Investigator: R. G. Riley) 

NUCLEAR REGULATORY COMMISSION 

Environmental Standard Review Plans (Princi
pal Investigator: D. G. Watson) 

Quantitative Assessment of Aquatic Impacts of 
Power Plants (Principal Investigator: 
D. H. McKenzie) 

37 




NUCLEAR REGULATORY COMMISSI ON (contd) 

Biocide By-Products in Aquatic Environments 
(Pri ncipal Investigator: R. M. Bean) 

Relevance of Biotic Paths to the Regula t i on 
of Nuclear Waste Disposal (Principal Inves ti
gator: D. H. McKenzie) 

Changes in Bioavai1abi1i ty of Low-Level 
Radioactive Effluent s Afte r Pas sage Through 
Soi 1 (Pri nc i pa 1 Investi gat or : D. G. Wa tson) 

Stati stical Methods f or Siting and Mana ging 
Low-Level Radioactive Wa ste Sites (Pri ncipa l 
Investigator: T. L. Page) 

Safety Implications of Biofou1ing at Nuclear 
Power Pl ants (Principal In ve st igator: 
T. L. Page) 

Relevance of Biotic Pat hs to the Regu lati on 
of Nuclear Waste Disposal (Pri ncipal In vesti
gator: D. H. Mc Kenzie) 

OAK RIDGE NATIO NA L LABORATORY 

Coord i nat i on an d Planning of Acid Deposition 
Resea rc h for the Interagency Task Force 
(Pri nci pal In vest i gator: D. H. McKenzie) 

U.S. FISH &WILDLIFE SER VI CE 

Anal ytical Support for Studies of Effects of 
Oil Product ion on Aq uatic Organisms (Princi
pal Invest i gator: R. G. Riley) 

U.S . GE OLOGICAL SURVEY 

Development of Cost-Effective Biomonitoring 
Tec hniques for Federal Oil Shale Lease Tracts 
(Pr i nci pal Investigator : J. R. Skalski) 
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