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fRRFACE 

In response to a 1 9 8 6  reques t  from the Department 
of the Interior , the Water S c ience and Technology 
Board (WSTB ) o f  the National Re search Counc il  ( NRC ) 
agreed to conduc t a review o f  the Glen Canyon 
Environme ntal S tudies ( GCES ) of the lower Colorado 
River for the Bureau of Reclamation and to provide 
advice on alternat ive operati on scheme s for the 
Glen Canyon Dam . 

The WSTB was eager to conduct this  review , in 
part becaus e i t  recognized that the Col orado River 
i s  o ne o f  the mos t  valuable water resources in the 
Uni ted S tates . Without the devel opment of  this 
water resource , the Colorado River bas in and its 
e nviro ns , which cover the southwes tern eighth of  
the United S tate s , would be able to support only a 
frac tion o f  its present population . 

J ohn We s ley Powel l  recognized in his 1 8 7 8  Lands 
o f  the Arid Region o f the United S tates report that 
the r i ver would be the s ine gua n2n o f  agricul ture 
in the region . Now we real ize that the river ' s  
energy generates electrical power , its water dr ives 
political , economic , and legal philosophies ,  and 
its  flow and its work as a ge omorphic agent provide 
recreation and tourism in the Southwe s t . The 
Colorado River epi tomizes  a regional water 
resource . 

ix 
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Nearly all o f  the allocation for the lower bas in 
( that area compris ing the s tate of Arizona , parts 
of Nevada , and Cal i fornia) has been set as ide for 
spec ific use s . As demand increases , the quality o f  
the water and the processe s  that control it  will 
become increas ingly dominant i ssues . Sc ience and 
technology were required to develop the resource 
for human use , and so , perhaps science ought to be 
appl ied to make as ses sments and predictions of  the 
long - term results o f  the development . 

The sc ient ific examination o f  any aspect of any 
large river would have appealed to the WSTB . The 
Colorado presented an espec ially exc it ing 
opportunity to examine a set  of investigations - - the 
GCES - - de s i gned to evaluate the effects of s torage 
and power dam operation on bas ic earth science 
phenomena in the context o f  its  extraordinary 
resource value . Furthermore , the board saw the 
opportuni ty to examine the integration of science 
and technology with economic ,  pol i tical , and legal 
ins t i tutions , and to bring thinking from diverse 
dis c ip l ines to bear on procedures  used to 
inves t igate large r ivers . The committee ' s  
membership reflects that intent . The committe e 
members and o thers who partic ipated in the 
commi ttee mee tings represented a broad range o f  
expertise , including aquatic and terre s trial 
ecology , l imnology and water quality mode l ing , 
sediment transport , hydrology/hydraul ics , 
recreation and land use , economics , operations of  
large dams , and water and environmental law .  

As the G len Canyon Environmental S tudie s  began , 
the Bureau o f  Reclamation was be ing pressed on 
environmental i s sues  from several quarters . In 
1 9 7 8 , the U . S .  Fish and Wi ldl i fe Service had fil ed 
a j eopardy op inion on the e ffects of  Glen Canyon 
Dam on endangered fishe s . Environmental i s ts were 
threatening sui t to block the bureau ' s planned 
increase in generating capac ity of  the dam . 
Recreational users ( anglers and rafters ) in lower 

X 
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Glen Canyon and in Grand Canyon represented an 
increas ingly vocal and s i gnificant economic force . 
Thes e  r iver users he ightened the National Park 
S ervic e' s concerns about their miss ions in the face 
o f  increas ing use o f  the r iver . These is sues  were 
creating a s ituation that could not be overlooked . 

The board was inter es t ed in help ing and appo inted 
a capab l e  committee that eagerly undertook the 
task . The members o f  the Committee to Review the 
G len Canyon Environmental S tudies achieved s o l id 
rapport with the GCES investigators and interact ion 
quickly became product ive . The review presented in 
thi s  report was conducted with candor and rece ived 
in good spirit . 

The commi ttee was directed to ( 1 )  review and 
advis e  on the G l en Canyon Environmental S tudies  in 
progres s , and give a general asses sment of how wel l  
thes e act ivit i es were achieving the ir intended 
goals ; (2) advise on interpretation of  information 
for impact analys i s  from the technical data 
developed ; (3) provide advice on the proces s  of  
identi fying the environmental el ements for ranking 
op erational alternatives for G l en Canyon Dam ; and 
(4 ) extrapolate from thi s  case s tudy 
recommendations to o thers who may pursue s imi lar 
environmental s tudi es at other sites in the future . 

To fulfill  its ass igned tasks , the committee 
provided general advice to the GCES research team 
at three committee meetings , and the GCES proj ect 
manager was advi sed o f  the committee ' s  progres s  
through quarterly summary reports . The as s es sment 
of how we l l  the GCES were achieving the ir intended 
goals i s  given in detai l in Chapter 4 of  this  
report . The as ses sment was difficul t becaus e the 
GCES obj ect ives wer e  not c learly articulated at the 
beginning , sc ient i fic obj ectives were confused with 
management/pol icy o bjectives , and obj ectives 
changed during the course o f  the s tudy . 

Memb ers of  the committee agree that changes in 
the op eration of  Glen Canyon Dam were reflec ted in 
measurabl e change s in the natural resources in the 

xi  
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riparian corridor downs tream through the Grand 
Canyon . Some change s are documented directly . 
Others are predictions o f  e ffec ts based on the 
committee ' s  unders tanding o f  sys tem func tion for 
which data are unavailable . The latter remain as 
unte s ted hypo theses  that could be pursued as part 
of an impac t analys i s . 

The committee ' s  advice on the process  for ranking 
operational alternat ives inc ludes critic i sm of the 
GCES s tudies  and advice for future s tudy of this  
and o ther r ivers . The committee ' s  recommendat ions 
cal l for planning and execut ion of future s tudies 
to tes t  predicted outcome s o f  releases  by 
management . Details  of the tes t ing can vary for 
different elements of the ecosys tem as they are 
j udged to be of greater or lesser value to the 
users of the Colorado River . 

The committee ' s  s tudy inc luded a review of  the 
performance and resul ts o f  approximate ly 30 s tudies  
conduc ted by GCES  inve s t igators from the Bureau of  
Reclamat ion , National Park Service , Fish and 
Wildl i fe Service , Ar izona Game and Fish Department , 
U . S .  Geological Survey , and other pr ivate 
contrac tors over the s tudy period ( s ee Appendix C ) ; 
a review o f  the Bureau o f  Reclamat ion ' s  planning 
and management of thi s  proj ect ; the integration of  
the GCES into a dec is ion - making report to  the 
Bureau of  Reclamation ; and , the ut i l i ty of  the GCES 
resul ts for management o f  the Colorado River , the 
Grand Canyon , and the operation of Glen Canyon Dam . 

The committee rece ived mos t  of  the draft re search 
reports between November 1 9 8 6  and February 1 9 8 7 . 
The final document reviewed by the commi ttee was 
the July 1 9 8 7  draft of the GCES integrated report . 
All reports reviewed by the commi ttee were drafts 
in progre s s . 

Three meetings were arranged over the 18 -month 
s tudy per iod for the committee to mee t  with all 
GCES research inve s t igators , l iaison 
representatives , and personne l from the Bureau o f  
Reclamat ion , National Park Service , Fish and 

x i i  
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Wildl i fe Service , Arizona Game and Fish Department , 
and We stern Area Power Adminis trat ion , among 
o thers .  At the se first three mee tings the 
commi ttee concentrated on help ing the GCES 
re searchers improve the ir  individual research 
reports and the final integrated report . 

The firs t meeting in September 1 9 8 6  was held to 
de fine the nature o f  the problem , the sc ient i fic 
and pol icy i s sue s involved and to develop the 
proce ss by which the commi ttee ' s  review would be 
conducted . The second mee ting , in November 1 9 8 6 , 
provided an opportunity for the committee to 
discuss research is sue s  with the GCES 
inve stigators .  Field re search was e ssential ly 
fini shed by the commi ttee ' s  second meeting . 
Therefore recommendations on what research should 
have been conducted and how it should have been 
organized could no t be used , but the commi ttee did 
assi st in analysis  and interpretat ion of  data in 
hand . 

At its  third mee t ing (March 1 9 87 ) , the commi ttee 
me t with the team o f  GCES wri ters/investigators 
de signated to integrate the separate s tudies into a 
synthe si s  o f  information about environmental 
e ffect s .  Thus the third meeting was dedicated to 
advi sing thi s  team about report integrat ion and to 
outl ining thi s  report and to as s igning wr i t ing 
tasks . 

The commi ttee scheduled its  fourth meeting (July 
1 9 8 7 )  as a wri t ing workshop . Approximately three 
weeks before this ses s ion ,  the GCES team completed 
the ir integrated report , which included four 
subteam reports as appendices , and sent it to the 
committee for review . The commi ttee drafted 
conclus ions and recommendations at this  meet ing . 
In S ep tember 1 9 8 7 , an execut ive group appo inted by 
the commi ttee chairman me t in Washington , D . C . , to 
further organize and edi t this  report to the Bureau 
o f  Reclamation . 

The commi ttee was aware that it  was reviewing 
inve s tigations in progre ss , i . e . , while the 

x i i i  
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interpretati ons were be ing drawn and reports were 
be ing wr i tten and synthe s ized into 
recommendations . The t iming of the review , the 
shift ing deadl ines , and the cons equent frus trat ion 
were , for the mos t  part , borne patiently . The 
bureau ' s extens ion o f  the deadl ine for the GCES 
integration report and of the commi ttee's review 
schedule was apprec iated . 

One o f  the results o f  these events is  that the 
final report o f  the GCES team already conta ins some 
of the benefit  of the committee ' s  scrut iny . Thi s  
was an excep tional benefit  o f  the cooperat ive 
interac tion that the committee and the GCES team 
achieved . The commi ttee cons cious ly has tried to 
remain obj ective about the task , and has written 
what it hopes to be a use ful critique for the 
Bureau of Reclamat ion and for the c i t izens of the 
S outhwe s t . 

I am pleased to have worked with both these 
groups . 

G .  Richard Marzol f , Chairman 
Commi ttee to Review the Glen 

Canyon Environmental S tudies 
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IIJGUtlVfi SUM11ARY 

REVI EW OF THE GLEN C ANYON 
ENVIRONMENTAL S TUDIES 

S ince the turn o f  the century , water is sues in 
the S outhwes t  have centered on the use of  
irr igation to reclaim land fo r  agriculture and , 
more recently , the generation o f  hydroelectric 
power . The Bureau o f  Reclamation has a maj or 
respons ib i l i ty for federal government involvement 
in water resource development and , by mos t  measures 
o f  progress ,  the ir  ac t ivities have been succes s ful . 

In recent years , however , water quality issues 
have as sumed greater attention . As the l imits of  
the quanti ty of  water are reached and as the 
population o f  the S outhwes t  grows and changes ,  
water users o ther than agriculture and power 
generation ( e . g . , recreation and urban water 
supply) have gained more legal and political 
s tanding . As a resul t , the laws are changing and 
the Bureau of  Rec lamation is adj us ting to maj or 
changes in respons ib i l i ty ,  i . e . , from irrigation 
deve lopment and power generat ion to operations 
p lanning and environmental management . 

The Bureau of  Reclamation ' s  performance o f  the 
Glen Canyon Environmental S tudies (GCES ) , in the 
period from 1 9 8 2  to 1 9 8 7 , is  one manifes tat ion of  
the change . The GCES were ini t iated in 1 9 8 2  as a 
respons e to s ome o f  these  new pres sures , but now 

- 1 -
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( 1 9 87)  the Department o f  Interior would l ike to use 
the GCES re sul ts to help make dec i s ions about ( 1 )  
long - term operational criteria for the dam , ( 2 )  
opportunities  for managing the Colorado River , and , 
finally , ( 3 )  legal requirements for environmental 
protect ion . 

In 1 9 8 6 , the Department o f  Inter ior reques ted the 
Water Sc ience and Technology Board (WSTB ) of  the 
Nat i onal Re search Counc i l  to review the Glen Canyon 
Environmental S tudies  ( GCES ) for the Bureau of  
Reclamat ion . The WSTB agreed to provide advice to  
the bureau as i t  sought to  evaluate the e ffects  of  
the ope rat ion o f  Glen Canyon Dam on  downs tream 
re source s .  

This  review o f  the GCES is  focused on the July 
19 87 G len Canyon Environmental S tudies Draft Report 
prepared by Bureau o f  Reclamation sc ient i s ts and 
the planning and work leading to i t . The NRC ' s  
commi ttee was involved with the GCES scient i s ts 
throughout the period when the July GCES Draft 
Report was be ing prepared . The committee had the 
opportunity to discus s  var ious i ssues with them and 
to review the individual research reports that 
underp in the ir inte grated draft ( see Appendix D ) . 
Although the committee does not believe that the 
Bureau of Reclamation can make long-term decisions 
concerning the management of Glen Canyon Dam based 
on the GCES, the studies have yielded some 
excellent information in the areas of 
geomorphology, aquatic and terrestrial biology , and 
recreation .  

Many o f  the individual s tudies i n  the GCES 
resul ted in pub l i shable sc ientific products us eful 
to the bureau . The shortfall s  of the GCES program 
can be placed in four general categories : 

• Insufficient attention to early planning and 
careful articulation of objectives . This lack of 
planning has led to an appearance that the bureau 
is not fully open to changes that might be 
sugge sted as a result of the research done by the 
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GCES investigations, or, that by limiting the 
scope, unwanted options would not be examined. 

• Inadequate consideration of management 
options. For example, questions to consider 
include What are the costs of operational changes 
in terms of lost power revenues and what are the 
gains from meeting management goals in regard to 
downstream resources? 

• Uncertain conversion of the research results 
into management options. 

• Failure to identify the rationale for 
assigning values to downstream resources so 
management goals could be set. Thus, the GCES 
researchers have not reached (could not reach) firm 
conclusions about the operation of the dam . 

Although the final draft GCES report recommends 
s everal options , thi s  committee bel ieves that , only 
those  call ing for additional work are j us t i fied . 
Therefore , the GCES e ffort  was a mix of  success and 
failure . The committee believes that , de spite the 
obvious inadequac ies  o f  the GCES , use ful new 
knowledge has been gained which can serve as the 
bas i s  for future work by the Department o f  the 
Interior . The committee believes that management 
o f  resource s  is feas ible but i t  demands ecological 
understanding . Such understanding in thi s  case 
will  require sus tained research because ( 1 )  
management o f  the Colorado River will make use o f  
the control  afforded by the dam , ( 2 )  the r iver 
ecosys tem is in disequil ibrium because of the dam 
cons truc t ion itsel f , and thus (3) operational 
deci s ions wi l l  require continuous checking to 
confirm that the de s ired e ffects  are be ing 
achieved . 

To achieve thi s  leve l o f  understanding , managers 
mus t make new commitments to involve sc ientists  in 
the development of management s trategies . 
S c ient i s ts have been will ing to be involved , but 
unfortunate ly are o ften seen by managers as 
" gadfl ies . "  The margin for error i s  shr inking as 
management goal s become more complex and the 
effects  o f  mis takes extend further and last 
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longer . Management , approached as i f  the plans 
were merely reform actions to solve spec ific 
problems , with no subsequent intere s t  in whether 
management goal s were achieved , is unacceptable . 
Careful planning that incorporates ecosys tem 
princ iples accompanied by follow up moni toring 
effort is e s s ential . 

I f  the Bureau of Reclamation seeks to al ter its  
mis s ion from development to resource management , a 
maj or revis ion in perspective and skill  will be 
required . A pos s ible approach might inc lude 
es tab l i shing , among Department o f  Interior agenc i e s  
and leading sc ientists , an overs ight group with the 
nece s s ary breadth o f  perspective to meld sc ience 
with natural resource management . 

FINDINGS AND RECOMMENDATIONS 

The commi ttee ' s  findings and recommendat ions 
provide advice to the Department of the Interior 
not only on the spec ific components of the GCES but 
also for the des ign and conduc t of future 
environmental s tudie s  of a s imilar nature . The se  
brief abs tracts o f  the maj or findings are followed 
by recommendations in bold pr int . 

Valuable New Information 

The re sul ts o f  the GCES represent a subs tant ial 
increase in knowledge o f  the Colorado River 
ecosys tem as it exist s  in the Glen Canyon and the 
Grand Canyon . Unfortunately , few data were 
available to de scribe the charac ter of the r iver 
sys tem prior to the closure of Glen Canyon Dam . 
Thi s  will  remain a maj or impediment to our full 
under s tanding o f  the changes that have occurred as 
a result o f  the cons truc t ion of  the dam , al though 
s tudy ing reache s o f  the Colorado not affected by 
impoundment may give important clues . Thus , the 
uncertainty about how the r iver cont inue s to change 
and how it might be managed will  be higher than i f  
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pre - dam information had been available . 
Nevertheles s , the GCES provide s  the begi nning o f  
us e ful documentation a t  a time when the Bureau of  
Reclamation is  cons idering improved management of  
the Colorado River as  part of its  respons ib i l i ty .  

Although the committee does  not believe that the 
B ureau o f  Reclamat ion can make any long- term 
dec i s ions concerning the management of Glen Canyon 
Dam based on the GCES , the s tudie s  have yielded 
s ome excellent information . GCES s c ient i s ts should 
be  encouraged to submi t  the ir work for 
pub lication . Clearly , not al l reports wil l  yield 
pub l i shable manuscripts . In s ome cases  the 
product ion o f  unpub l i shable results  i s  tes timony to 
the inadequacy o f  the wor k  and of the planning that 
led to i t . Many results , however , represent new 
knowledge and will contribute to the information 
base about the Colorado River . 

Future work by the Department of  the Interior 
should seek to 

• encourage publication of study results to 
gain credibility in the scientific community and to 
assure accessibility of information 

• establish a data management, storage, and 
retrieval system to provide easy access and quality 
assurance 

• consider investigations of southwestern rivers 
in other places where impoundment has not altered 
system interaction 

Aquatic Resource s  

The s tudies  o f  aquatic resource s  have good 
breadth and touch on mos t  of  the subj ects that 
could have been cons idered of po tent ial 
s ignificance when the s tudies  began . Program 
components that were particularly outs tanding 
include extens ive documentation of the abundance 
and d i s tr ibution o f  f i she s , documentat ion of 
phys ical hab i tat charac ter i s tics , growth and 
cond i t ion fac tors in f i she s , and determinat ion of  
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fish feeding hab its . The interpretation o f  thes e  
data provide s numerous use ful ins ights concerning 
the mechanisms that regulate the fish resources o f  
the Colorado River . 

The new informat ion improves our understanding o f  
the phys ical l imitations o n  individual fish spec i e s  
in the Colorado River . However , the data base and 
data analys i s  need to be expanded to support 
predict ive mode l ing o f  crit ical hab i tat space for 
fish spec ies  in both adult and larval s tages . Thi s  
requires integrat ion o f  research efforts with 
s tudies  focus ed on sediment depos ition ,  particle 
s i ze dis tr ibut ion , and invertebrate and algal 
produc tivity in the r iver downs tream from Glen 
Canyon . 

The Department o f  the Interior should 

• support a monitoring program to evaluate 
future operations in the context of a Colorado 
River ecosystem model with priority on sediments 
and aquatic biota components 

• evaluate the quality of the water that is 
released or could be released at different levels 
from Lake Powell. e . g . •  temperature. nutrients. 
particulate organic materials. and zooplankton 

• include algal and invertebrate productivity in 
future aquatic study 

• perform focused studies on sediment movement 
and deposition in reaches between the dam and Lake 
Mead 

• develop predictive. process-oriented models to 
understand sediments. water temperature. nutrient 
concentrations. and economics of power production 

Terres tr ial Bio logy 

The terres tr ial researchers were faced with the 
difficult task o f  collecting enough data in a sho r t  
p e r i o d  o f  t ime , and under condit ions for which they 
had no t planned , to be able to offer sugges t ions 
for r iver management .  Thi s  component o f  the GCES 
report suffers from a failure to l ink r iver ine 
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phenomena ( e . g . , sediment eros ion and depos ition) 
to terres trial phenomena ( e . g . , food of terrestrial 
vertebrates from the river)  and from a confus ing 
mixture of science and value j udgment . Al though it  
i s  o ften use ful t o  remove references and lengthy 
explanations from the body o f  the report , in this  
ins tance the text became more confus ing because 
assumptions , values , and facts were not documented , 
differentiated , and/or explained . Even so , the 
recommendat ion made by the researchers to continue 
the monitoring is s ignificant . Will ingnes s  to 
adj us t the flow pattern in response to resource 
changes is the key to managing the sys tem . 

The maj ority o f  the individual GCES terre s tr ial 
b i o logy research proj ects were carefully executed . 
The results  contribute valuable informat ion . 
Analys i s , however , was l imited because some data 
were miss ing , numbers were few , and repl icat ion was 
minimal . Many of these  prob lems resulted from 
unexpected flood conditions dur ing the s tudy 
period . 

Future wor k  by the Department o f  the Interior 
• should seek to 

• establish links to river productivity in 
future terrestrial studies 

• plan for heterogeneity and match methods to 
the temporal and spatial scales of the phenomena 

• prepare for the unexpected in schedule and 
budget preparation; think probabilistically 

• document the process by which resource values 
are judged 

Sediments and Hydrology 

The sediment and hydrology research effort has 
produced s ome excellent new unders tanding of  
certain critical components o f  the complex sys tem 
of water and sediment movement through the Grand 
Canyon . The information about mechani sms o f  sand 
ero s i on and depos ition in recirculation zone s , 
observat ions o f  change s in sediment s torage in the 
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r iver channel , observat i on of the depos it i on 
resul t ing from debris  fl ows , and the phys ical 
analys i s  of flow dynamics in rapids are examples of 
this  go od work . Integrat ing these elements into a 
ful ler understanding o f  sedimentary phenomena was 
hindered , however , because the mode l ing s tudy of 
the sediment and water flow was conducted 
separately . Al s o ,  insuffic ient attent i on was paid 
to sediment s ource , s inks , and sediment movement t o  
beaches and riparian zones . The se elements are now 
real ized to be of central imp ortance becaus e they 
were the focus of other port i ons of GCES . 

Future work by the Department o f  the Inter i or 
should s eek to  

• look for connections between research 
disciplines in the planning phases of the study 

• initiate studies of tributary processes 
because they are the main source of sediment in the 
Colorado River mainstem 

• include in future hydrologic research 
empirical approaches as well as modeling approaches 

• link sediment studies to biological and 
hydrological monitoring and research 

• institute geomorphic studies to supplement the 
hydraulic studies of the Colorado River system in 
the Grand Canyon 

Recreat i on 

The commi ttee was wel l  satis fied that the 
relevant que s t i ons in the recreati on s tudy were 
approached given the c ons traints in the scope of 
analys i s  embedded in the de s i gn of  the GCES 
research program . The change in recreati on value 
in response to changes in dam operati ons and in 
terms of appropriate monetary units of measure was 
evaluated succes s ful ly . The s tudy is  notable first  
for the care that was taken to des i gn a survey 
research ins trument for each of the relevant 
recreat i on populations and second for the care with 
which the s tat i s tical inferences were drawn . A 
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great deal o f  relevant information for management 
was obtained from these results . The recreation 
rep orts provided a new dimens ion to planning for 
dam operations and an opportunity for further 
exp l oration and tes t ing o f  the contingency 
valuation s tudy . 

Future wor k  by the Department of  the Interior 
should seek to 

• clarify the costs, benefits, and tradeoffs 
between power generation and recreation 
opporttmities 

• broaden the definition of constituencies to 
include not only those who enjoy the Grand Canyon's 
recreational opporttmities; but all those who care 
about the future of the resource 

• avoid reliance on the use of hypothetical 
flows as the basis for predicting user behavior 

Operations 

The materi al presented in the operati ons section 
of the final July 1 9 8 7  draft GCES report is  a maj or 
improvement over earl ier drafts seen by the 
c ommi ttee . Thi s  type of  informati on would have 
been use ful in the planning phases of the GCES . 
However , much o f  the material presented in the 
operations section of  the final July draft GCES 
rep ort is more relevant to revenue , cus tomers ,  and 
the operati on o f  the entire We s tern Area Power 
Adminis trat ion (WAPA) service area than it is to 
the operation of the dam itsel f . The hydrop ower 
capac i ty of Glen Canyon Dam i s  about 7 8  percent of 
the total Colorado River S torage Proj ec t  ( CRSP )  
capac i ty ,  but CRS P  is  but a small percentage of 
WAPA . The operat i ons section would have been more 
use ful to the analys is  o f  Glen Canyon Dam 
operations i f  i t  had focused on Lake Powe l l  ( or at 
leas t on CRS P )  to develop economic information 
use ful t o  dec i s ions on change s in dam operations . 
Fur the rmore , a compar i s on of l os t  revenue s from 
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power produc t i on and p otent ial gains from 
management operat i on of the dam will be neces s ary 
at s ome t ime . 

The Department o f  the Interior should 

• accept options 1 and 2 of the final draft 
GCES report: (1) Initiate a feasibility study of 
possible changes in dam operations and 
non-operations alternatives for protecting 
downstream resources . Such studies comply with 
National Environmental Policy Act (NEPA) 
requirements for informing and involving interested 
and affected publics and agencies. (2) Continue 
with research and monitoring of resources. 

• consider all management options (e.g. , base 
load hydroelectric operations , discharge and timing 
of releases , installation and operation of multiple 
outlet structures , and strategies for conservation 
that use less than maximum storage in Lake Powell) 

The Integrated Final Report 

The integrated final GCES rep ort that was given 
to the committee in July 1 9 8 7  is  a readable 
document for the general pub l ic . The c ommittee 
s uspects that thi s  type of document was produced to 
achieve p ol icy obj e c tive s . The GCES s c ientists , 
however , have sacr i ficed scholarly r igor to achieve 
th is  brevity and readab i l i ty .  By doing s o ,  they 
have r i sked confus ing readers who do not take the 
t ime to read the supp ort ing rep orts . The 
comb inat i on of sacr ificed scholarly rigor and 
apparent value j udgments increases  the r i sk of 
m i s leading managers . This  inappropr iate use of 
s c ience could lead to poor pol icy . 

The inte grat ion o f  the results  from the 
b io logical , sediment , and recreat ional s tudies  is  
incomplete . There is  l ittle direct 
cros s - re ferenc ing , between s tudy c omp onents and 
many pol icy s tatements do no t cons ider interac t i ons 
and indirect effects . In short , it  is  not clear 
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ho w the authors arrived at their bold , box - enc l osed 
s tatements even after inspection of  the supporting 
appendixes .  

Unclear Obj ectives 

The goals and obj ectives presented in the GCES 
were articulated vaguely , they were incons i s tent 
across  individual s tudies ,  and they often c onfused 
science and pol icy . They seemed to  be more 
s trongly related to the miss ions of the 
participating agencies than to unders tanding how 
the controlled hydrologic regime of the river 
influenced downs tream resources .  For example , the 
National Park Service emphas ized "naturalnes s , "  and 
the Arizona Game and Fish Department emphas ized a 
sport fishery based on trout . The GCES did not 
carefully identi fy the res ource use s  and the 
boundaries of  the s tudy , espec ially as related to  
the miss ions o f  the agenc ies respons ible for 
management . Potential management s trategies 
( called operational scenar i os )  were l imited in the 
original research des i gn and were s tated in such a 
way that the GCES sc ient i s ts as sumed that only one 
management s trategy c ould be employed without 
adj ustments through time ( i . e . , management s trategy 
is  assumed immutable ) . 

Thes e  shortcomings in the early planning s tage s 
precluded orderly progre s s  toward integrat ion of 
information . The problems they caused grew unt i l  
the GCES scient i s ts experienced great difficul ty 
producing an integrated report at the end of the 
s tudy . 

Future work by the Department of  the Inter i or 
should seek to 

• establish specific objectives , e stablish the 
geographic zone of pote ntial e ffects , and i dentify 
resource uses and values 

• set proper boundaries for the study 
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Exi s ting Information Not Used In Planning 

One feature of early planning that seemed to be 
miss ing was the recognit ion and use of exi s ting 
research on the Colorado River sys tem . For 
example , information was avai l able from parallel 
s tudies at the impoundment in Flaming Gorge and its 
tai lwater fi shery that might have led to early 
ins i ght about the conceptual scheme for the r iver 
below Lake Powe l l . An early review o f  thi s  and 
other information about the r iver in the Grand 
Canyon might have led researchers to recognize the 
need for early planning and the need to unders tand 
the interaction o f  ecosys tem components . This 
might have preempted what turned out to be an 
over - re l i ance on the mis s ions o f  partic ipating 
agencies , the ir budgets , the ir available "pool "  o f  
researchers , and so on , a s  the mechanism of  
planning that was apparently used by default .  

Future inves t i gations should be preceded by 

• a review of existing knowledge in the 
planning phase , and preparation of a written report 
o f  the review as documentation 

Confus ion Between Adminis trat ive 
and Sc ientific Oversight 

There was no clear separation of adminis trative 
and scientific overs ight for the GCES proj ect . 
Both functions suffered as a result . For example , 
the GCES proj ect manager was also one o f  the 
researchers , the contrac ts manager , and the report 
integrator ,  and was looked to for general overs ight 
by many o f  the partic ipant researchers . Al though 
the GCES proj ect manager was energetic and 
enthus ias tic about the tasks , the committee 
bel ieves that no one person should have been 
as s i gned such diverse respons ib i l ities  for research 
and management in such a large environmental s tudy . 

Furthermore , no senior sc ientist  or  group o f  
experienced sc ience advisors were involved i n  the 

I 
I 
I 

J 
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early planning or in helping the researchers in 
analysis and integration during the study. Had 
experienced scientists been involved, the results 
almost certainly would have been more satisfactory 
and useful. Such an advisory group could have 
aided the researchers as their work progressed and 
might have been able to make smooth mid-course 
corrections as opportunities arose. The committee 
was especially aware of this need because of the 
difficulty it encountered in its advisory capacity 
at the end of the GCES study period. 

Future work by the Department of the Interior 
should seek to 

• bring senior scientists in at the beginning 
of environmental studies 

• establish a scientific oversight group 
• separate agency administration from scientific 

oversight 
• establish a report integration team at the 

beginning of such a project rather than at the end 

Lack of Contingency Planning 

In any environmental study of a river, unexpected 
events may occur and should be considered in the 
planning phase of the study. During the 20-year 
period preceding the study, the flow in the river 
was controlled, usually with low flows so Lake 
Powell would fill. Variations in flows reflected 
variations in demand for hydroelectric power. With 
the reservoir at full storage capacity, however, 
the probability of uncontrolled flow (spill or 
flood) increased dramatically. 

Extraordinarily high runoff from spring thaw 
combined with late snows and rains in 1983 produced 
an unexpected inflow to an already full Lake 
Powell. Release of the water required the use of 
the bypass tubes and the spillways and produced 
higher flows in the river than had been experienced 
for at least two decades. 
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Wi th few excepti ons the individual GCES reports 
refer to the e ffects  o f  the flooding , and so  i t  i s  
c l e ar that s ome analyses  were conduc ted a s  the 
o pportunity forced i t s e l f  on the proj ect . The 
flooding was seen by mos t  researchers , however , as 
a maj or i nterference with the s tated tasks . Bureau 
o f  Rec l amat ion adminis trators cons idered the flood 
to be a po tent ial reason for discontinuing the 
s tudi e s . 

The l e s s on from this  experience i s  that 
uncerta i nty charac te r i zes  ecosys tem proces s e s  and 
the une xpected shoul d  be cons idered in planning . 
What are the mos t  l ike ly maj or events that would 
i nfluence the conduc t o f  the research? What should 
be done i f  such an event occurred? 

Future work by the Department of  the Interior 
should 

• assume complexity , interactions , and indirect 
effects in future studies 

• treat operations as manipulative experiments 
and, thus, monitoring as experimental data 
collection 

Need for Peer Review in Proj ect  Selection 

The individual proj ects in the GCES were 
ident ified at the beginning of the s tudy in the 
ab sence o f  a care ful de s ign , spec ific goal s , and 
we l l - s tated obj ec t ives . Proj ect funds were 
commi t ted early , and planning was added as the 
proj ect grew . A concep tual scheme to guide the 
s e lect ion o f  c rit ical research que s t ions and c lear 
i de nt i ficat ion o f  the required research ski l l s  was 
ne eded . 

The lead agency for the GCES - - the Bureau of  
Recl amation- - ap parently did not s o l i c i t  the talent 
to conduc t the needed research through a 
peer - re vi ewed reque s t  for proposal s . The committee 
be l i e ve s  that such talent e xi s ts outs ide the 
age nc i e s  directly i nvo lved in the proj ect , e . g . , 
U.S. G e o l ogical Survey , Nat ional Park Service , 
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Arizona Fish and Game Department, U . S .  Fish and 
Wildlife Service. A broad search for the best and 
most experienced researchers is a necessary effort 
for such a large - scale environmental study. This 
applies to scientists that are supported to conduct 
the work and to the appointment of any scientific 
oversight group. 

Future government research should 

• solicit scientific talent for the work based 
on a research plan 

• use merit competition to select researchers, 
including a peer review system outside the agency 
or agencies conducting the study 
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1 

INTRODUCTION 

HISTORY OF THE DEVELOPMENT OF THE COLORADO 
RIVER AND THE GLEN C ANYON DAM 

The headwaters o f  the Colorado River and i ts 
tr ibutar ies  drain the mountains of  Colorado , Utah , 
New Mexico , and Wyoming and flow southwes terly , 
emptying into the Gulf o f  Cal i fornia in Mexico . I t  
i s  the second longes t  r iver in the United S tates , 
the Mis s i s s ipp i River be ing the longe s t . The 
Colorado River has eroded the more ar id canyon 
lands o f  the Southwe s t , the mos t  spectacular be ing 
the Grand Canyon in Ar izona . Thi s  eros ion from the 
lower reaches o f  the bas in explains the r iver ' s  
high sediment loads and turb idity . The San Juan 
Rive r , a large tributary o f  the Colorado River from 
the eas t , drains mountain s lopes and plateaus in 
southwe s tern Colorado , northwes tern New Mexico , and 
a small portion o f  northern Ar izona , and flows 
through a canyon in southeastern Utah , j o ining the 
Colorado in Glen Canyon now Lake Powe l l  ( Figure 
1 . 1 ) .  

The potent ial o f  the Co lorado for irrigation was 
recognized as early as 1 8 5 0 , and proposals to use 
the r iver for generat ion o f  hydroe lectric power go 
back more than 80  years . The 1905  floods that 
de s troyed the irrigat ion works cons tructed in the 
Imperial Valley created po l i tical pres sure for the 

- 16 -
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FIGURE 1.1 Location map of the Colorado River 
basin. 

SOURCE: U.S. Department of the Interior, 1987. 
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the cons truc tion o f  a large s to rage dam on the 
r iver . In 1 9 2 2  the river was allocated between the 
upper and lower bas ins by the Colorado River 
Compac t .  Congres s  passed the Boulder Canyon 
Proj ect  Ac t in 1 9 2 8 , which autho rized the 
cons truc t ion of a high dam in Boulder Canyon . 
Hoover Dam , which formed Lake Mead , the large s t  of 
many impoundments seeking to contro l the river , was 
dedicated by Pres ident Frankl in D .  Rooseve l t  on 
Se ptember 30 , 1 9 3 5 . In the late 1940s and 1950s  
the Department o f  Interior still  regarded the 
Colorado as a " natural menace "  ( DO l ,  1946 ) to be 
harnes sed  to prevent flooding and to provide water 
re s ources  for the Colorado River bas in s tates . In 
a 1946  DO l report to Congres s  t i tled The Colorado 
River : A Comprehens ive Department Report on the 
Deve lopment o f  the Water Resources of tbe Co lorado 
River Bas in , the DO l de scribes the development of 
the Colorado River bas in in terms of  harnes s ing its  
power for " cr i t ical material " (wate r )  to irrigate 
crop s , locating towns and c i ties within a short 
d is tance o f  dependable dome s tic and munic ipal water 
supp l ie s , and encouraging mining and o ther 
indus tries that would depend on the availab i l i ty of 
hydroe lectric power . The river bas in has s ince 
been deve loped to the po int where the Colorado 
River is  known as " the world ' s  mos t  regulated 
river . "  

The benefits afforded by the deve lopment of  the 
Colorado , inc luding flood control , hydroelectric 
power generat ion , munic ipal and indus trial water , 
recreat ion , hab i tat for fish and wildl i fe , and 
water for agricul ture , canno t be fully satis fied 
wi thout some confl ict . The Bureau of Reclamation 
has a s e t  o f  legally defined respons ib i l ities  for 
regulat ing the flow o f  the river , defined by the 
1 9 2 2  Colorado River Compac t .  They coordinate 
federal , regional , and s tate agencies , water users , 
and o ther interes ted parties . Current operat ion o f  
control s truc tures o n  the Colorado River b y  the 
Bure au o f  Reclamation is based largely on forecas t 
o f  runoff , available s torage , and requirements or 
demand fo r wate r - - all according to app l icable laws . 
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When the Colorado River S torage Proj ect  Act 
became law in 1 9 5 6 , i t  authorized the Secre tary of 
the Interior to construc t , operate , and maintain 4 
s torage proj ects and 11  partic ipating irrigation 
proj ects . One of these was the Glen Canyon Dam . 
The prior i ty purposes o f  the s torage proj ects were 
to ( 1 )  regulate the flow of the Colorado River ; ( 2 )  
s tore water for beneficial consump tive use ; ( 3 )  
p rovide for the reclamat ion o f  arid and s emiarid 
land ; and (4 ) generate hydroelectric power . 

Glen Canyon Dam was closed in 1 9 6 3 , and Lake 
Po we l l  Reservo ir was in the filling phase from 1 9 6 3  
t o  1 9 8 0 . The s torage volume behind Glen Canyon Dam 
is 2 7  mill ion acre fee t  ( to an e levation of 3 , 700 
fee t ) . The release of water is  controlled by the 
pens tocks to e ight generators , capable of releas ing 
3 1 , 500 cfs , two r iver outlets  with a comb ined 
release capac i ty o f  15 , 000 c fs , and two 
concrete - l ined sp il lways with a comb ined release of  
208 , 000 c fs . 

The cons truc t ion and operation of  Glen Canyon Dam 
altered the river below Glen Canyon by s tab i l iz ing 
the flow and temperature and reduc ing sediment 
loads . Pre - impoundment sediment discharge through 
the Grand Canyon averaged 140 mill ion tons per 
year , ranging from 5 0  to 500 mill ion tons . Mos t  of  
the s ediment i s  now trapped in  Lake Powe l l . Before 
the dam was bui l t , there was a wide range in water 
temp erature . Winter lows ranged to near freez ing , 
and temperatures warmed to near 30°C as the 
annual floods subs ided dur ing July and Augus t .  

LAW OF THE RIVER AND THE OPERATION OF 
GLEN C ANYON DAM 

The operation of Glen Canyon Dam is  c ircumscribed 
by the " Law o f  the River . "  The " law" is  often 
invoke d by the Bureau of Rec lamat ion to demons trate 
the e xtent to which it is  constrained in its  
ab i l i ty to al ter release patterns from the dam . To 
unde r s tand the relationship between the Law of the 
River and the dai ly , monthly , and yearly operation 
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o f  the dam and Lake Powe l l , i t  i s  necessary to 
dis t inguish between short - term and long - term 
operations . Both are ul t imately related , but the 
fai lure to dis t inguish between the two , as 
exemp l i fied by t�e Glen Canyon Environmental 
S tudy ' s evaluation of the law and the operat ion of 
the dam , may overs tate to a s ignificant degree the 
legal cons traints under which the bureau operates . 

The clas s ic Law of the River is  a law o f  mas s 
allocat ions be tween the upper and lower bas ins , the 
Uni ted S tates , and Mexico , and among the seven 
bas in s tates and Indian tribe s , supp lemented by 
national and internat ional water qual i ty and 
environmental qual i ty legis lation . This  law has 
ve ry l ittle to do with the day - to - day operations of 
the dam . Beyond ensuring that Lake Powel l  i s  
filled b y  July 1 of  each year , the bureau has not 
had to operate the dam to al locate water in 
response to a long - term shortage on which the 
clas s ic law is premised . Ins tead , the bureau 
operates the dam on a dai ly bas i s  to maximize power 
revenue s to repay the costs of  the dam and 
reclamation proj ects  in the upper bas in . The duty 
to comply with the law of mass allocations could 
cons train the daily and monthly operations of the 
dam , but i t  i s  important to real ize that to date 
the bureau has been able to operate the dam within 
the broade s t  parame ters of  the common unders tanding 
of the Law of the River . A brief review of the law 
o f  mas s  allocation i s  neces s ary for the reader t o  
evaluate the cons traints to which the bureau is  
subj ect  and to under s tand the deficiencies  of the 
component of the GCES report on dam operations . 

1 .  1 9 2 2  Colorado River Compact .  In 1922  the 
lower and upper bas in s tates agreed to a mas s 
allocation be tween the two bas ins , with a 
contingency for the sat i s faction of  Mexican 
claims . The upper bas in s tate s (Wyoming , Utah , 
Colorado , New Mexico ) agreed to the compac t  to 
reserve water for the ir future use that they feared 
would be lost  to the more rap idly develop ing lower 
bas in s tates ( Nevada , Arizona , Cal i fornia ) , 
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especially California . The upper basin states 
correctly anticipated that the Supreme Court would 
app ly the law of prior appropriation in equitab le 
apportionment actions between states that follow 
the doctrine . The lower basin states consented to 
a limitation on their right to continue to 
appropriate Colorado River water in order to obtain 
federal construction of Boulder Dam . 

2 .  1928 Boulder Canyon Proj ect Act . Congress 
appropriated money to construct Boulder Dam and 
r equired California to limit its use to 4 . 4  million 
acre feet of the lower basin ' s  allotment , which set 
a limitation for Arizona since Nevada has 
consistently claimed only 300 , 000 acre feet . 

3 .  1948 Mexican Water Treaty . The United States 
agreed to provide Mexico with 1 . 5  million acre feet 
per year . Questions about the quality of the water 
were deferred until the 1970s . 

4 .  1948 Upper Bas in Compact . The upper basin 
states agreed to a percentage allocation among 
themselves of the amount reserved by the 192 2  
Compact . They did this because the Bureau of 
Reclamation told them that it would not recommend 
any r eclamation p roj ects in the upper basin until 
each state had a firm entitlement . 

5 .  196 3 - 1964 Supreme Court decis ion in Arizona 
v .  California . To the surprise of the basin 
states , the Supreme Court held that ( 1 )  the 19 28 
limitation on California ' s  use was a congressional 
exercise of its power under the commerce clause to 
apportionment of the river among Arizona , 
California , and Nevada , ( 2 )  the S ecretary of the 
Interior has the discretion to apportion water in 
times of shortage incident to administration of 
reclamation contracts by whatever formula is 
chosen , and ( 3 )  Indian reservations and federal 
reservations of pub lic lands may claim federal 
reserved water rights to fulfill the purpose of the 
reservation . The result was that Arizona got the 
firm water right it needed to seek federal funding 
of the Central Arizona Proj ect ( CAP ) , which has now 
been completed to Phoenix . The net effect of 
Arizona v .  California was to make the Secretary of 
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the Inter ior the River Mas ter and to provide Indian 
tribes  some measure o f  water par i ty with 
agr icul tural and munic ipal users . 

6 .  1 9 6 8  Colorado River Proj ect  Act .  This  ac t 
authorized the Central Arizona Proj ect  and 
partially reversed Arizona v .  Cal i fornia becaus e 
Ar izona agreed to subordinate CAP de l iveries to 4 . 4  
mill ion acre fee t  of  exi s t ing Cal i fornia uses  as 
we l l  as to all present perfected rights in Ar izona 
and Nevada . These  are the senior rights around 
Yuma and the Imperial Valley and the five Colorado 
River tribe s . 

7 .  1 9 7 2  and 1 9 7 7  Clean Water Acts . Reduc t ion of  
sal ini ty levels  became a national commi tment . 

8 .  1 9 7 3  Endansered Species Ac t .  This  federal 
legis lation requires that federal proj ects  be 
operated to pro tect  l i s ted threatened or endangered 
species  j eopardized by the proj e c t . The 
relat i onship be tween flow releases  required to 
comply with the act and prior s tate and federal 
allocat ions is unc lear . 

There is  a potential confl ict be tween use of  the 
dam and re servo ir for power generation and use for 
carryover s torage to meet the various mas s  
allocat ion dut ie s . For example , suppose the upper 
bas in demands that water be s tored to mee t  its 
future 10 - year average de l ivery obligat ion but 
ins tead the Secretary of the Interior releases  
water to mee t  power contract s?  A 1 9 64 secre tarial 
dec i s ion to re lease Lake Powe ll water , while the 
reservo ir was filling , was protested by the upper 
bas in s tate s . The resul ting controversy led to the 
formulation of operating criteria of lakes Mead and 
Powell that were enacted into law in 1 9 6 8 . The 
relevant text o f  the s tatute provides : 

In order to comp ly wi th and carry ou t th e 
provi s i ons of th e Co lorado Ri ver Compac t ,  th e 
Upper Co lorado Ri ver Basin Compac t ,  and th e 
Mexican Wa t er Trea ty , th e Secre tary sha l l  propos e  
cri teria for the coordina ted long - range opera tion 
of th e res ervo i rs cons truc ted and opera ted under 

Copyright © National Academy of Sciences. All rights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http://www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


- 2 3 -

the au thori ty of th e Colorado River S torage 
Proj ec t Ac t [43 USCA §620 e t  s eq . ] ,  th e 
Boul der Canyon Proj ec t Ac t [43 USCA §61 7 e t  
s eq . ] ,  an d  the Boul der Canyon Proj ec t Adjus tmen t 
Ac t [43 USCA §618  e t  s eq . ] .  To effec t  in 
part the purposes expressed in thi s  paragraph , 
the cri teria sha l l  make provi s ion for th e s torage 
of wa ter in s torage un i ts of th e Col orado Ri ver 
s torage proj ec t and rel eases of wa ter from Lake 
Powe l l  in the fol l owing l i s ted order of pri ori ty : 

(1 ) rel eas es to supply one - halE th e defi c i ency 
described in art i c l e  III (c) of the Colorado Ri ver 
Compac t ,  if any such defi c i ency exi s ts and i s  
chargeab l e  t o  the s ta tes of the Upper Divi s i on , 
bu t in any even t such rel eas es , if any , sha l l  no t 
be required in any year tha t the Secre tary makes 
the determina tion and i ssues th e proclama tion 
spec ified in s ec t ion 1512 of th i s  ti t l e ;  

(2) rel eas es t o  comply wi th arti c l e  III (d) of 
the Colorado River Compac t ,  l ess such quan t i t i es 
of wa ter de l i vered in to the Colorado Ri ver b elow 
Lee ' s  Ferry to the credi t of the s ta tes of th e 
Upper Divi s i on from o th er sourc es ; and 

(3) s torage of wa ter no t required for th e 
rel eas es spec ifi ed in c l auses (1 ) and (2) of th i s  
subsec t ion t o  the exten t tha t the Secre tary ,  
after consu l ta tion wi th the Upper Colorado Ri ver 
Commi ssion and represen ta t i ves of the three Lower 
Divi s i on S ta tes and taking in to consi dera tion a l l  
rel evan t fac tors (incl uding , bu t not l imi ted to 
h i s toric s treamflows , th e mos t cri t i cal period of 
record , and probab i l i t i es of wa t er supply) , sha l l  
find t o  b e  reasonably necessary t o  assure 
del iveri es under c laus es (1 ) and (2) wi thou t 
impairmen t of annual consump tive uses in th e 
upp er basin pursuan t to the Colorado River 
Compac t :  provi ded , tha t wa t er no t so required to 
b e  s tored sha l l  be rel eas ed from Lake Powe l l : 
(i) to th e ext en t i t  can b e  reasonab ly appl i ed in 
th e s ta tes of th e Lower Divi s i on to th e us es 
specifi ed in arti c l e  III (e) of the Co lorado Ri ver 
Compac t ,  bu t no such re l eases sha l l  be made when 
the ac t i ve s torage in Lake Powe l l  is l ess than 
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the ac t i ve s torage in Lake Mead , (i i )  to 
ma in tain , as nearly as prac t i cabl e ,  ac tive 
s torage in Lake Mead equal to th e a c t i ve s torage 
in Lake Powe l l , and (i i i )  to avoid an t i c ipa ted 
spi l l s  from Lake Powe l l . 

This  s tatute tracks the Law o f  the River . The 
salient portions incorporated into the s tatute are 
the two compacts and prior congress ional 
legi s lation . The 1 9 2 2  Colorado River Compac t 
divides the bas in between upper and lower s tates 
and awards each bas in 7 . 5  mill ion acre fee t  
annual ly and gives the lower bas in the right to 
increase its use s  ano ther 1 mill ion acre fee t . The 
1948 compac t apportions the upper bas in ' s 7 . 5  
mill ion acre fee t  on a percentage bas i s  among the 
four upper bas in s tates . The 1948 Mexican Water 
Treaty guarantees Mexico 1 . 5  mi ll ion acre feet  per 
year ; the burden is to be borne equally by the two 
bas ins if surp lus water i s  no t available . The 
Boulder Canyon Proj ect authorized the cons truc t ion 
of Hoover Dam , and authorized Arizona , Cal i fornia , 
and Nevada to enter into a compact to divide the 
lower bas in such that they would rece ive 2 , 800 , 000 ; 
400 , 000 ; and 300 , 000 acre fee t , respective ly . No 
such inters tate compact was made , but in Arizona v .  
Cal i fornia , the Supreme Court cons trued the ac t to 
be a congres s ional apportionment of  the lower 
bas in . Article I I I ( c )  of the 1922 compac t requires 
that the upper bas in s tates contribute one -hal f o f  
the Mexican Treaty obligation , but section 1 5 1 2  
recognizes that the Mexican Treaty obl igat ion i s  a 
national one and the uppe r  bas in s tates are 
re l i eved of the ir I I I ( c )  duties if the Secre tary o f  
the Interior finds that augmented supp l ie s  o f  the 
Colorado sys tem are available to mee t  the 
obl i gation . In 1 9 6 8  Senator J ackson succes s fully 
sponsored an amendment that prohib i ted the Bureau 
of  Rec lamat ion from s tudying augmentation plans for 
any river sys tem outs ide the seven bas in s tate s , 
e . g . , the Columbia , for 10 years . Article I I I ( d) 
requires the upper bas in s tates no t to caus e an 
aggregate dep letion in the river at Lee ' s  Ferry 
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below 75 million acre feet for any 10-year 
consecutive period " reached in continuing 
progressive series beginning with the first day of 
October next succeeding the ratification of this 
compact . "  Article III (e ) prohibits the upper basin 
states from withholding water and the lower basin 
states from requiring the delivery of water that 
cannot reasonably be applied to domestic and 
agricultural uses . There is no mention of power 
generation in the section . 

INITIATION OF THE GLEN CANYON 
ENVIRONMENTAL STUDIES 

The physical boundaries of the Glen Canyon 
Environmental Studies (GCES) extended from Glen 
Canyon Dam through the Grand Canyon to Lake Mead 
( Figure 1 . 2 ) . Thes� boundaries were specified in 
Commissioner Broadbent ' s  December 6 ,  1982 , 
memorandum (see Appendix B-2 ) . The study boundary 
was the Colorado River reach between Lake Powell 
and Lake Mead , excluding both reservoirs (Figure 
1 . 1 ) . 

The Glen Canyon Environmental Studies have their 
roots in court decisions and public involvement . 
When it became apparent that operation of the 
rebuilt turbines in Glen Canyon Dam could increase 
the fluctuations of water levels downstream in the 
Grand Canyon , tour operators offering white-water 
raft trips through the canyon became concerned 
about the continuing quality and safety of their 
excursions . Private citizens and environmental 
preservation organizations were also concerned 
about the continued vitality of ecosystems in the 
Grand Canyon that might be subj ect to alteration by 
the fluctuations in flow. 

In association with several groups , one tour 
operator , Grand Canyon Dorries , Inc. , brought suit 
against Ronald H .  Walker , Director of the National 
Park Service , and other DOl officials in an attempt 
to prevent the extreme fluctuations in water levels 
( Grand Canyon Dorries .  Inc . .  et al . v. Ronald H .  
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SOURCE : U . S .  Department of the Interior , 1 9 8 7 . 
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Walker , 500 F . 2d 5 8 8  1974 , see Appendix B - 1 ) . 
Addit i onal ly , the suit po inted out that operation 
of  the Glen Canyon Dam properly fell under the 
requirements of the National Environmental Pol icy 

' Act , Section 102 of which requires an environmental 
impact s tatement for maj or federal proj ects that 
affect the human environment . 

The U . S .  D i s trict Court for the District of Utah 
ruled that the government did not have contractual 
ob l i gati ons to supply r iver flow to the Grand 
Canyon in any particular fashion to benefit 
whi te - water recreationists , so  that the court could 
not order DOl ( and thus the Bureau of Reclamation) 
to res trict  fluc tuations . The D i s trict Court also 
rule d  that while  the Nat ional Environmental Pol icy 
Act might apply to the operation of Glen Canyon 
Dam , DOl and the Bureau of  Reclamation had not yet 
exerc ised the ir own adminis trative procedures in 
the matter . In fac t , there was no evidence that 
the department or the bureau had ever even 
cons idered whe ther or not the operation of the dam 
required an impact s tatement . The court was 
unwill ing to interfere with the proces s  until  the 
department and the bureau had made the ir dec i s ions 
regarding the is sue . In 1 9 74 the Court of Appeals 
uphel d  the initi al rul ing . 

The ac t ivities  surrounding the court case c learly 
indic ated that the department and the bureau would 
have to make some determination regarding the need 
for an environmental impact s tatement for the 
operat ion of the dam . If they did nothing , they 
would be l ikely targe ts  of another suit for fai lure 
to fo l low the ir own regulations pertaining to the 
National Environmental Pol icy Ac t . The bureau 
responded in good fai th by solic i t ing public  input 
through a series  of open mee tings and mail - based 
comment proces s e s , which revealed wide s pread pub l ic 
intere s t  in the i s sue as well as a variety o f  
opinions about pos s ible  downs tream impac ts o f  the 
dam . By the early 1 9 80s it  was obvious that the 
bureau would have to as s e s s  those impac ts , but i t  
was also obvio.us that sc ient ific understanding of  
the pos s ible  change s in the Grand Canyon resul ting 
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from dam o pe rat ions was s everely l imited . The 
bureau responded to this  conundrum by init iating 
the Glen Canyon Environmental S tudie s .  

Environmental research is not a tradi t ional 
miss ion of the Bureau of Rec l amation , and so the 
ini tiative was somewhat unexpected . Nevertheless , 
a po tent ial change in the maximum flow through the 
Glen Canyon Dam ' s generators accompanied a 4 - year 
program o f  powe r plant maintenance and improvement 
that was comple ted in e arly 1 9 8 7 . Thi s  estab l i shed 
a need for an environmental asses sment under the 
te rms of the Nat ional Environmental Pol icy Ac t ,  
wh ich may have been a cruc ial influence on the 
de c i s ion to ini t iate the s tudies . 

REVIEW OF THE GCES AND ITS APPLICATION TO 
RIVER ECOSYSTEM STUDIES IN GENERAL 

The inve s t igation o f  large r ivers requires 
talents and ski l l s  from a wide range o f  
disc i pl ine s , many of  which have cons idered rivers 
less important than o ther subj ects , or too 
di fficul t , or both . Mo s t  inves t igations o f  flowing 
water have been conduc ted in headwater s treams that 
are smaller and have less diverse riparian land 
proces ses . The deve lopment o f  appropr iate 
ecosys tem concepts is , there fore , as uncertain as 
i t  i s  difficul t . The opportunity to review the 
re sul ts of a series  of s tudies  that set  out to 
de l ineate river ecosys tem concepts promised to be 
interest ing becaus e the information would be useful 
to concep tual development fo r future s tudy . 

No t only is  the matter o f  integrating di s c ipl ine s 
di fficul t , e . g . , hydraul ics with sedimentat ion or 
water chemis try with bio logical produc tivity or 
water law with recreational values , but the 
s c ient ific i s sues in each of these  areas alone , in 
the context of large rivers , reach for new 
knowle dge . No matter how critical this  review 
appears to be , there should be no doub t that the 
committee has a great deal of res pect for the GCES 
s c ient i s ts and what they have attempted .  The 
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research task was particularly challenging because 
there were so few pre-dam data describing phenomena 
in the river that were thought to be affected by 
dam operations . The products of the study are 
criticized , of course ; some fall short and some are 
excellent, and the scientists should be applauded 
heartily for the attempt. 

Ecosystem study is complex , and simplification is 
often part of the planning stage . The more complex 
the system , the more drastic the simplification 
measures and the greater the uncertainty of the 
results . Here are a few cautions of which to be 
aware . 

1 .  Small headwater streams are more easily 
considered as part of the terrestrial ecosystem in 
which they are embedded . Large rivers are not j ust 
small streams with greater discharges . They defy 
categorization as ecosystems or parts of ecosystems 
because : 

a .  Large catchments involve climatic and 
hydrologic heterogeneity . Therefore, they usually 
contain several, if not many , ecosystem types as 
characterized by terrestrial vegetation . This 
large - scale spatial variability may be integrated 
to some degree by the flow of the river, but the 
details of this are undocumented. A few examples 
exist (e . g . ,  Amazon River) where the temporal 
variability of flow from different regions in the 
large catchment imparts different characteristics 
to the water . 

b .  The boundaries of large river ecosystems are 
vague . Boundaries of ecosystems are often chosen 
according to the convenience of investigators . An 
a priori j udgment about minimal fluxes of material 
or energy , or places where the fluxes might be 
measured with minimal expense or effort , is a 
common criterion. Many aquatic ecosystems defined 
this way consider the shoreline as the most 
appropriate boundary . Large rivers do not fit this 
pattern of thinking. What is the shoreline? the 
active channel? the floodplain? How far upstream 
must one travel for adequate measurement of the 
imported water and materials being carried by it? 
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2 .  Large r ivers are inconvenient units for 
samp l ing and analys i s . The hydrologic regime 
should dic tate sampl ing frequency . Tr ibutary and 
hydraul ic patterns ought to dictate sample  
spac ing . The s cale of the discharge of large 
rivers is often beyond the scale of s amp l ing 
logi s t ics  that were developed for smal ler s treams 
or for lake s . This makes observation and analys is  
di fficul t and expens ive . Interpretation wil l  be 
uncertain because the var iance wil l  be high .  This 
i s  dis concerting because the channe l heterogene i ty 
i t s e l f  may be of  c r i t ical interes t .  

3 .  Large r ivers are rarely free of  the e ffects 
o f  c ivi l ization s ince r ivers have dic tated human 
ac t ivity throughout his tory . Thus , mos t  large 
r ivers are out of equilibrium as they respond to 
human al terat ions . 

The difficul ty of large r iver s tudy i s  partly 
pragmatic . Logistics , expens e , and inadequate 
samp l ing protocols  all present challenges that 
often preoccupy the attention of investigators . 
The intellectual challenge of  addres s ing a flowing 
sys tem at large scale is of much greater intere s t . 
The difficul ty i s  not the faul t of the river ; i t  
li es  with the mental cons truct of the " river 
ecosys tem . "  

Al though the Glen Canyon sys tem is  intricate , i t  
can be presented i n  a concep tual scheme that shows 
the interactions between components . Such a 
conceptual s cheme provide s  a way to begin to 
understand the processes  and interac tions among the 
resources of the system . I t  can provide the 
bas e l ine and background to understanding the Glen 
Canyon sys tem currently functioning under human 
intervent ion . Human intervent ion through 
cons truc tion of  Glen Canyon Dam has created an 
al tered s e t  of control var iables . These  can be 
described as management requirements that lead to 
operat ion of the dam . 

The conce ptual s cheme shown in Figure 1 . 3  was 
devised by the commi ttee to guide the ir  
interpretat ion as they reviewed the Glen Canyon 
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FIGURE 1 . 3  Conceptual scheme of Glen Canyon 
ecosystem components and their interactions under 
presen t  operations of Glen Canyon Dam . 
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Envi ronmental S tudies . The Water Science and 
Technology Board believe s that the reque s t  to the 
National Research Counc il  for advice and review 
might have resulted in a more us e ful exchange had 
it been made at the beginning of the GCES s tudy 
period . However , the board also believes that a 
review o f  the GCES could yield s pec i fic ins ight and 
recommendat ions to the Bureau o f  Reclamat ion and 
other agenc ies that might conduc t future 
environmental s tudies of large river sys tems . 
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The p lanning and management o f  the Glen Canyon 
Environmental S tudie s  cons i s ted of three dis t inc t 
ac tiv i t ies  that had direct bearing on the val idi ty 
and use fulne s s  of the outcomes of the proj ect 
research . Firs t , the de finition o f  obj ectives 
determ ined the s c ientific direc tion o f  the s tudie s ;  
second , the adminis trative s truc ture es tab l i shed 
the working relat ionships among proj ect 
par t i c ipants ; and third , the selection and 
organ i zation of  researchers created a spec i fic pool 
of expertise  and working relationships for the 
proj e c t . 

The s trengths and weaknesses  of the proj ect  
planning e ffort were s ignificant influences  on the 
sc ienti fic success  of  the e ffort because planning 
and management de termined which que s tions would be 
addre s sed  ( obj ectives ) ,  how the researchers would 
work and communicate with each o ther , and which 
re s earchers would contribute to or review the 
fini shed products . Good dec i s ions as wel l  as 
mis takes at the management leve l were therefore 
re fl e c t e d  in the sc ientific output o f  the proj ect . 

DEFINITION OF OBJ ECTIVES 

The de finit ion of research obj ective s fo r the 
s tud i e s  began with a December 6 ,  1 9 8 2 , letter ( s ee 

- 3 3 -
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Appendix B - 2  and Figure 2 . 1 ) from Bureau of  
Rec l amat ion Commiss ioner Robert M .  Broadbent to the 
bureau ' s Salt  Lake C i ty Regional Direc tor . 
Broadbent po inted out that al though the o peration 
o f  uprated generators in Glen Canyon Dam offered a 
var iety o f  discharge options , the maximum releases 
from the dam were to be l imited to the ( 1 9 8 2 )  
max imum of 3 1 , 500 c fs . This  maximum was no t t o  be 
exceede d  unt i l  the complet ion of a dec is ion process  
that inc luded compl iance with the National 
Environmental Po licy Ac t .  This general direc t ion 
by Broadbent focused attent ion on relative ly low 
flows . 

The December 6 ,  1 9 8 2 , le tter also contained more 
s pec i fic directions that e ssentially defined the 
original obj ectives of the Glen Canyon 
Environmental S tudies . Broadbent ins truc ted the 
regional director to de termine how the present 
( 1 9 8 2 ) flow patterns affected the Grand Canyon 
r iver ine environment , espec ial ly with re ference to 
low- flow effects  on recreational r iver raft ing and 
sport fishing . He further ins tructed that the 
s tudies  should cons ider low- flow regimes of 1 , 000 , 
3 , 000 , 4 , 000 , 5 , 000 , and 8 , 000 c fs . The s tudies  
were also to identi fy the discharge at which 
mater ial impac ts appeared in beach eros ion , 
recreation , and fisheries . 

On Apr i l  15 , 1 9 8 3 , C l ifford I .  Barrett , Salt  Lake 
C i ty Regional Director of the Bureau of  
Reclamation , informed Broadbent by  letter  that he 
was organiz ing the Glen Canyon Environmental 
S tudies  (Appendix B - 3 ) . An additional obj ective of  
the s tudie s  added by  Barrett  was to  analyze the 
economic value of the recreational resource of the 
Grand Canyon . 

In the spring o f  1 9 8 3 , after Barret t ' s  letter to 
the Commiss ioner , Lake Powe l l  filled and the Glen 
Canyon Dam s pi l lways discharged more than three 
t ime s the amount o f  water that was ant i c ipated as a 
maximum from power plant releases . Thes e  high 
flows were the direct re sult of  the f i l l ing o f  the 
reservo irs of the Colorado River S torage Proj ect  
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FIGURE 2 . 1  Steps in the Bureau of Reclamation 
decision process concerning the Glen Canyon 
Environmental Studies .  
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throughout the upper bas in . The high , sus tained 
discharge s were the firs t s ince closure of Glen 
Canyon Dam and the fill ing of Lake Powe l l  began in 
1 9 6 3 . Apparently , dam operators and s tudy managers 
had not foreseen such high discharges as 
pos s ib i l ities  for the early 1 9 80s . 

An internal Bureau of Rec lamation memo dated July 
1 8 , 1 9 8 3 , expressed concern about the imp l ications 
of the 1 9 8 3  high flows for the defined obj ectives 
o f  the Glen Canyon Environmental S tudies  (Appendix 
B - 4 ) . The memo conc luded that four alternatives 
were available  to the proj ect  manager :  ( 1 )  
continue to s tudy impac ts o f  power plant releases  
( le s s  than about 3 1 , 500 cfs ) , ( 2 )  conduc t s tudies  
taking into account large flows , ( 3 )  terminate the 
s tudies , ( 4 )  continue the s tudies as suming that the 
dam would be operated to minimize high flows . In 
order to as se ss  the al ternat ives , the memo 
recommended a mul tiagency inspect ion trip through 
the canyon . In September 1 9 8 3  the inspec t ion trip 
took place at a t ime when flows were at about 
30 , 000 c fs (Appendix B - 5 ) . 

The resul ts of the inspe c tion trip appear in a 
December 1 2 , 1 9 8 3 , le tter from Salt Lake C i ty 
Regional D irec tor Barre t t  to the Commis s ioner of 
the Bureau of Rec lamat ion (Appendix B - 6 ) . Barre tt 
wro te that the interagency team concluded that the 
high flows had not caused " serious damage , "  and 
that therefore high flows occas ioned by the 
operation of the new upgraded turb ines would be 
unl ike ly to have adverse impac ts on the canyon 
environment . He s e t  forth the obj ectives of the 
s tudy as inc luding the following po ints : cont inue 
to s tudy the impac ts of the present ( 19 8 3 )  
operat ing s trategy , as sume that the Glen Canyon Dam 
wi l l  be operated to minimize risk of sp il lway 
releases , as sume occas ional sp i l l s , and collect 
bas e l ine data on condit ions re sult ing from the 1 9 8 3  
flows . Barrett indicated that the s tudies  were 
continuing without interrup t ion because of a 
" commi tment to the environmental and recreat ion 
communities that a s tudy is be ing performed , "  the 
need to complete these s tudies prior to the ful l  
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utilization of the uprated generators, and 
" consistency" with the original letter from 
Broadbent , which outlined the need for the studies . 

The Acting Commissioner of the Bureau of 
Reclamation responded by letter on January 30 , 
1984 , approving the continuation of the study with 
its original obj ectives, but pointing out that 
there no longer was a " typical operations pattern" 
and that there "probably never will be again . "  The 
Acting Commissioner advised the Regional Director 
that any future studies should recognize both flood 
and drought condition operations (Appendix B-7) . 

After the late 1 9 8 3  decision to continue with the 
Glen Canyon Environmental Studies, the Bureau of 
Reclamation initiated meetings with the National 
Park Service , Arizona Game and Fish Department , and 
the U. S .  Geological Survey (Arizona District 
Office) to consider proposals generated within the 
agencies for specific proj ects addressing the 
general research questions and obj ectives . Agency 
representatives evaluated each proposal on a series 
of three criteria : ( 1) Did the proposal address 
the long-term effects of operation of Glen Canyon 
Dam? ( 2 )  Did it address the short-term effects? 
( 3 )  Did it address issues related to the uprating 
of the generators or to river impacts downstream? 
The study manager and members of the subteams or 
groups decided which proposals to include in the 
proj ect. 

By the time the proj ect was complete in 1987,  the 
s tudy manager, David Wegner, articulated the 
obj ectives of the study as being the assessment of 
the impact of the operating pattern of the dam on 
the river environment in the Grand Canyon. In 
summary, the original obj ectives of the Glen Canyon 
Environmental Studies were fairly simple : 
determine how dam operations had affected the 
canyon environment, and predict how a variety of 
relatively low flows would be likely to influence 
the system . High flows in 1 9 8 3  brought about a new 
era in the environmental history of the canyon and 
confused evidence that might be used to achieve the 
initial obj ectives. Despite the admonitions of the 
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Ac t ing Commi s s ioner , the formally s tated and ac tual 
obj ective s o f  the s tudie s  remained virtual ly 
unchanged ,  and the individual s tudies cont inued as 
planned without amended research questions or new 
s tudies . 

The defini tion o f  agency obj ectives and 
priorities provided an underlying philosophy for 
many dec i s i ons and statements during the proj ect . 
In many cases , however , the obj ectives were poorly 
de fined or did not adequately recognize the 
complexity o f  the sys tems involved . For example , 
the priorities o f  the National Park Service appear 
to prize "naturalnes s , "  but the environment of the 
Grand Canyon is highly unnatural (Appendix B - 8 ) . 
I t  is  not c lear what po int on the continuum of 
natural to artific ial is  accep table to the Park 
Service . 

Research questions and the ir articulation as 
proj ect  obj ectives de termine the course of any 
scient i fic investigation . The original research 
questions for the Glen Canyon Environmental S tudies 
were reasonable under the circumstances of  their 
formulation . Barring the unantic ipated high flows , 
they would have led to increased understanding of 
the impacts of dam operations on the canyon 
environment . Such knowledge would have enhanced 
predictab i l i ty of the effects of power plant 
operat ions . Neverthe less , obj ectives were not cast 
according to exi s t ing knowledge o f  the river 
ecosys tem . That , in part , is why the high flows o f  
1 9 8 3  changed the context o f  the s tudy . After 1 9 8 3  
the collect ion of  field data described a river 
sys tem that was adj us ting not only to impoundment 
and power plant operations but also to very high , 
long - duration flows from a sp i l l . After the high 
flows , the only val id approach to the original 
research que s tions was to use his torical data from 
the 1 9 6 2  to 1 9 8 3  period , data that showed 
environmental response to power plant flows alone . 

Observat ions made on the September 1 9 8 3  
inspect ion trip were irre levant t o  p lanning the 
research proj ect  for two reas ons . Firs t , becaus e 
the tr ip was made dur ing flows of  about 30 , 000 cfs , 
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changes to the environment could not be accurately 
observed. Despite the fact that much of  the 
near - channel environment was still underwater and 
therefore not visible , the Regional Director wrote 
to the Commissioner that there had been no " serious 
damage" (Appendix B-6) .  While upper beaches were 
available for inspection at this time , channel 
conditions, sand bars , rec irculation zones , and 
parts o f  many rap ids were not visible and could not 
be assessed for change . In any case , " damage " is  
a qualitative term whose meaning had not yet been 
estab l i shed . Second , at the proj ect  and regional 
leve l of the Bureau of Reclamat ion , there was no 
satis factory recogni tion that the collection of 
bas e l ine data for a r iver adj us ted to power plant 
operat ions alone was now ( 19 8 3) impos s ible because 
the r iver had experienced high flow from a sp il l . 
The river ' s  history had become segmented into three 
parts : ( 1) pre-19 6 2 , before the closure of the 
dam ; (2) 19 6 2 to 1 9 8 3 , postdam , reservo ir fill ing , 
no sp i l l s , r iver adj us ted to power plant 
operations ; and ( 3) post - 1 9 8 3 , pos tdam , power plant 
operations plus occas ional sp i l l s . The Ac ting 
Commis s ioner clearly recognized the new set of 
circums tances in his J anuary 30, 1 9 84 , letter . 
While individual inve s tigators had al terations of 
the ir plans forced upon them , many turned the 
unexpected into opportunity . S tudy managers and 
researchers failed to make adequate adj us tments to 
the ori ginal research que s tions and plans for 
synthesis by taking into account the newly 
es tab l i shed regime . Some of the s tudy ' s reports 
therefo re addres s  a set o f  environmental conditions 
that no longer exist, and for which emp irical data 
are not available . 

It appears that , once begun , the proj ect  took on 
a certain inertia in its course toward address ing 
specified low discharge leve l s , did no t account for 
sp ills , and appeared l imited to power plant 
operations . To have serious ly al tered the research 
questions after the 1 9 8 3  flows would probably have 
partial ly undermined support for the proj ect  within 
the Bureau o f  Reclamat ion . While broadening the 
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s tudy to inc lude predict ive efforts accounting for 
periodic sp i l l s  might have diluted the original 
intent to answer c ritical comments about power 
plant operations , i t  would have s trengthened the 
val idi ty o f  the final products . 

The originally s tated obj ectives o f  the s tudies 
as art iculated in the December 6 ,  1 9 8 2 , Broadbent 
le tter did not survive unchanged to the end of the 
s tudy . Commis s ioner Broadbent ' s  s tated obj ectives 
emphas ized inve s t igations on how dam operations 
affec ted raft ing and fisheries , and inc luded a 
search for how threshold discharge s material ly 
affect  Grand Canyon resources .  At the conclus ion 
of the s tudies in the July 1 9 8 7  draft report , 
however , the s tated que s tions had been trans formed 
into ( 1) a de termination of whether or not the dam 
" advers e ly"  affec ted river - related and recreational 
res ources , and ( 2 )  whe ther or not there is a way to 
operate the dam to " improve " those  resources . This 
shift away from obj ective ques tions about sys tem 
operation to value - laden que st ions focused on dam 
operations represents a radical adj us tment to the 
originally s tated intent and dire c t ion of the 
s tudies , and resul ted in a lack of internal 
intellectual cohes ion in the proj ect  and i ts 
reports . 

ADMINI STRATION 

The Bureau of Rec lamation adminis tered the Glen 
Canyon Environmental S tudies through the e fforts of  
a s tudy manager based in Flags taff , Ar izona . The 
s tudy manager reported to the Salt Lake C i ty 
Regional Director , who in turn was respons ib le to 
the Commiss ioner o f  the Bureau of Reclamat ion in 
Washington , D . C .  Funding for the research came 
from sales of electr ical power by the Colorado 
Rive r S torage Proj ect  of the bureau through the 
We s tern Area Power Admini s tration (WAPA) . This 
me thod of funding re flec ted the importance of the 
research to the power generation and s ales portion 
of  the bureau ' s ac t ivi t ies , because the uprated and 
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expanded use of the Glen Canyon Dam generators 
could not occur ( according to legal agreements and 
the direction o f  the Commis s ioner)  until after the 
s tudies were complete . 

The s tudy manager adminis tered the e fforts of 
about 50 researchers organized into four subteams 
or group s , with each group focus ing on a l imited 
subj ect in the total proj ect . Each group had a 
group leader , a pr imary researcher who served in a 
connec t ive role between the group members and the 
s tudy manager . Group I concentrated on biological 
concerns including riparian terrestrial and aquatic 
s tudies . Group I I  focused on recreat ion is sues  
inc luding accident surveys , user preference 
analyses , and s imulations of the effec ts of  flow 
changes on river use . Group I I I  s imulated 
hydrology and sediment transport , and investigated 
the dynamics of beache s . Group IV , the operations 
s tudi e s , provided legal and adminis trative 
background information on the operation of  the dam . 

Near the time of  final report generation , the 
s tudy manager formed an " integration team" 
cons i s ting of group leaders and some key 
researchers from each group . The purpose of the 
" integrat ion team" was to attemp t  to synthes ize the 
results o f  the s tudy and provide a hol i s t ic summary 
of each group ' s  work , and to enhance the exchange 
of information between groups . 

The proj ect s tudy manager was succe s s ful in 
coordinating the efforts of a large number of  
diverse  researchers in a complicated proj ect . He 
conducted the managerial functions of the proj ect  
in a fashion that reflects credi t on the bureau . 
His general unders tanding of the sc ientific and 
management issues permi tted the proj ect to move to 
closure remarkably c lose to its original ly 
ant ic ipated completion date . 

Several adj us tments in adminis trat ion would have 
improved the proj ect . Firs t , an integration team 
shoul d have been deve loped at the beginning of the 
proj e c t  rather than at the end . Early 
es tab l i shment of an integrat ion team cons i s t ing of 
repres entatives from all the groups would have 
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fac i l i tated the trans fer o f  data from one group to 
another dur ing the research when it would have been 
mo s t  us eful . The final report would have then been 
truly integrat ive rather than the series o f  
p iece - by - p iece summaries that emerged inevi tably 
from the attemp t to produce a synthes is after 
individual proj ects were complete . The recreation 
s tudies would have benefi ted from understanding the 
beach proces s e s . Perhaps more importantly , the 
operations section should have been based on 
findings from all the o ther reports . The 
incorporation of the contingency valuation figures 
from the recreat ion research would have enhanced 
the conc lus ions of the series of  s tudies . Without 
a prearranged framework , integration of the 
numerous reports from such a variety of  s tandpoints 
is loose at bes t . Another admini s trative 
adj us tment that would have improved the products of 
the Glen Canyon Environmental S tudies would have 
been to include a senior environmental sc ient i s t  or 
a group of science advisors at the highes t  levels  
of proj ect  management . This individual or group 
would not have been specifically attached to any 
particular agency . Working at the s tudy manager ' s  
level in the proj ect s tructure , this person ( s )  
could have visual ized the sc ientific uni ty of  the 
proj ect  to complement the s tudy manager ' s  vis ion of 
the adminis trative uni ty and could have generated 
conceptual models  to guide research . A senior 
researcher would have increased the flow o f  
information from one group t o  another and could 
have articulated the need for revised research 
que s tions from a s cientific perspec tive . 

SELECTION AND ORGANI ZATION OF 
RESEARCHERS AND REVIEWERS 

The dec is ion process  by which the BUreau of 
Reclamation ob tained proposals for research to be  
inc luded in the proj ect s trongly influenced who 
ac tual ly conducted that research (Appendix B - 9 ) . 
Because proposals for the work came from group 
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members who were employees o f  the var ious agenc ies 
involve d , agency employees or the ir contractors 
repre s ented the pool o f  expertise  for the research 
(Appendix B - 10 ) . 

The Bureau o f  Rec lamation organized the 
researchers into the four groups ( B iology ,  Sediment 
Transport , Recreation , Operations ) , with each group 
led by one individual who coordinated group work 
and ac ted as l iaison with the s tudy manager .  
Two - day mee tings were held every s ix months with 
the p r imary researchers and the s tudy manager to 
discus s the s tatus of the proj ect . Communications 
were mos tly informal . 

In s ome cases , agency employees took primary 
respons ib i l i ty for the work . In the Hydrology and 
Sediment Transport Group , for example , Bureau o f  
Reclamation spec ial i s ts i n  sediment transport and 
hydraul ic  engineer ing accomp l i shed the maj ority of 
the bas ic  s imulation work . In this e ffort  they 
made extens ive us e o f  engineering techniques 
developed earl ier for o ther appl ications by the 
bureau . The U . S .  Geological Survey completed some 
of the investigations in the hydro logy and s ediment 
transport portions of the s tudy , espec ially thos e  
relating t o  the empirical aspects o f  the 
inve s t i gation . Like the bureau , the survey us ed 
internal researchers in i ts work , inc luding s taff 
hydro logists  and graduate s tudent and intern 
appo intees . 

In the Biology Group o f  the Glen Canyon 
Environmental S tudies , the Nat ional Park Service 
and the Ariz ona Game and Fish Department us ed a 
mixture of a few agency employee s  and numerous 
contractors from the private consul ting indus try . 
Some graduate s tudents partic ipated in the research 
in c ircums tances s imi lar to those in the U . S .  
Geological Survey . 

The proce s s  by which individual researchers and 
spec ific proj ects were inc luded in the total s tudy 
reflected the lack of early planning . Ins tead of  
defining the nature o f  the des ired products and 
general approaches in formal requests  for 
proposals , the dec is ion process  accep ted proposals 
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from within agenc ies and from researchers who had 
been invo lved in setting obj ectives . The commi ttee 
fee ls that planning served s e l f  intere s t  or 
pol i t ical expediency to the detr iment o f  coherent 
integration of the proj ect . Perhaps for some 
re searchers the proj ect became a source of funding 
that was avai l able to replace dec l ining general 
support within the ir  agenc ies . The result was a 
collection of proj ects that did no t focus on or 
contr ibute to the goal o f  integrat ion and were no t 
completely mutually supportive . 

Because there was no apparent e ffort to advertise 
the proj ect throughout the sc ienti fic community or 
to s o l i c i t  for proposals directed to sharply 
de fined research que s t ions , the proj ect did not 
have a large poo l of sc i ent ific talent from which 
to draw researchers . Univers ity - based researchers 
and those  in consul ting firms that have not 
tradi tional ly had s trong ties  with the agenc ies  
involved were unaware of the proj ect and had no 
opportuni ty to partic ipate in the process  or to 
submi t  proposals to be evaluated . This proces s  
automatically e l iminated valuable expertise  from 
cons ideration for inc lus ion in the pool o f  
sc ientific talent for the s tudies . 

With in these  cons traints , the process  identified 
high - qual i ty researchers at the j unior and 
early - intermediate l evels  of the ir careers who were 
assoc iated with the agenc ies invo lved . Use of many 
j unior s taff members lacking experience in complex 
problem analysis  may have also  contr ibuted to the 
difficulties encountered in integrat ing the 
s tudies . 

The review process  for reports generated by the 
Glen Canyon Environmental S tudies cons is ted of  two 
components : internal and external reviews 
(Appendix B - 10 ) . Internal reviews were those  
conduc ted on reports by group members from the s ame 
group as the report authors . This  internal process  
meant that in the case o f  the Bio logical S tudies , 
for example , the same reviewer read and commented 
on the maj ority o f  the reports generated by the 
group . External reviews were those conduc ted by 
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individuals  outs ide the group that generated the 
report . In the case of the Biology Group , external 
reviews included a diverse set  not in the group but 
from within the Bureau of Reclamat ion , as wel l  as 
U . S .  Geological Survey personne l , a variety o f  
university pro fe s sors , and a private consultant . 
On the other hand , of  the 3 5 external reviewers for 
reports of the Hydrology and Sediment Transport 
Group , more than half were from the Bureau o f  
Rec l amation o r  the U . S .  Geological Survey . With 
two exceptions, the remainder were from the 
Nati onal Park Service . 

Much o f  the success and credib i l i ty of sc ienti fic 
re s earch lies in the review and re feree proces s .  
Revi ew requirements were incons is tent in the 
s tudies . Technical and editorial reviewers 
examined and commented on U . S .  Geological Survey 
reports , but s ome o ther reports did not rece ive 
such thorough reviews . Generally ,  with the 
excep t i on of the Biology Group reports , the 
technical review process for products of the Glen 
Canyon Environmental S tudies  did not involve enough 
experts sufficiently removed from the work . Agency 
personnel with potential intellectual or 
policy - related confl icts of interes t  were common 
partic ipants of the review process .  Selection of 
reviewers from agenc ies not involved in the work 
( such as the Corps  of Engineers ) ,  or from 
universities and consult ing firms not under 
contra c t  elsewhere in the s tudies , would have been 
appropr iate . 
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3 

BOUNDARIES OF THE GCES 

GEOGRAPHIC BOUNDARIES 

Tributar ies be tween Glen Canyon Dam and 
throughout the Grand Canyon were inc luded in the 
GCES in terms of  the ir input to the river 
mains tream , but only the lowermos t  reach of the 
l i ttle Colorado River was s tudied exp l i c itly ( see  
Figures 1 . 1  and 1. 2) .  Thes e  tributaries are 
unregulated , and thus the s tudy area was the 
Colorado River reach between Lake Powe ll  and Lake 
Mead , exc luding both reservo irs . 

In any response of a system to various inputs , 
the boundaries o f  the sys tem and the inputs need to 
be uniquely identi fied and charac terized . The 
phys iographic boundaries and the inputs and outputs 
of the Glen Canyon/Grand Canyon ecosys tem are 
schematical ly shown in Figure 3 . 1 .  The inputs  
inc lude those  from Lake Powe ll , the identifiable 
tributaries , the nonpo int inputs along the banks , 
and ground water and atmospheric inputs . The 
output is  flow to Lake Mead and pos s ible depos i tion 
within the channe l .  Within the ecosys tem , many 
different hydrological , chemical , and biological 
proce s s e s  take p lace . The obj ective of the GCES 
was to s tudy those  processes  and the ir 
relationships to the operations of  the Glen Canyon 
Dam . 

· 
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The up s tream/downs tream boundar ies of  the GCES 
were se lected with two cruc ial assump t ions : ( 1 )  
that only at Glen Canyon Dam could the flow rate be 
controlled and ( 2 )  that the e ffect  of outflow from 
the Grand Canyon on water qual ity and quanti ty in 
Lake Mead was inconsequent ial . The GCES boundary 
was chosen there fore to be the rectangular box in 
Figure 3 . 1 . These  two assumptions , al though 
de fendable on the bas i s  o f  the mandate for the GCES 
( Appendix B - 2 ) , are unnecessar i ly and unreas onably 
r e s t r i c t ive . They prec lude examinat ion of three 
s ignificant management op t ions for the Glen Canyon 
ecosys tem : ( 1 )  the contro l o f  water qual i ty in the 
Glen Canyon/Grand Canyon ecosys tem by selective 
wi thdrawal and release of water from Lake Powel l  
us ing alternat ive withdrawal leve l s , ( 2 )  the 
minimiz ing of s al ini ty in Lake Powe ll  by selec t ive 
wi thdrawal , and ( 3 )  the correct ion of  nutrient 
de fi ciency in Lake Mead . 

Therefore the committee believes that future 
ecological inve s t i gations in this  area should 
inc lude cons ideration o f  selective wi thdrawal from 
Lake Powel l  and impacts o f  Colorado River water 
qual i ty on Lake Mead . Because of  the obvious 
connection and important influence that Lake Powel l  
and the Colorado River below have o n  Lake Mead , any 
future s tudies  should cons ider all three . 

HISTORICAL BOUNDARIES 

The s tudy was mandated on December 6 ,  1 9 8 2 , and 
was completed by July 1 9 8 7 . The s tudy began at the 
end of  a long period o f  water resources and 
hydropower development on the Colorado River : 
Flaming Gorge Dam , 1 9 6 3 ; Glen Canyon Dam , 1 9 64 ; 
Blue Mesa Dam , 1 9 6 7 ; Navaj o Dam , 1 9 6 8 ; Morrow Po int 
Dam , 1 9 7 0 ; and Crys tal Dam , 1 9 7 8 . In response to 
this  deve lopment , the r iver regime has been in 
trans i t ion in terms of runoff volumes , runoff 
distribut ion , and sediment transport . To place the 
GCES in a proper time frame , one can dist inguish 
the fo llowing periods : 
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1 .  Before closure o f  the Glen Canyon Dam 
(November 19 6 3) . 

2 .  After closure of Glen Canyon Dam (completed 
in 1 9 64) and during f i l l ing of  Lake Powell (19 6 3 to 
1980) . 

3 .  Pos tfi l l ing ( s ince 19 80) . 

The r iver flow and s ediment regimes dur ing each 
of the three periods are undoubtedly different . I t  
is  unl ikely that the river has already reached an 
equil ibr ium s ince the pos t - fil l ing period began in 
1980 . Was the r iver in equil ibrium before Glen 
Canyon Dam was bui lt?  To answer thi s  question , one 
mus t look at a longer t ime frame ( Figure 3 . 2 ) . The 
river could not have been said to be in 
equi l ibrium , under a rigorous definition o f  that 
word , whil e  the watershed was be ing modified and 
put to use by settlers on the Upper Colorado River 
tributaries . However , their impact was s lower and 
pos s ibly much smaller than the impact during and 
after the cons truction of Glen Canyon Dam . The 
condi t i ons prior to Glen Canyon Dam cons truction 
may the re fore be accepted as a quas i - equil ibrium 
condit i on .  

A very different kind o f  temporal boundary was 
impose d  by the " t ime window" within which field 
research teams could be at an actual s tudy s ite . 
Thes e  periods were o ften short and control led by 
schedules of partic ipants , difficult and l imited 
acce s s ib i l i ty to the s i tes , food and water supply , 
and financ ial resources  among others . As a resul t , 
some o f  the researchers had to collect whatever 
observations were pos s ible and available at the 
time o f  their  vis i t , which often lasted for a few 
hours or a few days under flow conditions 
uncontro llable by the researchers . 

The GCES were commis s ioned to begin in 1 9 8 3 , and 
to terminate in 1 9 8 6 . Thi s  s tudy period co inc ided 
with a s trong trans i t ion in r iver regime 
immediately after the fill ing of Lake Powe l l . 
Unant i c ipated dras tic  change s in flow rates 
occurred and changed the course of some of the 
studi e s . Addi tionally , unusual pre c ip i tat ion in 

Copyright © National Academy of Sciences. All r ights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http://www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


�Ill' 
� Glen Canyon Dam 

�lllllllli1iil111ill�{i 1958 

llli!:E:tlt , ... 

1919 

1936 

1964 

1 980 

- 50 -

J PresetUementi"Natural" Period 

J 
Early SetUement Period early diversion to 
Imperial Valley, Colorado River Compact 
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FIGURE 3 . 2  His torical perspective o f  Glen Canyon 
Dam and Lake Powe l l . 
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the headwaters was b lamed for these  events , but the 
fill ing and mode of operation of the reservo ir also 
may have had much to do with thes e  events . 

EVALUATION OF GCES BOUNDARIES 

S ince the Colorado River is  millions of  years old 
and 1 , 450 miles long , the GCES represented a quick 
glimp s e  through a smal l window . The gl impse was 4 
years long , the window 2 2 3  miles wide , and the 
price $ 6  mil l ion .  However , the gl impse is the mo s t  
detaile d  view ever taken o f  the r iver ecosys tem in 
the Grand Canyon . Where the boundaries of a s tudy 
are s e t  often influences or b iase s  the outcome or 
resul t s . The space and t ime scales chosen for the 
inve s t i gation of any system , be it natural 
( phys ical or ecological ) ,  economic ,  or 
sociopol i t ical , usually have maj or consequences for 
the selection of methodologies and the resul ts . At 
a geological t ime scale (mi l l ions of years ) ,  the 
events in the Glen Canyon/Grand Canyon over the 
next 10 to 100 years may have l ittle impac t , yet 
this was prec i s e ly the main interes t  of  the GCES . 
Natural sys tems have natural time scales and space 
scales . Many of the t ime scales are related to 
climate : long - term trends between ice ages and 
tropical periods measured in thousands or mill ions 
of years , seasonal t ime scales measurable in 
months , short - term patterns measurable in hours and 
days related to the movement o f  atmospheric  weather 
sys tems , and final ly diurnal t ime scales measurable 
in hours related to the rotation o f  the earth . 
Artific i a l  t ime scales are introduced into 
downs tre am r iver flows by the operat ion of  
reservo i r s  and dams . Flows released from Glen 
Canyon Dam can vary within minutes and hours by 
magnitude s rarely pos s ible in a natural setting . 

The large s t  space scales o f  a natural sys tem are 
de termined by the s ize of the ent ire sys tem . 
Subsys tems have decreas ingly small scales , down to 
the subatomic level at the mos t  extreme . The 
scales o f  a s tudy mus t be appropriate to the scales 
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o f  que s t ions and obj ectives that the study i s  to 
answer . Linking the results of a s tudy at 
di fferent scales i s  one of the mos t  demanding 
contemporary challenge s . The select ion of the 
appropr iate time and space scales is therefore 
directly related to the select ion of the boundar ies 
of  an eco sys tem s tudy and to the purpose o f  the 
s tudy . Boundar ies  have to be narrow for certain 
sub s e ts of que s t ions , e . g . , s tudie s  of individual 
rap i ds or tributary subreaches , or wide , e . g . , for 
recreat ional use s tudies .  

Flow releases imposed by current power 
produc t ion , by recreat ional users in the canyon , 
and by dam s afe ty affected the conduc t of  the GCES 
s trongly . Ope rat ion of  the dam was no t modified to 
sat i s fy s tudy needs . 

S imilarly , the uncontrol lable inputs to the river 
from the tributaries , by overland flow and from the 
atmosphere , resulted in s ignificant cons traints to 
the GCES . A schematic o f  the sys tem boundaries and 
the inputs and outputs through those  boundaries i s  
shown i n  Figure 3 . 1 .  

INSTITUTIONAL BOUNDARIES 

Glen Canyon Dam was buil t  to serve two primary 
purposes : (1) to provide carryover s torage and (2) 
to generate power to repay a portion of  its cos t . 
Both purposes are mandated by law .  The upper bas in 
s tates have a legal duty to del iver 75 mill ion acre 
feet  of water every 10 years to the lower bas in 
s tates under the terms of the 1922 Colorado River 
Compac t .  Power generation i s  authorized by the 
1 9 5 6  Colorado River Proj ect S torage Act to repay a 
large port ion of the costs  o f  the dam and to 
finance other water proj ects in the upper bas in . 
Nonirrigation and munic ipal and indus trial uses 
such as flood contro l and recreat ion have been 
viewed as inc idental to the two primary purposes . 
They are , however , s ignificant as they are 
nonre imburseable , and thus they help to lower the 
percentage of the proj ect that mus t be repaid . 
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Concern over the downs tream effects in the Grand 
Canyon of the operation of the dam eventually 
triggered the GCES and raised questions about 
changing the operat ion of the dam . Different 
monthly and dai ly releases , releases  from different 
reservo ir s trata , and a mode s t  reduction in the 
amount of water s tored in Lake Powel l  may be 
de s irable  to protect and promote endangered 
spec i e s , es tab l i sh beach s tab i lity ( rej uvenation) , 
and enhance recreational white water rafting 
through the canyon . 

The mos t  curious deficiency in the GCES report i s  
the abs ence o f  any logical connection between the 
main body of  the report and the ins t i tutional 
analy s i s . A number of s i gnificant downs tream 
effe c ts from the cons truction and operation o f  the 
dam are ident i fied by the sc ientific s tudies ,  but 
the ins t i tutional analys i s  is primari ly des igned to 
show why the bureau ' s operating pol icies  cannot be 
modified . The operation of Glen Canyon Dam is  
subj e c t  to legal cons traints , but the discus s ion 
fail s  to di s tinguish between external and 
self- imposed cons traints . 

Management o f  the Colorado River is  des i gned to 
minimize  effects of  a long - term drought . The 
bureau ' s  operat ing rules  for the fill ing o f  the 
reservo ir and schedule o f  re leases thus seek to 
guarantee that the agency can respond to compact 
del ivery requirements during a drought . In 
prac t i ce , however , the bureau has been able to 
contro l releases  in order to generate the maximum 
amount o f  power , because power generation s torage 
and re l eases do not confl ict with carryover s torage 
and de l ivery obl i gations . In short , the agency ' s  
hourly , dai ly , and weekly release patterns are not 
mandated by the legal obl igat ions discus sed in the 
bulk o f  the ins t i tutional analys is  sections but are 
discre t ionary dec i s ions seemingly taken to generate 
the maximum pos s ible  amount of power . This  is 
s igni ficant becaus e the GCES report seems to have 
placed overly cons tricted l imitat ions on the 
discus s ion o f  alternative operations s trategies .  
The GCES proj ect has , however , produced a maj or 
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benefit  for future s tudie s  o f  the management o f  the 
Colorado River by describ ing in some detail the 
operating rules in both a long - term ( annual and 
monthly ) and a short - term ( daily and hourly ) t ime 
frame . 

The GCES July 1 9 8 7  report properly recognizes  
that the Bureau o f  Reclamat ion is  no t totally free 
to change the operat ion of the dam in respons e to 
new demands on the use of the Colorado . The bureau 
is  subj ect  to the web of  cons traints that make up 
the " Law o f  the River . "  The bureau , however , 
overs tates the extent to which the Law of  the River 
prevents it  from modifying the operation of  the 
reservo ir to respond to GCES recommendat ions . The 
confl ict  between the Law of the River and the 
pos s ible  operations changes may be less  than the 
operat ional section of the GCES report indicate s . 
To understand the force of the complaints , i t  i s  
necessary t o  dist inguish ( as the GCES report does  
no t do ) among three di fferent leve l s  o f  
cons traint . Th e  dis t inc tions are i n  the b inding 
force o f  the cons traint , and not all cons traints 
are equally b inding and di fficult to modify . The 
bureau i s  subj ect to : 

1 .  Cons traints imposed by law ,  which include 
inters tate compac ts , ac ts o f  Congre s s , treat ies , 
and o ther international agreements and Supreme 
Court decrees and dec i s ions 

2 .  Cons traints imposed through firm power 
contracts 

3 .  Cons traints imposed by case law that make the 
bureau respons ible for flood damages incurred 
with in the flood zone . 

The bureau i s , of  course , not free to ignore the 
de l ivery obl igat ions imposed in the 1 9 2 2  Compac t ,  
but thi s  may be largely irrelevant to the is sue s 
raised by the GCES . The operat ions section o f  the 
report seems to as sume that any proj ect 
modi ficat ion to addre s s  the downs tream impacts  o r  
manage downs tream resourc es b y  GCES or follow up 
s tudies  wi l l  be permanent . This  need no t be s o . 
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I t  seems qui te feas ible to develop a set  o f  canyon 
management s trategies that wil l  operate mos t  of the 
t ime but be subj ect to modification during periods 
of extreme drought , or high water , when flow 
modulation s trategies are ine ffective . To ignore 
operation s trategies because they wil l  not work in 
a wors t - case s ituat ion b l inds the bureau to 
operational modi fications that have a l ikel ihood o f  
responding t o  the problems identi fied i n  the July 
1 9 8 7  report and wil l  not confl ict with the Law o f  
the River . 

The bureau has more discret ion to modify pol i c ies 
than it  has adopted s ince the dam was fil led . I t  
i s  important t o  reemphas ize that the de l ivery 
obl i gations imposed by the Law of the River have 
not in fact cons trained the bureau in its operation 
of  the dam . I t  has been free to operate the dam as 
a " cash register " but it  is no t bound to do so 
( i . e . , to generate money) . 

The bureau i s  subj ect to the power del ivery 
obl igations in the contracts between WAPA and its 
cus tomers , but power contracts are subj ect to 
modification . WAPA markets  power on both a long 
and short - term bas is . Short - term sales can be 
adj us ted to competing demands for the us e of  the 
water . There i s  no legal obl i gation to maximize 
short - term power revenue . Long - term contracts 
pres'ent a greater cons traint , but they are subj ect 
to per iodic renego t iation , and condit ions that 
reflect pos s ible  operational changes should have 
been incorporated into the new contracts that were 
being negotiated during 1 9 8 7. 

The ins t i tutional boundar ies  o f  the s tudy were 
set up by the agenc ies j o intly conducting the 
study : the Bureau of  Reclamation had the lead and 
was j o ined by the National Park Service , U . S .  
Geological Survey , and U . S .  Fish and Wildl i fe at 
the federal leve l and Arizona Department of Game 
and Fish on the s tate leve l . These agenc ies made 
all key dec is ions on the way in which the s tudies  
were conduc ted . Legal cons traints were not as 
signi ficant for the conduc t o f  the s tudy as they 
are for water us e . Compl iance with the 
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requirements o f  the National Environmental Pol icy 
Ac t (NEPA) obviously influenced the des ign and 
scope o f  the s tudy , but the s ignificance of  NEPA 
cannot be ful ly de termined unt il the s tudy is  
completed and adverse impacts and operational 
s trategies are identified . At this  po int , NEPA , 
the Law o f  the River , and o ther legal cons traints 
mus t be fully as sessed . 

Po l i t ical ent i t ie s  were the Upper Colorado River 
Bas in Commis s ion and Lower Colorado River Bas in 
Commis s ion ,  s tate of Ar izona , Cal i fornia , Colorado , 
New Mexico , and Utah . Nat ional and international 
intere s ts in the Grand Canyon and Colorado River 
recreational and water resources were represented 
solely through the federal agencies . The Ariz ona 
Department of Game and Fish represented s tate and 
local intere s t s . The Indian population o f  the 
s tudy area was not represented in a formal way . 
The conduc t o f  the field s tudies  was cons trained by 
rule s  and regulations that are enforced by several 
of the agenc ies e . g . , the prohib i t ion of 
hel icopters for access  to the r iver by the NPS , or 
the restrict ions on the use of motorboats at 
certain t ime s o f  the year . Flow rates could not be 
altered for the purpose of the s tudy supposedly 
because of WAPA requirements . 
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4 

PRODUctS OF THE GCES 

BIOLOGY 

Aquatic Biology 

S tudies  o f  aquatic resources in the Colorado 
River be tween Glen Canyon Dam and Lake Mead were 
conducted princ ipally between 1984 and 1986. The 
resul ts o f  the s e  s tudie s  are summarized and 
interpreted in the report by Maddux et  al . (19 8 7 ) 
and Appendix I I  o f  the GCES final report , al though 
supporting information is  al so  found in other 
reports (Anderson et al . 1986, Bl inn et al . 1 9 8 6, 
Haury 1986, Lieb fried and Bl inn 1986 ) . The aquatic 
s tudies focus on two specific resources that have 
been identified by management agencies , regulatory 
author ities , and the pub l ic as having predominant 
importance in the Colorado River : ( 1) the exotic 
trout fishery (a direct benefit o f  cons truction of  
Glen  Canyon Dam) , which is  base d  on  a comb ination 
of  naturally reproduc ing and s tocked rainbow trout , 
supplemented with small amounts o f  other trout 
spec ies  and ( 2 )  nongame native fishe s , inc luding 
the humpback chub , an endangered spec ies . The GCES 
s tudies  p rovide subs tant ial new informat ion on 
the s e  resources . 

Change s in the aquat ic resources of  the Colorado 
Rive r fo l lowing cons truc t ion of the Glen Canyon Dam 
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are primari ly explained by four phys ical factors : 
( 1 )  increase in water transparency below Glen 
Canyon Dam resulting from sediment removal by Lake 
Powe l l , ( 2 )  reduc tion in the seasonal ampli tude of 
r ive r discharge , ( 3 )  increase in the daily 
amp l i tude of  discharge , and ( 4) reduc tion in mean 
water temperature and seasonal amp l i tude of  water 
temperature ( Dolan e t  al . 1974 , S tanford and Ward 
1 9 8 6 ) . The GCES s tudies , which bui ld upon numerous 
previous s tudies , contribute to our understanding 
of the pre sent aquatic resources  and to the ways in 
which those  resource s  are regulated by the four 
maj or physical changes in the r iver after 
cons truc t ion of the dam . Although this  information 
is  use ful , the mechani sms that l ink phys ical 
change s in the river to the changes in aquatic 
res ources are st ill  only partly unders tood . 

The conc lus ions of  the GCES s tudies concerning 
aquatic resources seem well founded but are of  
l imited scope . The  summary report concludes that 
aquatic resource s o f  the Colorado River have been 
s i gnificantly altered by the presence of Glen 
Canyon Dam . While thi s  may always have been 
obvious to managers of  aquatic resource s , it may 
have been less  so to operators of the dam . The 
GCES s tudies are thus use ful in clarifying and 
documenting the great e xtent to which aquatic l i fe 
has been affected by the dam . In addi tion , the 
s tudies leave l i ttle doubt that spec i fic management 
options for the dam carry with them specific and 
o ften s ignificant e ffects on aquatic resources 
below the dam . 

The GCES s tudies also contain some more specific  
conclus ions that are well  supported by the 
s tudie s . The GCES s tudies leave no doubt that the 
overall effect of short - term fluctuat ions in flow 
is de trimental to aquatic resources , and that 
s teady flow in the intermediate range of  discharge s 
i s  more l ikely to be bene fic ial to trout than the 
lowe s t  or highes t  di scharge s . 

Even though the conclus ions of  the GCES s tudie s  
concerning aquatic resource s  seem well  founded ,  and 
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should serve as a bas is  for serious cons iderat ion 
of changes in operations , the conclus ions are in 
thes e  respects incomplete . Firs t , the mechani sms 
contro l l ing aquatic resources are not ye t wel l  
unders tood . Examples of control mechani sms that 
require further s tudy wil l  be discuss ed below , 
along with the analys is  of  individual s tudy 
components ; a number of  these are also identified 
in the report by Maddux e t  al . ( 19 8 7) . Second , the 
forecas t ing of resources under varying operation 
regime s has not ye t been placed in an integrated 
framework s tress ing overall opt imization of aquatic 
resources g iven a full range of  operation 
capab i l ities . The deficiency is  in part 
unavo i dable because of the l imited knowledge of 
mechani sms control l ing the resources ,  but in part 
also reflects des ign of the s tudy around a 
preformulated set  o f  operat ion alternatives rather 
than an opt imization approach . A third deficiency , 
which also is  inherent to the overall des ign of the 
studi e s , i s  failure to cons ider a full  range of 
management options . While management options under 
cons ideration during the s tudies involved only 
alterations in the degree of short - term 
fluctuations in flow , the full  range o f  management 
options would be much broader . Speci fically , the 
pos s ib i l ities  for temperature manipulation by 
ins tal lation of a mul t iple withdrawal s truc ture or 
for minimiz ing flood flows by operating Lake Powell  
at  lower mean lake levels have not been 
cons idered . While i t  can be argued that the s e  
pos s ib i l i ties  are no t within the scope of  
tradi t ional operations , ful l  asses sment of  aquatic 
resources  i s  unreal i s t ically narrow wi thout 
cons ide ration of these  opt ions . 

Desp i te some s evere shortcomings in scope and 
integrat ion o f  the aquatic s tudie s ,  individual 
components of the s tudies of aquatic resources  were 
in general well  de s igned and we ll executed ,  and 
therefore can be used now and in the future in the 
interpretation o f  fac tors affect ing aquatic 
resources . Program components that seem 
particularly outs tanding deal wi th the abundance 
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and di s tribut ion of  fi she s , phys ical hab i tat 
charac ter i s tics , growth and condi t ion factors in 
fishes , and fi sh feeding hab i ts . As acknowledged 
by Maddux et al . ( 1 9 8 7 ) , some of the s tudie s  were 
handicapped by change s in the flow regime of the 
Colorado River that resulted in unusually s teady 
high flows between 1 9 8 2  and 1 9 84 . The pers is tence 
of these condi tions through mos t  of the s tudy 
interval reduced the pos s ib i l i ties  for field 
observations on the e ffec ts of fluc tuating flows . 
Even s o , the data provided numerous us e ful ins ights 
concerning regulation of the aquatic resources . 

In analyz ing the aquatic s tudies  in more de tail , 
it  i s  convenient first to cons ider separately four 
of the s tudy components : ( 1 )  habitat 
characteristics , ( 2 )  growth and yield of fish , ( 3 )  
s tocking for maintenance o f  game fish , and (4) 
aquatic food chains . Thi s  is followed by a 
cons iderat ion of pos s ibil ities  for broadening the 
data interpretat ion and future s tudy on the bas is  
o f  a more comprehens ive set  o f  management opt ions . 

Hab i tat Characte r i s tics  

The s tudies  of  aquatic hab i tat characteristics  by 
Anderson et al . ( 19 8 6 )  and the as soc iated 
informat ion on distribution o f  fishes provide a 
good foundation for ident i fying spe c i fic hab i tat 
features that are critical to individual fish 
taxa . In the report by Maddux et  al . ( 19 8 7 ) , thi s  
information i s  used e ffec tively in demons trating 
several important princ iples that apply to the 
fishes of the Colorado River . The Colorado River 
o ffers only small amounts of backwaters , s ide 
channe l s , or eddies where current veloc ities  are 
low . The total area o f  veloc i ty refugia may have 
been reduced by phys ical changes in the r iver 
fo llowing impoundment ( Dolan et  al . 1 9 7 7 ) . Becaus e 
of  the inab i l i ty o f  mo s t  fishe s to l ive 
cont inuously with high current ve loc i t ies , these  
areas o f  low current ve loc i ty are expected to be of  
c r i t ical importance to aquatic l i fe in  the river . 
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The endemic fishes of the Colorado River i n  the 
vic in i ty of the Grand Canyon were probably 
dependent on backwaters for food and maturation 
(Minckley 1 9 7 3 , Valdez and Wick 1 9 8 3 ) . The GCES 
s tud i e s  demons trate that thi s  importance of 
low - ve locity areas below Glen Canyon Dam is  greatly 
enhanced by the continuous ly low water temperature 
maintained by hypol imnion release from Lake 
Powe l l . Low-velocity areas and tributaries are the 
only portions o f  the aquatic system that rise into 
the range of summer temperatures to which warmwater 
fi shes and o ther native aquatic organisms are 
adopted . Thus the low-velocity areas and 
tr ibutaries are not only veloc i ty refugia , but also 
the rmal refugia . 

Al though the new information improves our 
unders tanding of the phys ical l imitations on 
individual species  in the Colorado River , the data 
base and data analys i s  need to be extended to a 
sufficient degree to support predictive model ing of  
c r i ti cal hab i tat space for fish spec ies in  both the 
adul t and larval s tage s . This seems feas ible given 
the demons trated s trong assoc iation be tween 
important fish species  and spec ific hab i tat 
characteri s tics . This  extens ion of  the work on 
phys ical hab i tat would include both further data 
collection and development of models .  The present 
data base is deficient in several ways for the 
support of mode l ing , even though it is an adequate 
bas i s  for the general conclus ions that were drawn 
from the s tudies . 

One l imi tation has to do with the res triction of  
emp i r ical data o n  phys ical hab i tats t o  two flow 
condit ions ( 4 , 800 c fs and 2 8 , 000 c fs ) . Management 
op t i ons call ing for s tab i l ized flow , as might be 
de s i rable  for enhancement of certain use s , will 
almo s t  certainly involve discharges intermediate 
between thes e  extreme s . Consequently , the 
empir ical quant ification of hab i tat types should be 
extended to intermediate discharge condi tions . 

A second deficiency is  the absence of 
quanti tative e s t imates of areal coverage for 
spec ific  hab i tat types such as backwaters and 
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eddie s . I t  is  not c lear from the data in the 
reports whether the underlying information would 
support e s t imates of this type , but it  appears that 
mo s t  hab i tat features were counted rather than 
measured . The use of aerial pho tography and/or 
sate l l ite imagery is  appl icable for purposes of 
quant i fying the hab i tat area . Support capac ity of  
the r iver can be j udged best  on  the bas is  of  areal 
coverage for critical hab i tat feature s .  This wil l  
involve the e s t imat ion not only of  the number ,  but 
also of the s izes of individual backwaters , eddies , 
and other cri tical hab i tat features .  The areal 
coverage can then be quant i fied as a funct ion of 
r iver discharge . The underlying pr inc iples of this  
approach are inherent in s tandardized Habitat 
Evaluation Procedure (HEP ) , Hab i tat Suitab i l i ty 
Index (HS I ) ,  and Phys ical Habitat S imulation 
( PHABS IM)  approaches that are used by the U . S .  Fish 
and Wildl i fe Service and other agencies . For the 
spec i fic case of the Glen Canyon , it may be 
pos s ible  to avo id some of the complexi ties and 
extrapolations inherent in these  s tandardized 
procedures by cons truct ing a s impler set of 
empi r ical relationships between the hab i tat areas 
and the discharges based on direct obs ervations 
under varying flow condi tions . This is  
particularly feas ible in  the case  of  the Glen 
Canyon because discharge can be regulated over 
short intervals of  t ime for s tudy purposes while  
measurements are made . Survival of  larval fish , 
particularly of the humpback chub , i s  of special 
intere s t  in relation to hab i tat requirements . The 
pres ent data sugge st  a close  relationship between 
low current veloc ity and presence of  larval 
fi shes . It is pos s ible that model ing of habitat 
space for larval fishes could be based s imply on 
the use of current veloc ity as an indicator of  
sui table hab i tat space , rather than identification 
o f  backwaters by more subj ective and complex 
criteria . Other such s imp l i ficat ions may be 
pos s ible  on the bas is  of  field experience that is 
now at hand . 
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An additional piece of  information that needs to 
be obtained and developed through mode l ing is the 
distribution o f  temperatures in aquatic hab i tats 
off the main channel .  I t  has been well  
demons trated in the recent surveys that s ide 
channel s  and backwaters develop higher water 
temperatures than the main channel .  Some 
quant i tative or s emiquanti tative procedures for 
estimating the temperature characteristics  of 
backwaters and s ide channels in re lation to the 
temperatures and flows in the main channel need to 
be developed , particularly s ince the water 
temperature appears to be critical to the success 
of some fish species , including the humpback chub . 
It would be bes t  i f  such a model were general 
enough that it could be appl ied to hypothe tical 
change s  in the temperature of  water in the main 
channel ,  as would be brought about by the 
introduction o f  a multiple outlet s tructure , even 
though such a s tructure does  not now exis t . 

The assoc iations between phys ical hab i tat 
feature s  and spec ies requirements are surpris ingly 
weak for rainbow trout . The trout acces s ible to 
fishermen j us t  below the dam appear to occupy the 
entire breadth of the river , and thus are not 
specifi cally as sociated with large , discrete 
habitat features such as eddies or backwaters . 
However ,  more subtle hab i tat features such as 
presence of pocket water behind obs tructions to the 
current may be critical . I f  trout support capac ity 
is to be unders tood and proj ected across  var ious 
operating regimes , the as sociation of trout with 
habitat features in the river needs to be s tudied 
more tho roughly . 

Growth and Yield 

The data collected on rainbow trout seem to 
provide a sound bas is  for e st imating present and 
pas t growth rates of  this key fish species  in the 
Colorado River . Two important matters are 
unresolved , however . The first of the se is related 
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to the pos s ible di fference in growth rates for 
s tocked and nat ive fish , and the second has to do 
with the po tent ial opt imum yield of rainbow trout . 

As indicated in the report by Maddux et  al . 
( 1 9 8 7 ) , the growth rate s o f  rainbow trout in the 
port ions of the Colorado River j us t  be low the Glen 
Canyon Dam are higher than the growth rate s of  
rainbow trout be low Little Colorado River . 
However , interpretation o f  th is trend i s  
comp li cated by the fac t that s tocked trout tend t o  
predominate j us t  be low the dam , whereas trout 
originat ing from reproduc tion in the river 
predominate downs tream . Di fferences in growth 
rates could conce ivably be based on gene tic 
di fferences  in the two groups of fish , even though 
b o th groups ul t imately der ive from s tocking . 
Alternat ive ly , the s lower growth rate s o f  fi shes 
downs tream might be explained by le s s  abundant food 
resource s  below the Li ttle Colorado River . On the 
bas i s  of  pres ent evidence , the latter pos s ib i l i ty 
seems mo s t  l ikely , but the is sue is  suffic iently 
important that it needs to be resolved 
experimental ly . One pos s ible approach is to 
measure the growth rate s of the two fish s tocks 
under controlled conditions , or to make a rigorous 
compar i s on of  comparable s izes of fish at spec ific  
locations , and thus t o  build a s tronger case for 
the importance of food resource s  in regulating 
trout growth . 

A second open i s sue of  great importance is  the 
po tent ial yield of the trout fishery . The 
po tent ial yield is in part under contro l of the 
fisheries  managers through fishing regulations and 
s tocking rates . However , the growth rate s of the 
trout also affects the yield . While the growth 
rates o f  trout have been measured , and have been 
compared in an informal way to growth rates at 
other locations , no quant i tative analys is  has been 
made o f  the deviat ion of the growth rates from the 
expected growth rates under opt imum conditions for 
rainbow trout . Es t imations of thi s  type are use ful 
in demons trat ing unrealized potent ial for fish 
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produc ti on . I f  thi s  unreal ized potential is  great , 
then management approaches can be used in any 
attempt to real ize additional potent ial . 

Calculations of the potential yield are 
particularly relevant to the Colorado River near 
Glen Canyon Dam because of the low water 
temperatures .  Whereas water temperatures are 
typ i cally in the vicinity of 8°C to 12°C ,  trout 
growth is l ikely to be highe s t  between 15°C to 
20° C ( Scott and Cros sman , 1 9 7 3 ) . Consequently , 
s ome impairment of  growth could be occurr ing . An 
e s timate o f  thi s  impairment should be made so that 
po tential benefits of temperature contro l at the 
dam can be evaluated . The potential value of  
temperature regulation is  we ll  illus trated by 
improvement of the trout fishery below Flaming 
Gorge Dam by ins tallation of a mul t iple outlet 
s truc ture capable of  rais ing the summer water 
temperature from 4°C to 1 3°C ( Larson et al . 
1 9 8 0 ) . 

S tocking 

The GCES fisheries s tudies  make a convinc ing case 
for the predominance of  s tocked fish in the heavily 
fished areas near Glen Canyon Dam . Furthermore , 
the dependence of fishing quality on stocking is  
evi dent from the depres s ion of  yield that occurred 
following an interrup tion in the s tocking program . 
I t  appears from the data at hand that approximate ly 
75 percent of the fish yield is based on s tocking . 

At present , there is  no bas is  for balanc ing the 
ove ral l costs  and benefits for s tocking as oppo sed 
to natural reproduction of rainbow trout . Natural 
reproduc tion save s the cost of  s tocking , but it  may 
impose re s trictions on water temperature for 
spawning and protection of redds that are contrary 
to the enhancement of  other components of the 
fisheries  resource , including maximum real ized 
growth for adults or enhancement of hab i tat for 
warmwater fishes . Consequently , it  is  important in 
the future that the fisheries  managers quantify the 

Copyright © National Academy of Sciences. All rights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http://www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


- 6 6 -

costs  o f  s tocking in relat ion to fish yield . The 
costs  o f  s tocking may have to be adj us ted for 
di fferent ial growth rates of  s tocked and uns tocked 
trout in the short - term and the gene tic divers i ty 
of  the trout population in the long - term . 

Another aspect o f  the compar ison between s tocked 
and uns tocked fish is the relative appeal of these  
two types  o f  fish to the fisherman . S tocked fish 
are s ome times cons idered an inferior base for a 
sport fishery . Thi s  obj ection is  typ ically mo s t  
val id when fish are caught shortly after s tocking . 
Managers  o f  the Colorado River fishery need to take 
a pos ition on thi s , so that future valuation of the 
fi shery can take into account the relative values 
o f  fishes from the two sources .  I f  fishes from the 
two s ource s  are func tional ly identical , then the 
valuat ion o f  the fisheries  resource can be based on 
the cost  of s tocking we ighted agains t the cos t of  
maintaining condi tions for natural reproduction .  
I f  the rainbow trout that originate in the r iver 
are o f  special value , then the valuat ion procedures 
become more complex , but are s till  pos s ible and 
advi s able . 

Aquatic Food Chains 

The quantitative analys i s  of food chains 
support ing fish populations is difficul t even under 
the be s t  c ircums tance s .  A good beginning has been 
made toward the unders tanding of food chains 
leading to the produc tion of trout and nat ive 
spec ies  in the Colorado Rive r . However , there are 
s t i l l  a number of serious de fic ienc ies  in the 
under s tanding of  the s e  food chains . Some o f  the s e  
de fic ienc ie s  are acknowledged i n  the final GCES 
reports , while  others may no t be c lear from the 
reports . 

The nutr it ion of l arval fishe s often i s  a 
populat ion bottleneck for f i sh populations . Even 
in cases  where adul t fish are very we ll nour i shed , 
recruitment from the larval s tages can be ser ious ly 
affec ted by de ficiency in quant ity or qual ity of  
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food . Thi s  phenomenon is  difficult to s tudy 
because o f  the short interval over which larval 
fish are present in mos t  aquatic sys tems . 

The feeding hab i ts of larval fishes and the food 
dens i t i e s  required to support larval fishes in the 
Colorado River below Glen Canyon Dam have not ye t 
been satisfactorily quanti fied . Additional s tudies 
are needed o f  larval fishes j us t  pas t the yolk 
absorption s tate . At thi s  s tage of l i fe , many 
spec ies  o f  fish are dependent on zooplankton . The 
dependence o f  larval fish on zooplankton is  an 
important i s sue in the Colorado River below the 
Glen Canyon Dam because the amounts and kinds of 
zooplankton are related to the depth of water 
withdrawal from Lake Powe l l . Management options 
involving mul tiple outlet withdrawal would inc lude 
the pos s ib i l i ty of manipulating plankton 
concentrations in water drawn from the reservo ir . 
Defic ienci es  in the supply of zooplankton food to 
early l ife s tages should be ident ified so that 
efforts to maximize production wil l  no t be rendered 
ineffe c t ive by poor recrui tment through the larval 
stage s . This  is particularly important for the 
humpback chub , but also for the rainbow trout and 
other spe c ie s . 

The f inal GCES . reports identi fy the importance of 
midge larvae or Gammarus , which appears to be a 
maj or food resource for trout . However , produc tion 
rates for Gammarus are yet to be measured in the 
field ; factors controll ing the produc t ion of 
Gammarus should be s tudied . Maximiz ing the food 
yield from a spe c i fic source such as Gammarus 
requires a detailed unders tanding of the l i fe 
history and the maximum production capab i l ities  for 
the food spec ies that extend we l l  beyond what i s  
now known for the Gammarus populations below Glen 
Canyon Dam . 

The final reports sugge s t  that increased 
ingestion of Gammarus during per iods o f  fluc tuat ing 
flows indicates a des irable effec t  of discharge 
fluctuations on the availab i l i ty of a crit ical food 
resource for the rainbow trout . Thi s  appears to be 
correc t ,  although the pre sent evidence i s  l imited . 
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However , the sub s t i tut ion of  s teady flows for 
fluc tuat ing flows will  no t nec e s s arily reduce the 
sus tained yield of the Gamroarus population to the 
fish . Temporary increase in vulnerab i l ity of 
Gammarus to fish predations may be offset  by 
decreased vulnerab i l i ty due to lower population 
s iz e s  when s table flows are res tored . 
Consequently , the di fference in yield of Gammarus 
to the fi sh be tween s table flow and fluctuat ing 
flow condi tions may no t be so great as sugges ted  by 
the data . 

Perhap s the mos t  ser ious de fic i ency in the 
s tudies of  fish food resources is  the abs ence of  
any meaningful information o n  the growth and 
d i s tr ibution of Cladophora ( algae ) , except for 
s tudies  of l imi ted scope deal ing with des iccation 
and temperature . Because Gammarus , a critical food 
resource , appears to be explici tly dependent on 
C ladophora and its ep iphytes ,  the s tudy of  
C ladophora is as important as the s tudy of Gammarus 
itself . 

Some s imp le approaches to the s tudy of  C ladophora 
might provide cons iderab ly more informat ion on this 
important resource base than is  now available . The 
di s tr ibut ion of Cladophora should be analyzed for 
pattern with respect to depth , current veloc ity , 
and subs trate charac ter is tics . Such patterns might 
provide a bas is  for predict ing the support capac i ty 
of the r iver for Cladophora under varying 
condit ions . In addition , l i ght requirements of 
C ladophora need to be de termined . Operations o f  
the dam involving s teady flow may affect Cladophora 
e i ther benefic ially or detrimentally , depending on 
the comb inat ion of water depth , transparency , and 
light requirements of Cladophora . Suitable hab i tat 
for Cladophora can be mode led in relation to 
varying flow regime s i f  the l ight requi rements are 
known and if subs trate or current requirements can 
be ident i fied . 

In general , the s tudie s  o f  fish feeding hab i t s  
demons trate insufficient extens ion into underlying 
food chains . Food chains ultimately re ly on 
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spec ific  sources of organic carbon , which in this  
case appear to  include Cladophora and i ts 
as soc iated periphytic diatoms . 

Limited s tudies  of  Cladophora described in the 
report by Bl inn e t  al . (19 8 6 ) ,  although 
intere s t ing , may not be broadly appl icable to 
management is sues in the Colorado River below Glen 
C anyon Dam . While the ratio of s talked to 
uns talked diatoms taxa appears to change in 
relation to temperature under controlled 
c onditions , there is  at best weak evidence that the 
abs o lute abundance of s talked forms changes with 
temperature . Furthermore , the diatom growth rate s , 
whi ch indicate ab i l i ty to support graz ing , might 
increase at higher temperatures ,  thus affecting 
changes in the proport ion of s talked forms . 
Finally , replacement of the diatom flora by an 
ent irely new flora based on phys iological s trains 
more adapted to high temperatures ,  or by entirely 
different taxa more tolerant of  high temperatures ,  
could eas ily inval idate conclus ions based on 
short - term experiments . Clearly , the question of 
temperature effects on resource qual i ty for 
Gftmroarus i s  compl icated . In fac t , i t  may be so 
comp l i cated that it is not pos s ible to approach 
such a que s tion over a short period of time on the 
bas i s  o f  laboratory experiments . More informative 
might be an examinat ion of  G'mmarus and ep iphytic 
diatom populations in wes tern tailwaters of 
di ffer ing temperatures .  Comparison of the diatom 
flora and the Gammarus abundances in these systems 
migh t  be informat ive . 

Scope of Management Options 

Imp l i c i t  in the s tudies of aquatic resource s  is a 
ser i e s  o f  management options around which the data 
col lec t i on programs have been oriented . With 
resp e c t  to var iables  that are under the control of  
management , the pr imary emphas is  has been on  the 
effec t o f  short - term fluctuations in discharge on 
aquat i c  resources . Only a minor amount of  
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attention has been given to changes in mean 
temperature . Manipulation of temperature , which 
could be made pos s ible through the ins tal lation of  
a mul tileve l outlet s tructure , would allow for 
greater management control over the aquatic 
resources  than is  now pos s ible through the 
regulation of discharge alone . The potential 
e ffects of temperature changes , and of many of the 
assoc iated management pos s ib i l i ties , thus need to 
be exp lored more fully . 

The l imits with which water temperature below 
Glen Canyon Dam could be adj us ted at any given time 
of the year would depend on the heat dis tribution 
in Lake Powe l l . Mode l s  that could identify in the 
range of pos s ib i l ities  need to be constructed , s o  
that the latitude for adj us tment of temperature can 
be cons idered in relat ion to management options for 
aquatic re source s .  

Temperature manipulation ( and attendant food 
manipulation) is of particular intere s t  in the 
Colorado River because of the documented inab i l i ty 
of  the humpback chub , an endangered specie s , to 
comp lete its l i fe his tory at temperatures that are 
charac te ris tic  of the main s tem of the Colorado 
River be low Glen Canyon Dam (Hammon 1 9 82 ) . Thus 
temperature appears to l imit the population of 
humpback chub in the river , and to induce a heavy 
dependence on a s ingle  tributary ( the Li ttle 
Colorado River ) . In addit ion , there i s  notable 
suppre s s ion of o ther warmwater taxa in the r iver as 
result of the continuous ly cold temperatures .  
Prior to cons truct ion of the dam , water 
temperatures cons i s tently reached 2 5°C to 2 9°C 
in July and Augus t ( Pauls on and Baker 1 9 8 1 ) , 
whereas the present maximum is  about 12°C .  

The trout fishery below Glen Canyon Dam is  an 
important resource . Preservat ion of this  resource 
c learly is a high priority for re source managers . 
Schemes for temperature manipulation that might be 
benefic ial to the humpback chub therefore cannot be 
cons idered wi thout s imul taneous e s t imation of  the 
effects of temperature alterat ion on the trout 
fishery . However , prel iminary evidence sugges t s  
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that higher temperatures in the Colorado River 
below Glen Canyon Dam , particularly at certain 
times of the year , might actually enhance the yield 
of trout . Consequently , temperature manipulation 
might well expand the hab i tat suitab i l i ty for 
humpback chub and other warmwater species while at 
the same time enhanc ing the yield of the trout 
fishery . Thi s  comb ination of benefits would give 
much more we ight to the feas ib i l i ty o f  temperature 
manipulation through ins tal lation of a mul tiple 
withdrawal s tructure . Disadvantages to higher 
temperatures , which might include change in the 
balance o f  species detrimental to trout or chub , 
need als o  to be cons idere d , but cannot be evaluated 
on the bas i s  of information that is  now available . 

Temperature manipulation opens up the pos s ib i l i ty 
not only for enhancement o f  growth among warmwater 
spec ies currently in the sys tem , but also for 
re introduc tion o f  former res i dent species , 
particularly endemic spe c ie s  that have been lost  
but that are still  available from other areas or  
from cultured s tocks (Minckley 1 9 7 3 , 1 9 7 9 , Hammon 
and Ins lee 19 82 , Miller e t  al . ,  1 9 8 2 , Valdez and 
Clemmer 1 9 8 2 ) . The reestab l ishment of lost 
populations of endangered spec ies might thus add 
cons i derable  value to the capab il ity for 
temperature manipulation , but has not yet been 
cons i dered in re lation to operations . 

Regulation of flow , which would not necessarily 
require manipulation of temperature , should also be 
cons i dered more fully than i t  has been up to this 
po int . I t  i s  currently pos s ible  to operate the 
reservo ir in such a way as to reduce the severity 
of floods , which might be advantageous from the 
viewpo int o f  beach s tab i l ization in support of  
recrea t i on ,  and pos s ib ly for aquatic l i fe as  we l l . 
Clearly it  is  phys ically pos s ible to stab i l ize 
short - term fluctuations in discharge , although 
stab i l ization would be l ikely to cause s ome loss  in 
power revenue . Because both long - term ( flood) and 
short - term s tab i l ization are feas ible , resource 
managers  should attempt to ident i fy opt imum 
comb inations of  condi tions for support of aquatic 
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re s ources . While the report by Maddux et al . 
( 19 8 7 ) doe s  make an init ial s tep in thi s  direc t ion 
by commenting on each one of a number of pos s ible  
operat ing alternative s , a more appropriate approach 
might be to view flow regulation as an optimization 
exerc is e  for management of  fisheries res ource s , 
without regard to preformulated s chemes or other 
cons traints . The optimum comb inations for aquatic 
resource s  could then be compared to optimum 
comb inat ions in support of other use s . 

Conc lus ions 

The s tudie s  of aquatic res ource s  have bui l t  a 
good foundat ion for under s tanding the effects o f  
reservo ir operations on fishes and the ir supporting 
food chains . However ,  numerous important gaps 
s t i l l  remain to be filled i f  the required degree o f  
unders tanding and predic t ive capab i l i ty i s  t o  be 
developed for aquatic re sources . Numerous 
func tional mechani sms of great importance to sport  
fisheries  and endangered spec ies  have not yet been 
s tudied suffic iently . Cons iderat ion of  management 
alternat ives involving temperature manipulation 
have been unnece s s ar i ly constrained , espec ially 
s ince these op tions would provide for the Colorado 
River below Glen Canyon Dam some of the mos t  
powerful potential management tool s . Expans ion of  
the knowledge of aquatic re sources  in  relation to  
management options wi ll  be e s s ent ial i f  the aquatic  
resource s  below Glen Canyon Dam are to be mos t  
e ffective ly maintained and enhanced i n  the future . 

TERRESTRIAL BIOLOGY 

The analy s i s  o f  the e ffects of  dam operations on 
terre s tr ial resource s  o f  the Glen Canyon Colorado 
River ecosys tem i s  supported by seven individual 
GCES technical reports . The Biology Subteam report 
( see Appendix A ,  Document 45 ) des cribes five of  
the s e  that inve s t igate vegetat ion change and both 
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long - term and short - term response to floods . One 
concerns the effects of flood waters on breeding 
riparian b irds , and one provides prel iminary 
information about the use of the canyon by diurnal 
l i z ards . References are made to s everal other 
s tudies conducted in the canyon , both be fore and 
s imultaneous with the GCES proj ect . 

The maj ority of  the individual terrestr ial GCES 
research proj ects were carefully executed ,  and the 
re sults contribute valuable and use ful information 
to our unders tanding of the resource s  concerned . 
The s tudies were conducted under di fficult field 
conditions that imposed cons iderable cons traints on 
data collection . However , the lack of any l inkage 
of the r iparian systems of the mains tem and 
tr ibutaries to the aquatic resources is a maj or 
def i c i ency . Some researchers took advantage of the 
1 9 8 3  flood by formulating que stions about the 
effects  of this unantic ipated event . The team is 
to be commended for the ir dedication and for the 
enthus iasm they brought to the ir task . 

The s tudies o f  riparian bird and shrub population 
dynamics were particularly we l l  done . The lizard 
study was wel l  conce ived and provide s valuable 
bas e l ine information , al though the data are not 
extens ive . The two s tudies us ing aerial 
pho tography , although useful for indicating general 
trends , were conducted with less  rigor . Nei ther 
report discus sed the rel iab i l i ty of the analys is 
technique s used , s o  that i t  is  difficult to apply 
the quanti tative information provided . Without a 
di s cus s ion o f  the margin of error involved in 
making maps and digitiz ing the information , it is 
difficult to j udge the accuracy of any trends 
note d .  In addition , the Brian report , 1 9 8 3  ( see 
Appendix A,  Document 1)  appeared to miscalculate an 
" average percent change " stat istic . In order to 
extrapolate the vegetation trends documented in the 
reports over the ent ire GCES s tudy area , i t  would 
be  nec e s s ary to  unders tand to  what extent the s ites 
" represent " the vegetat ion as a whole , that is , are 
proportional to the region . Ne ither report 
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addres s e s  this  i s sue directly , al though they imply 
that the inves tigated areas cover the divers i ty o f  
the sys tem . 

The Biology Subteam report indicates that s tudie s  
were formulated t o  addres s  two primary questions : 

1 .  Do dam operations s i gnificantly affect the 
l iving sys tems downs tream of Glen Canyon Dam? 

2 .  Does the potential exis t  to operate the dam 
in a manner that would enhance or protect 
biological resources ? 

Thes e  que s tions appear to be cons i s tent with the 
charge originally expres sed by Commi s s ioner 
Broadbent (Appendix B - 2 ) . 

As dis cus sed in earlier sections of  thi s  report , 
in order to accomp l i sh the ir goals the research 
team would need to addres s  the following i s sues : 

1 .  What are the b iological resource s  in 
que s t ion ,  and why are they s ignificant ? 

2 .  How are the se resources  affected by the 
r iver? 

3 .  What are the des ired levels  o f  the resource s  
(management targets ) ,  and why are these  levels  
s ignificant? 

4 .  How do dam operations affect the resources ? 
5 .  How can the dam be operated so as to achieve 

the des ired resource conditions ? 

I t  would seem appropriate to examine the GCES 
inve s tigation of terres trial b io logical resource s  
with reference t o  each of  these po ints . 

Cho ice of Res ources and Determination 
of S ignificance 

The re sources  inve s t igated by the terres trial 
b iology are ident ified in the final report as 
be ing : ( 1 )  terre s tr ial vegetation , ( 2 )  riparian 
ne s t ing b i rds , ( 3 )  reptiles  ( l izards ) , and ( 4 )  
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phytophagous insects ( s tudied in terms of  1 9 8 3  
flood e ffects ) .  Th e  reasoning beh ind thi s  
categorization i s  unclear and incons is tent . 

There are usually two ways in which ecosys tem 
res ources  are identified and defined for 
inves t i gation in a b iological management proj ect 
such as the GCES : ( 1 )  the resource i s  valued by or 
e s s ential to one or more users of the area and in 
that s ense is  a management " target "  and ( 2 )  the 
res ource influences or is affected by one or more 
of the targe t resources . The b iology report is  not 
clear about the identi ty or goals of  the users o f  
the terres tr ial resources of the canyon ; therefore 
the ident ification of proper management " targets " 
was difficul t . The report doe s  indicate that the 
Nat ional Park Service was one of the groups that 
participated in the initial development of  the 
GCES , and in the draft final report it i s  s tated 
tha t  it was this  collection of agenc ies  and 
individuals that selected the resources for s tudy . 
No obvious l ink was made , however , between the 
cho ice  of resource s  to be s tudied and the goals and 
value s of the users , i . e . , the National Park 
Service . 

In discus s ions wi th the researchers and agency 
repre s entatives during the course of the NRC ' s  
involvement with the GCES , the implication was that 
terres tr ial resource s  were inc luded in the proj ect 
bec ause the Park Service in particular was 
interested in protecting the "naturalne s s "  of  the 
canyon . · I f  this  is  the case , the biology report is  
incomplete because it  does not directly addre s s  the 
meaning and impl ication of thi s  goal . The term 
"natural " in ecological l i terature has various 
meanings , but it usually refers to conditions in 
the absence of intervent ion of the forces of modern 
civi l ization . Does "naturalne s s "  in the Colorado 
River Sys tem mean that the resource s  of the canyon 
should be managed to resemb le conditions prevail ing 
before human intervention in the area? I f  this  is  
the case , then separation o f  the resource 
catego r i e s  " terres trial vege tat ion" and " r iparian 
birds "  into " exotic " and " nat ive " components in 
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much the same way " fish" were divided into 
"humpback chub , " " nat ive fishe s , "  and " trout " would 
have been appropr iate . As this  separation was not 
made , undefined "naturalness " resul ts in confus ion 
in the analys is . 

The report is  more exp l i c i t  as to why riparian 
b i rds and diurnal lizards were selec ted for s tudy . 
The report indicates that time and budge tary 
cons traints made it impos s ible to look at all  
resources .  The researchers also po int to  the fac t 
that the exi s tence of previous ly col lected 
information on b ird populations adds to the value 
of any b ird data to be col lec ted by the GCES . 
Given the relat ive lack o f  previous ly exi s t ing 
data , this  is an important cons ideration . The 
impl icat ion , however , is that , given the goal of 
" naturalne s s , "  any terre s trial spec ies or guild 
would be an appropriate obj ect  of  study . Although 
thi s  assert ion is  not made exp l i c i tly in the 
report , it  would have been appropriate and would 
have s erved as an important reason for the cho ices . 

The logic finally used to s ingle out r iparian 
birds and l izards seems to involve the ease of 
s tudying these populations and the idea that these 
groups wi l l  serve as " indicators " of the response 
o f  all  types of vertebrates to the changing r iver 
environment . The firs t idea is  certainly 
appropriate . The as sump tion , that birds and 
l iz ards can indicate general suitab i l i ty o f  
wi ldl i fe hab i tat is  not val idated . More discus s ion 
and examples  need to be given to give support to 
this idea . In fact , there is  an imp l i cation in the 
individual b ird reports that the ripar ian species  
do  not respond to conditions as a group ; therefore , 
it  i s  less  certain that b i rds and l izards can truly 
" represent " mammals . 

The report doe s  no t directly address the second 
category o f  study resource s ,  that of  items inc luded 
in the analys is  because they affect the " targe t "  
resource s .  I n  a sens e , i f  the goal of  
" naturalne s s "  is  the dr iving influence , thi s  s tep 
is unneces s ary as al l re sources would be potent ial 
targets . However , it  might have helped to 
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expl i c i t ly cons ider the influence of other resource 
types or  uses ( fi sh ,  boaters , and so  on)  at this  
point in order to more clearly unders tand the 
potential interactions . 

Once the target terres trial resources were 
ident i f ied , it might have helped the s tudy to 
determine how important they were to particular 
user group s . Recognition of the relative 
significance of the terres trial resources might 
have changed the nature of the research , perhaps 
redirect ing efforts to the s tudy of other portions 
of the ecosys tem or even channel ing more money to 
the terres tr ial s tudies . This  is no t to imply that 
the terres trial resource s  are in any way 
unimportant . In fact the lack of  careful treatment 
of the native - exotic  plant species , particularly in 
the r iparian zone , and how the different species 
mix affe c t  the aquatic resources . However , the ir 
significance as compared to that of aquatic 
resource s , recreation , and so  on , is  not addressed . 

E ffec t o f  the River on the Resources 

In order to devise a management p lan , it  is 
important to unders tand the interactions of the 
components that can be manipulated and those that 
will be affected by the manipulations . The biology 
report exhib its  a general understanding of the 
influence o f  the river on the terres trial 
vegetat ion , and , given the effect on the 
vegetati on , the indirect e ffects on b i rds and 
lizards . Much of the outl ine of this interaction 
with regard to vegetation was availab l e  to the 
researchers prior to the initiation of  the GCES . 
The individual technical reports add de tai l  to the 
general outl ine , but because of the l imited time 
available  and the fac t that the researchers had 
relatively l i ttle chance to e ffect changes in the 
flow , the informat ion is  not as extens ive . Mos t  
data document influence s  of the 1 9 8 3  flood . 

The report does  no t c learly present an 
interact ive conceptual understanding o f  the 
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sys tem . Had they done so , the researcher s  could 
have provided more ins ight into l inkage s between 
sys tem components ( e . g . , riparian and aquatic 
resources ) and user groups . For example , change s 
in river di s charge influence the use of the 
camp s i tes  by recreat ioni s t s . As recreat ioni s t s  
have a potential impac t o n  terre s trial vege tation 
in areas to which they have acces s ,  a change in 
the ir behavior would affect  vege tation . 

The report doe s  not always different iate between 
information obtained from previous s tudies of the 
canyon , that obtained from the GCES , and trends 
that are predicated on as sumptions rather than 
data . The re searchers acknowledge that the ir 
conc lus ions are based on all  of thes e  source s , but 
it would have improved the report had they more 
care ful ly re ferenced this  information . That the 
abundance and divers ity of wildl i fe in an area 
depend on the areal extent , spec ies  divers ity , and 
s tructural heterogene i ty of vegetation i s  as sumed . 
This  i s  perhaps  val id but different spec ies  respond 
to different aspects . For example , many b i rds 
respond to vegetation s tructure , not species 
compos ition .  The researchers make a dis tinction 
between short - and long - term e ffects of  the river 
and attemp t  to identify "vulnerable " s tage s in the 
l ife cycle of part icular specie s , i . e . , the time at 
which they are mos t  l ikely to be affected by river 
operations . 

The occurrence o f  the 1 9 8 3  flood forced the 
terre s trial team to focus on the e ffects of high 
water . They viewed floods as a dis turbance in a 
s teady flow sys tem and viewed the response of  the 
resource s  as the reac t ion of sys tems to a 
" di s turbance . "  Thi s  as sumes that the pre - 1980  
condit ions are " normal " and , as discus sed below , 
that the re sul tant terres trial resource leve l s  
created b y  the s teady flow are the des ired leve l s . 

The final draft report made l i ttle re ference to 
the individual technical reports , and on the 
occas ions when data are c i ted , there are some 
incons i s tenc ie s . For example , the results of  
s tudie s  documenting the l o s s  of  vegetation due to 
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the 1 9 8 3  flood are reported as : ( 1 )  40 t o  SO 
percent loss  (page 2 5 ) , ( 2 )  S O  percent (page 2 7 ) , 
and ( 3 )  large areas (page 3 1 ) . I f  the draft 
reports  provided to the committee , the data are as 
follows : Brian report : 3 5  percent loss ; 
Puchere l l i  report : 31  percent loss  ( 112  to 7 7  
acres ) .  

The report makes l ittle reference to information 
available from s tudies  in the canyon prior to 1 9 8 2  
and to information about the interaction of  the 
river sys tem and terres trial riparian resources 
available  from s tudies of o ther sys tems . 
Information from such s tudie s  may contr ibute to 
conclus ions and as sumptions , but this  is  not made 
clear . The Carothers e t  al . ( 19 7 6 )  study is  
apparently used extens ive ly . 

Des ired Resource Levels  
(Management Goal s )  

Once the interact ions of  the components of  the 
system are unders tood , the next s tep is  to ident i fy 
the des ired levels  or conditions of the targe t 
resources . These  goals mus t  be e s tablished in 
order t o  de termine the management strategy . The 
biology report es tab l i shes goals for the 
terre s trial resources ,  but i t  doe s  not clearly 
explain or j us t i fy them . Values are as sumed rather 
than explicitly derived , and the reas oning behind 
the choice of management goals is not expre ssed . 

The management goals for terres trial resources 
involve maximiz ing dens i ty and divers ity . These 
terms are used by the researchers to refer to  
numbers of individual s  and numbers of specie s . The 
assump tion appears to be that the increase in woody 
vegetation and breeding b irds that occurred between 
the closure of the dam in 1 9 6 2  and the fill ing of  
the lake i n  1 983  has been a pos itive event , and 
that management should attempt to continue this  
trend . No  indicat ion i s  given as  to what 
populat ion leve l s  are ult imately de s irable . 

Copyright © National Academy of Sciences. All rights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http://www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


- 80 -

The discus s ion of the goal of " naturalness " 
earl ier in this review is also important here . 
There i s  an important dis t inc tion to be made 
between exotic and nat ive b iota . Much of the 
increase in vegetat ion in the canyon has been due 
to the spread of  exotic spec ies . The b iology 
report mentions this , but there is  no discuss ion of 
the po int of view that a management goal that 
maximizes  the dens ity of exotic species is  in fac t 
contradict ing the goal of naturalne s s . 

The goal of maintaining high b ird population 
dens i ty and divers ity also is  a pos ition that 
resul ts in advocat ing the expans ion of spec ies not 
natural to the river corridor . The reas oning 
beh ind this goal is explained by the idea that 
r ipar ian b ird populations are decreas ing elsewhere 
in the Southwes t  due to lack of hab i tat so that the 
new hab i tat in the Colorado River is a pos itive 
e ffect . 

S imilarly , there is  l i ttle or no discuss ion of  
what problems might occur because of the shift from 
" natural " predam conditions . Have any spec ies been 
lost from the canyon? Are nat ive terre s trial 
spec ies dec l ining in population? These  and other 
impl ications of  the chosen goals need to be 
addressed . 

Effect of  Dam Operat ions on the River 

Two types of  dam operations are cons idered by the 
researchers : ( 1 )  daily fluctuat ions and ( 2 )  the 
release of flood waters . Firs t , the researchers 
s tate that dai ly water fluc tuat ions do not direc t ly 
affect the terre strial r ipar ian sys tem , because 
vege tat ion is  e s tab l i shed above the leve l of the 
high water l ine . Yet later on , in discus s ing 
alternat ive management s trategies , they s tate that 
a proposed e l iminat ion of fluc tuat ions would allow 
vege tation to extend its range . The second 
s tatement imp l ie s  that the s trategy of dai ly 
fluc tuat ing flows affects the vegetation . In a 
sense , both s tatements are based on conj ecture 
rather than on direc t research re sul ts . 
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Second , the researchers approach the s tudy of  
management alternatives us ing a " s tatic model . "  
They po s e  management scenarios that imply that the 
dam wil l  be operated according to a chosen 
scenar io . Changes might occur given high or low 
water s ituations , but the seas onal release patterns 
would b e  s imilar . In contrast ,  many resource 
manager s  adopt a more eclectic s trategy in which 
the management pattern is evaluated at regular 
interval s  in the context of the behavior of the 
target resources . Al though the terres trial 
researchers s tres s  the need for continuous 
moni tor ing of the resources and indicate that 
management dec is ions might need to change in 
response to resource changes , they do not 
incorporate this idea into the development of a 
dynamic management system in which water release 
patterns might change from year to year . Such a 
res ourc e - respons e - driven scenario allows for 
flexib i li ty as goals change in response to new 
att itudes and additional knowledge . It also allows 
for experiments to understand the river - resource 
link . 

Recommended Management S trategy 

The conclus ions with regard to the analys is  of 
d am  operations on the terres trial resources  are 
highly influenced by the fact that the 1 9 8 3  flood 
occurred and that the data collected by the 
researchers document e ffects of this event . The 
res earchers take a pos it ion with regard to floods 
and s eem to ignore other effects of  the river on 
the grounds that the e ffects are unknown or no t 
important to the terres trial re sources .  I t  is true 
that the data collected in the individual research 
reports relate primar ily to the e ffects of the 
flood .  I t  might have been better to have s tated 
that the ir management sugge s t ions relate to flood 
control and not to other options because that i s  
what the i r  data al low . 
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The res earchers take the pos it ion that floods are 
bad , given the ir assumptions about des ired resource 
leve l s . The ir data indicate that , at leas t  in the 
short term ( defined var ious ly in the different 
reports ) ,  the flood waters removed vegetation , 
des troyed b ird ne sts , and perhaps ins tigated a 
change in spec ies compos i t ion in the New High Water 
Zone ( NHWZ ) through di fferential effects on 
reproduc t ion . The evidence i s  not conc lus ive as to 
the long - term e ffects of a s ingle flood . 

The researchers acknowledge the fact that flood 
frequency is  an important cons ideration , and they 
even discus s pos s ible  periodi c i ties based on a 
repetition of recent his tory . In the end , the 
impres s ion they leave i s  that floods are to be 
avo ided (page 3 8 , 39 ) . Thi s  s tatement appears to 
be based on the idea that s teady flows led to the 
deve lopment of the resources as they were in 1 9 8 2  
and o n  the as sumption that these  are the leve l s  to 
emulate . While thi s  recommendation cannot be said 
to be  inherently " wrong , "  i t  i s  supported by 
indirect rather than direct evidence . The data 
collected in the GCES are in some senses 
inc idental . 

Conclus ions 

The terres trial researchers were faced with the 
difficul t task of  collec t ing enough data in a short 
period to be ab le to make river management 
dec is ions . Relat ively l ittle informat ion about the 
terre s tr ial resources  of Glen Canyon was known 
prior to the init iat ion of  GCES , and data 
acquis i t ion during the proj ect was affected by 
l imited access  to the s tudy s ites and the exi s tence 
of flooding condi tions . 

The report suffers from a confus ing mixture o f  
values and s c ience . I t  i s  often difficul t to 
de termine the bas is  on which j udgments were made . 
Al though it  i s  use ful to remove references and 
lengthy explanations from the body of a report , in 
this  ins tance the text became more confus ing 
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because as sumptions , value s , and " facts " were not 
documented and/or explained . Li ttle direct use 
seems to have been made of the resul ts of  s tudies 
of other river sys tems . An e ffort seems to have 
been made to make s imple conc lus ions and 
recommendations . Although sometimes appropriate , 
thi s  proces s  was carried too far in thi s  ins tance 
( decis ions to recommend one " s tatic " water release 
pattern , for example ) . 

Mos t  o f  the spec ific information collected during 
the course  of the individual s tudy proj ects will 
prove to be quite use ful in adding to our 
unders tanding of the " controlled" Colorado River 
ecosys tem . However , the conclus ions about which 
management s cheme to follow wi th regard to 
terres trial resource s  are tentative . The wording 
of  the management sugge s t ions is  s tronger than the 
data can support . I t  is  di fficul t to j udge 
long - term trends from a few years of data . The 
recommendation made by the researchers to continue 
moni toring the resources is important , and a 
wil l ingnes s  to change the flow pattern in re sponse 
to resource changes is  the key to succe s s ful 
management of the sys tem . 

S EDIMENT TRANS PORT AND HYDROLOGY 

According to the s ediment and hydrology subteam 
report , seven obj ectives were es tab l ished in 1 9 8 3  
for the research program i n  sediment and hydrology 
s tudie s , as follows : 

1 .  Ident i fy the reache s of the river that are 
los ing , gaining , or in equi l ibrium with respect to 
sedimentat ion . 

2 .  Identi fy the source of sand in transport . 
3 .  Determine the present ne t sand outflow from 

Grand Canyon into Lake Mead . 
4 .  Identi fy spe c i fic camps ite beaches that are 

gaining ,  los ing , or in equil ibrium . 
5 .  Determine potent ial management ac tions to 

reduce or halt camp s i te beach eros ion . 
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6 .  E s t imate what the r iver morphology would be 
l ike up to 100 years from now based on operational 
alternat ive s . 

7 .  Expand and refine the water - flow routing 
mode l , particularly in r ipar ian hab i tat areas . 

Thes e  obj e c t ive s certainly lead to val id 
sc ient ific que s t ions conce rning sediment and water 
movement through the Grand Canyon . It  would have 
been appropriate in 1 9 8 3  to formulate tes table  
hypothe s e s  and then devis e  appropr iate efforts in  
fieldwork , mode l ing , and so  on , to  re s o lve the 
var ious compet ing hypothes e s . The 
sediment/hydrology work has an eas i ly discernab le , 
s traight - l ine relat ionship to all other 
environmental components of the GCES . Sediments 
repres ent a nearly - finite resource in the 
Glen/Grand Canyon sys tem , cons ider ing loss  of  input 
from the above - dam watershed . It would have been 
more us eful to integrate the findings of the 
sediment/hydrology work as other research was be ing 
conducted , rather than leaving such integrat ive 
thinking unt i l  the end of the proj ect . The maj or 
concern in 1983  was to divide var ious 
sediment/hydrology s tudies as sumed to be relevant 
to the obj ectives into compartmental inve s t igat ions 
to be pursued by the technical s taffs of the U . S .  
Geological Survey and the U . S .  Bureau of 
Rec l amation . 

The lack of  an obj ective , initial overview of  the 
sediment/hydrology res earch i s  apparent in the 
contrast pres ented by the sediment and hydrology 
subteam ' s final report and the 10 technical reports 
prepared prior to the final integration effor t . 
The final draft report emphas izes  the overview o f  
sediment - dependent resource s , the s torage o f  
s ediment i n  pool s  and rec irculation zones , the 
sources of s and into the sys tem , observat ions of 
change dur ing varying flow conditions , and the 
important func t ions of rap ids and tributary debris  
flows . I t  i s  obvious that the observat ional data 
base provides a more credible  bas i s  for predictions 
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concerning future sediment - dependent resources  than 
does the model ing (which fails to predict observed 
channel bed change s ) . 

I t  should have been eas ily foreseen at the s tart 
of the s tudies , and readily demonstrable in the ir 
early s tages , that the present source of sand 
enter ing the Colorado River through the Grand 
Canyon i s  tributar ies , notably the Par ia and Little 
Colorado r ivers and Kanab Creek . Because of the 
lack of an obj ective sc ientific overview in 1 9 8 3 , 
nearly all sediment analyses were focused on the 
main- s tem Colorado River . The role of tributary 
sediment sources was ident ified as a high- priority 
future research proj ect at the end of the GCES 
proj e c t . 

The bulk of the sediment/hydrology research 
initiated in 1 9 8 3  was directed into an immense 
effort to mathematically model the sediment and 
water movement through the main channel of the 
Colorado River from Glen Canyon through the Grand 
Canyon . This e ffort included a phenomenal survey 
of cro s s  sect ions , s ide - scan sonar records of the 
stream bed , and continuous measurement of water and 
sediment at five gaging s tat ions . Comb ined with 
computerized flow routing and continued development 
of a BOR model used in alluvial rivers , the bulk of 
research was direc ted at formulating and 
calibrating an ideal ized concep t  of  sediment 
transport in the system . Five of the ten technical 
reports in the sediment/hydrology GCES series were 
devoted to thi s  top ic : 

1 .  "Uns teady Flow Model ing o f  the Releases  from 
Glen Canyon Dam at Selected Locations in Grand 
Canyon . "  

2 .  " Sediment Transport and River S imulation 
( STARS ) Mode l Development . "  

3 .  " S ediment Data Collect ion and Analys is for 
Five S tat ions on the Colorado River from Lee ' s  
Ferry to Diamond Creek . " 

4 .  " Re sul ts and Analys e s  of STARS Mode l ing 
Efforts of the Colorado River in Grand Canyon . "  
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5 .  " S onar Patterns o f  the Colorado River Bed in 
the Grand Canyon . "  

Problems with the overemphas is  on mathematical 
flow mode l ing should have been apparent in the 
early phas es  of the s tudy . The report " Trends in 
Selected Hydraul ic Variables  for the Colorado River 
at Lee ' s  Ferry and near Grand Canyon for the Per iod 
1 9 2 2 - 1 9 8 4 "  shows that cons iderable data were 
availab l e  on long - term channe l bed changes in 
relat ionship to var ious flow conditions . These 
data are not cons is tent wi th the predictions of the 
flow mode ls . 

Two of the s tated 1 9 8 3  sediment/hydrology s tudy 
obj ectives re lated to the critical sand 
depos i t/camps i te beaches . Desp ite extens ive 
analyses of the recirculat ion zones containing 
these  depos its , inc luding s tudies of effects of 
flood flows , monitor ing of changes , and so on , the 
critical source of s and input from the main channel 
was s tudied , not as part of a l inked sys tem , but 
e s s ent ial ly as an independent effort in s ediment 
transport model ing . The l inked character of  
s ediment source s ,  main - channel transport , 
rec irculation zones , and so on , could have been 
antic ipated from pub l i shed l i terature available  at  
the time of s tudy initiat ion and/or from 
reconnaissance fluvial geomorphological process  
investigations of  the Grand Canyon system . The 
need for such prel iminary work would have been 
apparent to an obj ective sc ientific overs ight o f  
the proj ect b y  a pane l of  experienced sc ientists 
wi thout b ias about which spec ific research proj ects  
would be funded .  Such review panel s  are commonly 
used in complex federally funded environmental 
proj ects invo lving agency competition for research 
funds . 

As dis cus sed in Part VII of  the sediment and 
hydrology subteam final report , the maj or produc t 
of the model ing e ffort succeeded in the 
identi ficat ion of numerous de fic ienc ie s  in the 
analys i s . These inc lude inadequac ies of the 
s amp l ing period and the data input and in the 
one - dimens ional charac ter of the mode l . 
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The irony o f  the mathemat ical model ing effort 
expended in this  proj ect is  that there was and 
there remains a critical need for mathematical 
sediment model ing to resolve GCES i s sues . However , 
the mos t  press ing need is  to mode l the sediment 
trans fer between the main channel and the 
rec irculation zone s , where the impacts of dam 
operations are cri tical for those  recreational , 
wi ldl i fe , and beach s tab i l i ty is sues that are 
central to the s tudy . 

A report entitled " Sandy Beach Area Survey Along 
the Colorado River in the Grand Canyon National 
Park" provided some inventory data on sand 
res ources in the system . However , it should have 
been c lear from the early phase s  of the proj ect 
that resolution of the obj ectives required a l inked 
unders tanding o f  the beach processes  to 
main - channel sediment and water movement and to 
fee dback relat ionships with vegetation . 

The report " Recent Aggradat ion and Degradation of 
Al luvial Sand Depos its , Colorado River , Grand 
Canyon National Park , Arizona " presents the firs t 
des c r iptive model of  alluvial sand depo s i t  ( camp ing 
"beach " ) format ion in zones of flow separation 
along the Colorado River . Thi s  report addres ses 
scient i fic is sues central to the obj ectives . 
Unfortunately , the research on processes  of  
alluvial sand depos it ion was not s trongly l inked to 
the sediment transport model ing . Therefore , the 
connection between the two e fforts has been left as 
a future research need . 

The report " The Rap ids and Waves of  the Grand 
Canyon , Arizona " provides a de tailed hydraul ic 
analys is o f  spec i fic rap ids on the Colorado River 
in the Grand Canyon . I t  represents an outstanding 
s tep in produc ing sc ient i fic unders tanding of flow 
phys ics in the comp lex rap ids environments that are 
critical to the recreational use of the Canyon . I t  
also ident ifies the role  of  rare , infrequent floods 
in contribut ing to the canyon environment . 

The report " Debris  Flows from Tributar ies  of the 
Colorado River in the Grand Canyon" demons trate s 
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the crit ical role of debris  flows in defining local 
hydraul ic condi tions on the Colorado River in the 
Grand Canyon . The report also raises important 
que s t ions about the role of infrequent events on 
small tr ibutar ies  in the introduct ion of s ediment 
into the river sys tem . I t  i s  interest ing that thi s  
one s tudy on tr ibutary sys tems , whose importance 
should have been real ized in 1 9 8 3 , was not done 
unt i l  1 9 8 6 . 

The river sys tem in the Grand Canyon changed from 
a sys tem in quas i - equi l ibrium prior to cons truct ion 
o f  Glen Canyon to one in a trans it ion toward a new 
quas i - equi l ibrium dur ing the f i l l ing s tage . Now 
that Glen Canyon has filled , a new sys tem wil l  
develop . That sys tem should be s tudied a s  a 
geomorphologic sys tem , not solely as a hydraul ic 
one . The reach from the dam to the Par ia River 
w ill  cont inue to be sediment de ficient . The reach 
downs tream w i l l  scour between maj or sediment input 
events from the Paria , and the dis tance of the 
degradat ion of the bottom and the removal of sands 
from the channe l will  cont inue unt i l  a new input o f  
sediment occurs . The Paria and the Little Colorado 
will  introduce s lugs of sediment which wil l  be 
depos ited in the Colorado and move as wave s through 
the sys tem . The manner in which thi s  new system 
operates or will  operate and what influence it wi l l  
have o n  the fish , fauna , and flora i n  the Canyon 
has not b een addres s ed . Many of the data collected 
for the mas s  sediment movement model are useful for 
e s tab l i shing a basel ine for the s tudy of  the 
geomorpho logic changes in the system . 

In summary , the sediment/hydrology research 
e ffort has produced some exce llent new 
understanding of certain crit ical components of the 
complex sys tem of water and sediment movement 
through the Grand Canyon . Important in this regard 
is the informat ion about the operat ion of s and 
eros ion and depos i t ion in rec irculation zones , 
observat ions of  s ediment change s on the r iver bed 
in relat ion to  flow conditions , phys ical s tudies o f  
flow dynamics a t  rap ids , and analys is  o f  the ro le  
of debris  flows . Unfortunately , the crit ical 
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linkage o f  sediment/water flow in the main channel 
was pursued predominantly as an exerc ise in its own 
right , largely divorced of  concerns about sediment 
sources and s inks and with inadequate attention to 
modeled sediment movement to beaches , r iparian 
hab itats , and so  on . 

No attention was given to the broad quest ions of  
changes in  the sys tem response in  a geomorphic 
sens e . Much of the expected changes in beach 
occurrence and o f  sediment depos ition and eros ion 
from thos e  beaches perhaps could be predicted from 
geomorpologic response models . Thos e  
geomorphologic response models  could then be used 
to i dentify critical s i tes to s tudy and critical 
hypotheses to test in more detailed hydraulic 
mode l s . These and other inadequac ies in the 
sediment/hydrology research seem to derive from 
overemphas i s  on agency capab i l i ties for pursuing 
studies  presumed to be relevant to overall GCES 
goal s . This approach prec luded research on top ics 
that have now been recognized as more relevant to 
thos e  goals than much of the original research . 

Recommended Future S tudies 

Much o f  the moni toring work undertaken for input 
to the sediment transport model wi ll be necessary 
for any system overview . That monitor ing should be 
cont inued . Changes in the compos ition of the bed 
and the s ize dis tribut ion of  the bed material 
should be determined periodically to help track 
slugs of sediment input from the tr ibutaries . The 
future distribution of flows as a resul t of 
di fferent dam operation plans and di fferent inflows 
to Lake Powe l l  should be determined , and the 
response of the sys tem - - in a broad geomorpologic 
overview - - to tho s e  operation plans and inflows 
shoul d be s tudied . S ediment input from the 
tr ibutar ies and movement through the Canyon should 
be moni tored . 

Detai led hydraulic s tudies should be undertaken 
of the mechanism of sediment depos ition and eros ion 
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on s e lected crit ical beaches . Those  s tudies should 
inc lude the mechanism of sediment interchange 
between the main channel sys tem and the beache s , as 
wel l  as the movement of sediment on the beaches in 
re spons e to varying flows . Minor tr ibutary inputs 
of sediment as a result of debris flows should be 
monitored , and any maj or event should tr igger a 
detailed analys is  of the bui ldup and subsequent 
eros ion of the rap id created by or added to by the 
event . The s ediment and water are an integral part 
o f  the Canyon system . Without them there would be 
not beaches , there would be an entirely different 
fauna and flora . They are the foundat ion upon 
which the rest of the bui lding is  cons tructed . 
The ir cont inuing s tudy is  required in order to 
unders tand the overall sys tem . 

RECREATION 

The recreat ion reports adequately addres s  the 
que s tions raised : 

1 .  What i s  the pub l ic ' s  willingnes s  to pay for 
angl ing and rafting opportuni ties through the Grand 
Canyon? 

2 .  How are these  values related to flow regime s ?  
3 .  How doe s  the inc idence of accidents correlate 

with river flows ? 

Use o f  the cont ingency valuation technique to 
address que s tion one is  a bold appl ication of thi s  
promis ing method . The researchers , who are well  
known for the ir development of the technique , have 
ab ly and creatively analyzed the satisfac t ion of  
recent recreat ionists . They provide a clear 
exp lanation of  the technique and its opportuni ties  
and cons traints . While the contingency valuation 
me thod is no t meant to sugges t  that anglers and 
rafters will  happ ily pay much more than is  
currently be ing charged for a particular set of 
exper iences assoc iated with var ious discharges , it 
does add importance to cons ideration of recreation 
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users in dam operations dec is ionmaking . Prior to 
this carefully prepared s tudy , operations managers , 
while aware of  the recreational value in a 
theoretical s ense , had no direct quantificat ion of 
this  value to include in the power generation 
ca1culations . The potent ial values were therefore 
offic ially ignored .  The researchers identify 
po tent ial sources  of confl ict between the anglers , 
the commerc ial white water boaters , and the private 
white water rafters . Preference for flows and 
acc e s s  to the r iver at various t imes of the year 
are valued differently by thes e  groups . Thi s  
information may a i d  planning i n  other ins tances  of 
user conflict . Thes e  findings deserve appl icat ion 
to future recreation plans for the Colorado River 
and elsewhere . I t  would have been helpful , for 
example , if thes e  calculations had been used in the 
operations report . Why was the scope so narrowly 
defined in the acc ident s tudy? The results 
indicate that raft ing on the Colorado River through 
the Grand Canyon is  not very hazardous . Discus s ion 
with the subteam indicates that as far as Nat ional 
Park experience goes , accidents related to r iver 
flow regimes cons t itute a relat ively small 
percentage o f  the acc idents reported annual ly . The 
high water of 1 9 8 3 , difficul ty in accurate 
recording by commercial operators , problems with 
vo lunteer surveyors poised at dangerous rap ids , and 
the fact that there are not many acc idents reduce 
the usefulnes s  of this  report for pol icymaking . In 
add i t ion , the researchers  show that in high water 
the commerc ial operators are careful to walk boats 
through the mos t  dangerous rap ids . Thes e  faults  
are very clear now . However ,  at the t ime the 
reports were proposed perhaps the researchers 
thought that acc idents were a far greater prob lem 
than they turned out to be . 

The recreat ion reports provide a new dimens ion to 
planning for dam operations and an opportunity for 
further exp lorat ion and tes t ing of the contingency 
valuat ion s tudy . It is unfortunate that although 
the s e  researchers  were able to so  comprehens ive ly 
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attack the ir wel l  de fined problem , there was no 
effort to integrate the results into the broader 
scheme of operations or questions of the future of  
the beache s . 

G len Canyon Dam helped create a recreat ion 
indus try based on whi te -water boat ing along the 
Colorado River and created trout fishing 
opportunities  at Lee ' s  Ferry . The dam changed the 
sport fishing qua l i tatively and quant itative ly .  
Previous ly , this had been a modest  fishery for 
nat ive warmwater fish . Subsequently a s ignificant 
trout fishery deve loped ; for a time there exi s ted a 
premier trophy fishery . The number of angler days 
of the fi shery rose from about 6 , 500 in 1965  to a 
peak of almost  5 3 , 000 in 1 9 8 3 . The number decl ined 
to about 20 , 000 in 1 9 8 5  and perhaps  15 , 000 in 
1 9 8 6 . The third maj or recreational act ivity is 
day - use raft ing at Lee ' s  Ferry . The dam 
fac i l i tated the development of  this  popular 
ac tivity . According to the GCES draft report the 
current annual scales of  the se activities  are as 
follows : 

White - water boat ing 
Fishing 
Day - use  rafting 

15 , 000 
6 , 100 
8 , 500 

User - Days 

150 , 000 - 17 0 , 000  
15 , 000 

8 , 500 

The se recreational ac tivities - - espec ially the 
las t two - - are direct by - products of the dam . The 
cons ti tuenc ies  that represent thes e  act ivi ties 
played an ac t ive role in oppos ing the Bureau of 
Reclamat ion ' s  plan to ins tal l additional turb ine s 
at Glen Canyon over the period 1 9 7 8  to 1 9 8 2  and l e d  
t o  the ini tiat ion of the GCES . 

The fac t that both of  the maj or recreation 
resource s  identified by GCES are controlled by 
agenc ies other than the BOR has two very important 
imp l icat ions . Firs t , s ince there is  a natural 
l imit to the carry ing capac i ty of each of thes e  
resources , there is  an upper l imit t o  the economi c  
bene fits  that can be attr ibuted t o  direct us e o f  
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the s e  resources  in any year ( o ther types of 
economic benefits , discus s ed below , are not 
neces sarily subj ect to such a l imit ) . This can be 
seen very clearly in the case of white -water 
boating . If no more than 16 , 000 persons can run 
the r iver per year , and i f  the maximum benefit per 
person is  about $900 for a commercial boat 
pas s enger and $ 7 00 for a private boat pas s enger as 
s tated in the GCES report , then the maximum annual 
use benefit of white - water boating recreation is  
about $ 14 . 4  mill ion .  To the extent that river 
flows are less  than optimal , or that fewer than 
16 , 000 persons run the river , the actual use 
benefit wi ll be lower . These  sums are the 
aggregate amounts that persons who run the r ivers  
would be wil l ing to pay for the experience over and 
above what they ac tually do pay (which averages out 
to $ 1 , 406  per person for commercial pas sengers and 
$ 5 5 7  per person for pas s engers on private boat ) . 
In the case o f  fishing at Lee ' s  Ferry , a more 
compl ex calculat ion is  required to de termine the 
maximum use benefit because by varying its 
management pol icy Arizona Game and Fish can create 
di fferent types of recreat ional resources  ( e . g . , a 
put - and - take fishery versus a trophy fi shery) . At 
thi s  time there does  not appear to be suffic ient 
information available to perform thos e  
calculat ions . 

The s econd implication is  that the impac ts of the 
dam itself , or o f  alternative flow regimes , cannot 
properly be as s e s sed without reference to the 
management pol ic i e s  of these  other agenc ies . The ir 
pol icies  can mitigate or exacerbate the effects  of 
any operating regime for the dam . I t  would have 
been difficul t pol it ically and adminis tratively to 
iden t i fy alternat ive management opt ions for thes e  
agenc i e s  a s  obj ects o f  s tudy for the GCES program , 
alongs ide the alternative flow scenarios , but with 
the benefit  o f  hinds ight the committee believes 
that i t  would have been extremely des irab le to do 
s o . 

I t  would have been appropr iate to ini t iate the 
economic analys i s  by cons idering the fol lowing 
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que s t ions : What would current us age b e  without 
Glen Canyon Dam? Who are the people that could be 
affected by changes in the operation of Glen Canyon 
Dam? In what ways might they be affected? The 
answers to such que s t ions would generate a taxonomy 
of pos s ible impac ts that could have been explored 
in des igning additional economic s tudie s  for the 
GCES program . A plaus ib le l i s t ing of the potential 
" cons tituenc ie s "  i s  as follows : 

1 .  People who actual ly vis i t  Glen Canyon 
National Recreation Area and Grand Canyon National 
Park to engage in s ome recreational activity that 
is direc tly affected by river flows - -white -water 
boaters , day - use rafters , and anglers as s tudied in 
the GCES . Thes e  people care about flow regimes not 
only because of the impact on the qual ity of the ir 
recreat ion exper ience but also for other mot ives 
unre lated to the ir current use of the resource , 
inc luding exis tence value , opt ion value , and/or 
beque s t  value . 

2 .  People who vis it Glen Canyon or Grand Canyon 
for some other recreational ac tivity , perhaps 
indirectly affected by changes  in river flow - - e . g . , 
s ightsee ing , hiking , or nature photography . Thes e  
people may cons ider the qual i ty of the ir recreation 
experience to be affected by the river flow and/or 
they may care about flow regimes for other motives 
s imilar to thos e  of the rafters and anglers . 

3 .  People who do not currently vis it  Glen Canyon 
or Grand Canyon , but may want to in the future . 

4 .  People who will never vis i t  Glen Canyon or 
Grand Canyon , but s t i l l  care about i t . 

5 .  Peop le who directly or indirec tly earn the ir 
l ivel ihood from recreation act ivities  at  Glen 
Canyon or Grand Canyon who may be affected by 
changes in flow regime s . 

The GCES program focused exclus ively on the use 
values assoc iated with the persons in group 1 .  The 
GCES report exp l i c i tly acknowledges thi s  
re s triction . The benefits to others compared t o  
thos e  cons idered b y  the GCES are unknown . They 
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could pos s ibly be much larger , because o f  the upper 
l imit on the use benefits of boating and fishing 
ment ioned above . However , whe ther or not the 
nonuse benefits are of legitimate concern depends 
on an issue that is not clearly resolved in the 
GCES report - - the extent to which the consequences  
o f  alternative flow regimes  are ephemeral , at one 
extreme , or very long- last ing , at the other . On 
the whole , the report appears to assume that the 
effects are relatively ephemeral - - low flows in the 
river today may reduce the quality of today ' s  
boating or fishing but not tomorrow ' s ,  assuming 
these  are highes t  flows tomorrow . As long as this  
is  true , a narrow focus on  the use of benefits of 
current boaters and anglers is  j ustified . On the 
other hand , if a change in the operation of the dam 
sub s tantially alters the fishery or white -water 
boating for a period of years or longer ( e . g . , by 
el iminating beaches or certain terres tr ial or 
aquatic b iota) , then the e ffects are more 
widespread and the impacts on groups 2 through 5 
mus t be cons idered . Changes in flow measurement , 
whe ther diurnal , weekly , monthly , seasonal , or 
annual , would also affect s tudy results . 

I f  research is  extended to groups 2 through 5 ,  a 
broader data collection effort would be required , 
Dealing with 2 through 5 requires surveys of much 
larger populations , while deal ing with 5 requires 
the use of an input - output mode l . Another quest ion 
is "what are the subs idies involved" ? Such 
sub s idies are usually well  hidden , but are almost  
always involved i n  pub l ic proj ects , such as dams 
when small select groups s tand to benefit 
extens ive ly . Al so , what are the contingency 
calculations concerning lawsuits?  One s ignificant , 
succe s s ful lawsuit could eas ily offset marginal 
cos t -benefit calculations . 

The economic benefits of (peak) power generation 
were excluded from the analys is . This  omiss ion 
makes it  impos s ib l e  to analyze tradeoff between 
power generation and the recreat ion and 
environmental resources of the GCES study area . 
Given the cons traints on the scope of  analys is 
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embedded in the des ign o f  the GCES research 
program , the committee cons iders the economic 
analys i s  that was performed to be highly competent 
and creditworthy . With the benefit  of hinds ight , 
comments on s everal technical i s sues follow . 

The first  concerns the two alternat ive approache s 
in the cont ingent valuation survey to e s t imat ing 
how peop l e ' s  will ingnes s  to pay for white - water 
boat ing var ies with the flow regime . Ult imate ly , 
only one of them i s  employed in the GCES draft 
report , but the contras t is of some intere s t . The 
first method was to e l ic i t  from respondents the ir  
wi l l ingnes s  t o  pay ( over and above the ir actual 
cos t )  for the boat ing trip that they actual ly took 
in 1 9 8 5 , and to correlate thi s  with actual flow 
conditions dur ing the trip . The s econd method was 
to ask respondents for the ir wi l l ingnes s  to pay for 
each of s everal hypothet ical trips with different 
flow regimes from that ac tually experienced . Both 
me thods raise s everal i s sue s . The main problem 
with the firs t method i s  the range of variation in 
flows dur ing the 1 9 8 5  white - water boat ing s eason ; 
for commerc ial trips the average low and high flows 
were 2 5 , 200 cfs and 3 1 , 600 c fs while , for private 
trips , thes e  averages were 2 1 , 800 cfs and 2 9 , 200 
cfs . Thus , i t  appears that actual flows fill  in a 
relatively narrow range . The will ingnes s  to pay 
was extrapolated to lower and higher flows by 
fitt ing a s tat i s t ical model to the survey re spons e s  
that was quadratic in flow . Inevitab ly , however , 
e s t imates  of  the value of boating with low flows 
( e . g . , 5 , 000 cfs , 13 , 000 c fs ) or very high flows 
( e . g . , 40 , 000 cfs ) involve proj ecting the fitted 
equat ion beyond the range of data from which i t  was 
e s t imated . In this  context , it  i s  interes t ing to  
no te that the peak - value flows ( 3 3 , 000 cfs for 
pas s engers  on commercial trips , 2 9 , 000 cfs for 
pas s engers on private trips ) are located near the 
upper l imit of  the flows in the actual data s e t . 
There might be s ome extraneous factors that 
confound the relationship between the actual flow 
conditions on a trip and the respondent ' s  valuation 
of the tr ip . For example , could it  have happened 
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that r i cher people , o r  more avid boaters , took 
trips at times when flows were higher , so that the 
increase in value per tr ip over the range 20 , 000 to 
30 , 000 cfs is not really indicat ive of a preference 
for higher flows ? 

The elicited values for hypothetical trips with 
different flow regimes were not actually used in 
the GCES draft report , but i t  is  interesting to 
compare them with the flow-value function based on 
actual trips . The main l imitation of the 
hypothet ical scenarios is that they were res tricted 
to flow conditions di fferent from those actually 
experienced- - 5 , 000 cfs , 13 , 000 cfs , 22 , 000 cfs , 
40 , 000 cfs . Except for the 22 , 000 - cfs scenario , 
there was no overlap between the actual flows in 
the sample and those in the hypothetical 
scenarios . The absence of an overlap makes it  
imposs ible to determine from the responses to the 
hypothet ical scenarios whether values peak 
anywhere . In the case of pas sengers on commerc ial 
trips , it  is  encouraging to note that the two 
functions , actual and hypothe t ical , appear to agree 
reasonably wel l  for flows below about 15 , 000 cfs 
(Bi shop , et  al . ,  1 9 8 6 , Figure 5 . 2 ) . For pas sengers 
on private trips there is  less  argument ( B i shop , et  
al . ,  1 9 8 6 , Figure 5 . 3 ) . Finally , notwithstanding 
the l imitat ions in the data , the responses  to the 
hypothetical scenarios could have been pooled to 
obtain a s ingle , flow- dependent , s tat i s t ical model 
or pooled along wi th the actual trip re sponses  in 
order to obtain a formal , s tat i s t ical test of 
whether or not the two sets of responses were 
di fferent . 

Another set  of is sues  concerns the problem of  
extrapolating from the s tat i s tical models  based on 
the s amp le re sponses to the cont ingent valuation 
survey to the larger populat ions of  anglers and 
boaters  in the GCES s tudy area . (As already noted , 
for boating the s tat i s tical model was based on 
actual trip ques t ions ; for angl ing a flow- dependent 
value funct ion could be obtained only for the 
responses  to hypothetical flow scenarios . )  The 
samp le re sponses provide estimates of the value per 
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trip assoc iated with each type of flow regime . In 
order to e s t imate the total impact of a given 
regime , i t  is neces s ary to know the total number of 
trips , and als o  to be sure that the value per trip 
does  not vary among important segments of the 
recreat ion " market . "  

S tart ing with the latter po int , it  does not 
appear that the GCES researchers devo ted 
subs tantial e ffort to inves t igating whether the 
flow- spec ific values per trip vary with s ignificant 
attr ibutes of the individual respondents . There 
are two qual i fications to this blanket s tatement : 
( 1 ) in the case of  boating , separate value 
func tions were estimated for passengers on 
commercial and private trips , and these  differed 
s ignificantly ; ( 2 )  for both types of boat ing and 
for angl ing , the respondent ' s  actual expenses on 
his boat ing or fish ing trip were found to have a 
s ignificant pos i t ive impac t  on his will ingnes s  to 
pay for the trip . The latter result could be an 
indicat ion that market segmentat ion phenomena are 
occurr ing : respondents with higher incomes or 
l iving further away from the Grand Canyon (both of 
which could imply higher expendi tures )  may value 
their recreat ion experience there more highly ( in 
dol lars ) .  I f  this  is  so , it  would have been use ful 
to know i t  more explicitly . Moreover , it  is  
interes ting to compare the pres ent s tudy with an 
ear l ier ( 1 9 8 2 ) survey of recreational fishing at 
Lee ' s  Ferry by Richards et al . ( 19 8 5 ) . The earlier 
s tudy employed a different methodology - - the " trave l 
cos t "  method , as opposed to contingent valuation . 
In the present context the Richards et al . group 
was able to dis tinguish two types of  angler in 
the ir sample - - trophy fishermen and nontrophy ( or 
"meat " ) fishermen . Among the ir  3 , 500 respondents ,  
they class ified 2 7 . 5  percent as trophy anglers and 
7 2 . 5  percent as nontrophy . They estimated that the 
value of fi shing at Lee ' s  Ferry averaged about $ 3 8 0  
per trip ( in 1 9 8 2  dollars ) t o  the trophy anglers , 
and $ 2 7 0  per trip to the nontrophy angler ( the 
former made about eight trips per year , however , 
while the latter made only four trips per year ) . 
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By contrast ,  the GCES researchers did not observe a 
distinct i on between trophy and nontrophy anglers 
( in the atti tude survey , for example , 5 7  percent of 
the respondents c i ted "not  catching a trophy fish" 
as an attribute of  a poor fishing trip , while 6 3  
percent c i ted " not catching your l imit " ) ,  and the ir 
estimate of wi l l ingnes s  to pay per trip was $ 104 to 
$ 1 3 0 . G iven the deterioration in the fishery 
between 1 9 8 2  and 1 9 8 5 , as well  as the difference in 
research methodology , these  two s tudies  are not 
necessarily comparable . But , because there i s  now 
( 19 8 7 ) a requirement for artific ial lures at Lee s ' s  
Ferry , which may repel nontrophy anglers ,  it  would 
have been use ful to know if  there were dis tinct 
segments o f  the angler market with different 
flow - spec ific values . 

The total impact of any flow regime depends on 
the s ize and compos it ion of the recreationis t  
populat ion . In the case of boating the s ize of the 
recreationis t  population may no t be an is sue as 
long as the number of Nat ional Park Service permits 
is a binding cons traint . In the case of the 
fishery i t  is , because Arizona Game and Fish does  
not directly control entry . For fishing , the mode l 
of flow- dependent values needs to be supplemented 
by a mode l of partic ipat ion in the fishery . 

OPERATIONS 

The Operations appendix in the final integrated 
report includes ( in Section I I ) , a good discus s ion 
of the operat ing rules for annual ,  monthly , and 
hourly t ime periods ( al though i t  does  not always 
dis tinguish be tween phys ical/legal cons traints and 
pol i cy) . The first  GCES obj ective asks for the 
ident i ficat ion o f  adverse effec ts o f  current 
operations taking 1 9 8 2  as a base l ine ; whereas the 
Comm i s s ioner asks how the current operat ions affect  
the total r iverine environment . The latter is 
unclear as to whether any bas e l ine (predam or 
postdam) i s  intended . The former , in rais ing the 
issue o f  adverse e ffects , sets the s tage for value 
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j udgments . The confl ict is  further confused by the 
commi ttee ' s  observation that the GCES report is not 
cons is tent in maintaining 1 9 8 2  as a basel ine for 
identificat ion of adverse effects . 

The mos t  curious deficiency in the GCES final 
draft report ( July 19 8 7 )  is the incons is tency 
between the main body of the report and the 
ins t i tut ional analys is . A number of s ignificant 
adverse downs tream impac ts from the cons truction 
and operat ion of  the dam are identi fied by the 
sc ient i fic s tudies , but the ins t i tutional analys i s  
is  primar ily de s igned t o  explain why the bureau ' s 
operating policies  cannot be modified because of 
legal cons traints . The operation of Glen Canyon 
Dam is subj ect to legal cons traints , but the report 
fai l s  to distingui sh between external and 
s e l f - imposed cons traints . As the report reflects , 
management o f  the Colorado River is  dr iven by the 
specter of  a long - term drought , and the bureau ' s 
operating rules  for fill ing and schedul ing releas e s  
seek to guarantee that the agency can respond to 
downstream call s  dur ing a drought . In practice , 
the bureau has been ab le to fulfill  the primary 
obj ectives of s torage and del ivery and s t i l l  
generate large amounts of  power . The cons is tency 
be tween power generation and s torage and de l ivery 
has given the bureau the flexib i l i ty to schedule 
hourly , dai ly , and weekly releases is response to 
sys tem demand for power . As a resul t the GCES 
report b lurs important distinctions among different 
orders of cons traints that e ffec t  the operation of 
the dam . In turn , this  has led to an overly 
cons tricted discus s ion of  alternative operati ons 
s trategies . 

As s tated elsewhere in this  report ,  the bureau 
has more discret ion to alter dam operations for 
power generation than it does with respect  to its  
s torage and del ivery obl i gations . The GCES have , 
however , greatly contr ibuted to future s tudies o f  
the management o f  the Colorado River becaus e they 
show clearly how the " Law of the River " in fac t 
give s the bureau great discretion to manage the dam 
for power generat ion . 
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Another serious remaining deficiency is  Sect ion 
II I ' s  discus s ion of flood releases . This  
discus s ion is  l imited to the risk of floods given 
the as sumption that the J anuary 1 maximum s torage 
target of 2 2 . 6  mill ion acre feet is inviolate . 
That criterion is , o f  course ,  s imply a pol icy 
dec i s ion , which should have been subj ected to 
sens i t ivity analys i s . In the discuss ion it  is 
fre e ly admitted that the 2 2 . 6  criterion results in 
frequent spi l l s  ( 1  in 4 years ) .  

The logical next s tep that would be respons ive to 
Comm i s s ioner Broadbent ' s  charge to examine poss ible 
mod i fication to operating criteria would be 
s imulation o f  flood volume frequency and the 
like l ihood of meeting downs tream flow commitments 
resul t ing from various other January s torage 
cri teria . A rather s imple model developed by a 
reviewer , for example , agrees roughly with the 
frequency of sp ills  resulting from the 2 2 . 6  mill ion 
acre feet criterion but al so  predicts higher 
turb ine flows ( and revenue ) ,  fewer sp ills , and 
reduced flood peaks at lower January 1 s torage 
cr i teria . Because both economic and environmental 
benefits  ( fewer and smaller floods ) would result 
from addit ional flood s torage , it  is  difficul t to 
unders tand why changing thi s  policy was not 
examined . Thi s  i s  particularly surpris ing given 
the executive summary conclus ion in the July 1 9 8 7  
GCES Draft Report (page i i i )  that "we would 
recommend that flood releases be avo ided until the 
tolerable frequency can be better 
defined" - - implying that a 2 2 . 6  mill ion acre feet  
criterion should be reduced . 

Surely as part o f  a $ 6  mi l l ion re search program 
the tolerable frequency could have been defined . 
The exi s ting Bureau o f  Rec lamation s imulation mode l 
is c apable of calculating both the frequency and 
the vo lume of sp i l l s  as a funct ion o f  vari ous flood 
storage rules ; therefore no new model deve lopment 
was require d .  Vo lume is a much more important 
indicator than frequency because it different iates 
between a 0 . 1  mi l l ion acre fee t  sp i l l  and a 10 
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mill ion acre feet  sp ill . In future s tudie s ,  the 
vo lume as wel l  as frequency of spills should be 
analyzed . 

Economic/Environmental Tradeoffs 

The GCES executive summary recommendations imp ly 
that modified operations are feas ible 
( operat ionally)  and would result in des ired 
environmental benefits . The operations section , 
however , does no t support these recommendations by 
discus s ing the impac t of such changes on power 
produc tion and revenue and the availab i l i ty and 
cost of alternative power sources .  Nor does i t  
discus s the po l i t ical feas ib i l i ty o f  proposed 
changes . The report should have po inted out the 
impl ication of operational changes - - for example , an 
increase in minimum flow during the night wil l  
produce a corresponding dec rease in maximum flow 
dur ing the day and a s ignificant loss in revenue to 
the Colorado River S torage Proj ect ( CRSP)  due to 
reduc tion in short - term sale of surplus energy 
dur ing peak hours and perhaps event inab i l i ty to 
mee t  firm power contracts . 

Power in kilowatts of  capac ity is  proportional to 
the product o f  flow rate and head ( Q • H )  on 
turb ines . Total energy produced dur ing a 
particular month may be reasonably calculated as a 
func tion of  average flow s ince head from thi s  large 
( 2 5 mill ion acre feet )  reservo ir is  relative ly 
cons tant over a month . G iven a target monthly 
release and an ini t ial surface elevation , monthly 
energy can be calculated (kilowatt hours ) qui te 
independently of daily variations in flow because 
to tal vo lume released mus t  meet  the water del ivery 
target regardless  of diurnal variations . In the 
world of energy marketing , the time of day dur ing 
which energy is produced is cruc ial for the 
fol lowing reasons : ( 1 )  firm power contracts 
require a large frac t ion of  energy de liveries 
dur ing peak hours and ( 2 )  the opportunity to s e l l  
energy surplus t o  firm power contrac ts a t  much 
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higher prices occurs dur ing dai ly peaks - - no t at 
night . The operat ions report does  not discuss the 
imp l ication of the se  facts . For example , if  a 
pol i cy of much higher minimum flows were to be 
adop ted : ( 1 )  the exi s t ing firm power CRSP 
contracts could l ike ly no t be met ( there would be 
exc e s s  capac ity at night and inab i l i ty to meet firm 
contracts during dai ly peaks ) . ( 2 )  Costs to CRSP 
cus t omers would increase by perhaps 3 times the 
los t  revenue to CRSP because cus tomers of WAPA 
would have to meet  the peak per iod energy shortfal l 
with much more expens ive fos s i l  fuel plants . 

Although i t  was obvious ly not the intent of  the 
Bureau of Reclamation to produce a ful l - blown 
mul t i obj ective planning analys i s  wi thin the GCES 
re s earch program , i t  would have been very us eful to 
produce at least an order of magni tude estimate o f  
the impact  o n  revenue and on mob i l i ty t o  mee t  
long - term contrac ts of var ious leve ls of  change in 
minimum flows - - rather than s imply de ferr ing the 
que s t ion to a future s tudy while s imultaneous ly 
ne go t iating new 1 5 - year contracts . Otherwise , the 
scientific s tudies  remain outs ide of reservo ir 
management . 

In addi t ion to total costs ( lo s s es ) , the s tudy 
ne eds to del ineate how thes e  costs will be 
distr ibuted ,  i . e . , who wins and who loses . Will  
certa in economies be hit  hard? I s  adequate 
sub s t i tute energy available?  The answe rs to these  
que s t ions wil l  he lp determine the pol i t ical 
feas ib i l i ty of  any change s . 

Operat ional Cons traints and Po l ic ies  

Pr ior  to dis cus s ing alternat ive operat ing 
polic i e s  for Glen Canyon Dam , the phys ical  and 
legal cons traints , contrac tual c ommi tments , and 
current Bureau o f  Rec l amat ion opera t ing po l i c ie s  
should b e  clearly unders tood and different iated . 

Phys ical Cons traints : Phys ical cons traints conc ern 
ac tive s torage and power p l ant r e l e a s e s . 

Copyright © National Academy of Sciences. All rights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http://www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


- 1 04 -

Act ive S to rage : The Glen Canyon Dam c an s tore 2 5  
to 2 7  m i l l i on acre f e e t  depending upon whe ther 
radial gates are open or c l o s e d . Because 6 m i l l i on 
acre feet i s  inact ive s torage ( canno t be dra ine d 
from res ervo i r ) , 2 1  m i l l ion acre feet of act ive 
s torage is avai l able for management . 

Re lease s :  Power p lant releases are phys ically 
l imited at 3 1 , 5 0 0  c fs (now 3 3 , 1 0 0  after gene rator 
uprating ) . When ne ces sary , addi t i onal contro l l e d  
releases c an b e  made b y  opening the dam ' s r iver 
out lets , thereby adding 1 5 , 0 0 0  c fs , thereby 
to tal ing 4 8 , 1 0 0  cfs of controlled release 
capac i ty . Th i s  oc curs only when the dam s torage i s  
2 5  m i l l i on acre fee t  o r  greate r . 

Legal Constra ints : Le gal cons traints inc l ude the 
following : 

Yearly Re l e as e s : The Colorado R iver Compact 
requires de l ivery of water at the Compact Po int 
( j us t  below Glen Canyon Dam ) o f  7 5 . 0  m i l l ion acre 
feet for any 1 0  c ons ervat ive years . A sub s e quent 
Mex i c an Water Treaty adds an addi t i onal 0 . 7 5 
m i l l ion acre fe e t  o f  water to the uppe r  bas in 
s tate s ' release c ommi tments . S ub trac t ing the 0 . 0 2 
m i l l i on acre feet contribution o f  the Paria Rive r , 
wh i ch dra ins the upper bas in but enters the c anyon 
j us t  b e l ow Glen C anyon Dam , y i e l ds a 1 0 - year 
release commi tment of 8 2 . 3  m i l l i on acre fee t . 

Lake Powe l l  Active S to rage ve rsus Mead Ac t ive 
S torage : The C o l orado River Bas in Proj e c t  Act 
spe c i f ie d  that on S ep temb e r  3 0  of each year i f  the 
Lake Powe l l  act ive s torage is gre ater than the Lake 
Mead act ive s to rage then minimal releases greater 
than powe r p l ant c apac i ty ( 3 1 , 500 to 34 , 1 0 0  c f s ) 
equa l i z e  ac t ive s torage in both l ake s . 

Bureau o f  Reclamat i on Ope rat ing P o l i c ie s : The 
Bureau o f  Rec l amat i on has s e t  s everal s torage and 
r e l e a s e  obj e c t ives for operat ion . 
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Monthly S torage : The Bureau of  Reclamation 
operates Glen Canyon Dam in the fal l to try to 
reach a s torage of 2 2 . 6  mill ion acre feet  by 
January 1 and in the spr ing to try to reach a 
storage of  2 5 . 0  mill ion acre fee t  ( ful l )  by July 1 .  

Releas e s : Seasonally , the Bureau of Reclamation 
attempts  to provide a minimum release of 1 , 000 cfs 
in the nonboating season and 3 , 000 cfs in the 
summer . To the maximum amount pos s ible the BOR 
tr i e s  to release all water through the power plant . 

Las t ly , to reflect the demand for power and 
max imize power revenues ,  the Bureau of Reclamation 
max imizes  hourly releases from 7 : 00 A . M .  to 1 1 : 00 
P . M .  and minimizes them be tween 1 1 : 00 P . M .  and 7 : 00 
A . M .  subj ect  to o ther cons traints and obj ectives . 

Need to Focus on Glen Canyon 

Much o f  the material pre sented in the Operat ions 
appendix has to do with the revenue , cus tomers , and 
operation o f  the ent ire WAPA service area and i s  
there fore no he lp i n  analyz ing the operation o f  
Glen C anyon Dam . The Glen Canyon hydropower 
capac i ty i s  about 7 8  percent of the total CRS P 
capac i ty ,  but CRS P i s  a smal l fract ion of  WAPA . 
The ope rations report should have focus ed more on 
Lake Powe l l , or at leas t on the CRSP , in order  to 
deve lop us eful information on how much change in 
operat i on would affect  energy produc tion and 
ab i l i ty to mee t  CRSP firm power contracts . 

The bureau i s  subj ect to the power de l ivery 
obl i ga t i ons in the contrac ts be tween WAPA and i ts 
cus tomers , but power contrac ts l ike any o ther 
contracts  are subj ect  to modi fication . WAPA 
marke t s  power on bo th a long - and short - term 
bas i s . Short - term s ales can be adj us ted  to 
comp e t ing demands for the us e of the wate r . What 
i s  at s take are l o s t  power revenue s ,  not a l e ga l  
obl iga tion . Long - term contrac ts pres ent a greater 
cons tr a int , but they are subj ect to periodic 
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rene go t i a t i on and condi t ions that reflect  
ope rat i onal change s and c an be inc o rporated into 
the contrac t s . 

The balance b e tween power generat i on and o ther 
u s e s  of the r ive r i s  a comp l ex one , but the GCES 
rep o r t  doe s  no t contain a suff i c i ently 
s oph i s t icated d i s cus s ion of the cons traints to 
a l l ow an informed dec i s ionmaker to b a l ance the 
comp e t ing demands . A more de t a i l e d  d i s cus s ion o f  
the r e l a t i onship b e tween the propo s e d  change s and 
p re s ent and future WAPA marke t ing p o l i cy , as 
re flec ted in its contrac t s , is  e spec ial ly 
nec e s s ary . Power no t water de l ivery i s  the key to 
the ope rat i on o f  G l en Canyon Dam . 
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TilE ROLE OF MONITORING IN THE MANAGEMENT PLAN 

Monitoring i s  an integral part of resource 
management and provide s  a bas i s  for predic tion and 
proj ec t ion o f  resource charac teris t ic s . Management 
is based large ly on predic t i on or proj ection o f  
resource charac ter i s tics . Predi c t ion requires data 
to cal ibrate and to val idate mode ls  or expectations 
based on exper ience . The se princ iples apply to the 
Glen Canyon Darn and to as sociated uses of the 
Colorado River . 

The Colorado River from Glen Canyon to Lake Mead 
is in a cons tant s tate of change . The fill ing o f  
Lake Powe ll  caused a per iod of low , controlled 
flows . Apparently , the GCES s tudy plan assumed 
that flows would always be controlled to the s ame 
extent as they had been prior to the beginning of 
the s tudy . However , flows in 1 9 8 3 , the firs t 
high - water year after the f i l l ing of the reservo i r , 
demons trate the pos s ib i l i ty o f  reduced contro l  
fol l owing fill ing . In fact , more years o f  flood 
flows are certain in the future under present 
operational plans . 

I f  a management p l an i s  to be developed for the 
Glen Canyon Darn , the plan should be integrated with 
and based upon a sound unders tanding o f  the e ffec ts 
of operations on environmental resources . The 
predic t i ons o f  effe c t s  should be viewed as working 
hyp o the s e s  about river proces s e s ; the se hypothe s e s  
can be  tes ted b y  us e o f  moni tor ing data . 
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The moni tor ing program should inc lude a rapid 
research mobil ization plan for future high - water 
flows , so  that the sys tem responses  to the 
excep tional flows can be documented as they occur . 
The more knowledge we have o f  the Colorado River 
sys tem , the less  addi tional data wi l l  be required 
to ver i fy our knowledge . Even so , because 
dis charge through the Glen and Grand canyons is  
related to s tochastic sedimentary phenomena , 
perfect knowledge of  the sys tem would not yield 
perfec t predictions ; there wi ll always be s ome 
leve l of uncertainty . 

Dec i s ions about what to monitor and where or when 
to monitor should be integral parts  o f  the 
management plan for the future . Furthermore , a 
data management sys tem with a repo s i tory for the 
data in we l l - documented and retrievable form i s  an 
e s s ential feature of any management plan .  

Sediment i s  a maj or concern for recreational uses 
and fisheries  resources downs tream of  the dam . 
Format ion and eros ion o f  rapids , beaches , and 
r iparian vege tation are related to the sediment 
input , s torage , and movement through the canyon . 
Fisheries  are affected by current , which i s  in turn 
regulated in part by sediment dis tribution in the 
canyon . Sediment movement is determined by ( 1 )  the 
supply of sediment to the sys tem from the 
tributaries , and ( 2 )  water discharge . Thus , 
sediment input and water dis charge should be one 
maj or focus for monitoring . The sediment input 
w ill  vary from year to year , as the tributary flows 
vary . An asses sment o f  the sources o f  sediments , 
the vo lume s expec ted on the average from each 
source , and the uncertainty associated wi th each 
source are important subj ects for early focused 
analys is . Al location o f  effort can then be made in 
terms of  expected reduc tion of  uncertainty in 
as ses sment o f  sediment input . 

Very l i ttle  s ediment will come from the main 
Colorado River above the j unc tion with the Par ia  
and the Li ttle  Colorado , because sediment i s  
depo s i ted i n  Lake Powe l l . However , tributary 
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sources of sediment below the dam should be 
measured .  In addi tion , the poo ls and the ir scour 
and fill  should be moni tored . The following s ites 
should be continuous ly moni tored : Lake Powell  j us t  
above the dam , Par ia River , Little Colorado River , 
Kanab Creek , Colorado River at Bright Angel Creek , 
and Colorado River above Lake Mead . For logis tic 
purposes , as we l l  as for subsequent analys is , it 
makes sense to conduct biological measurements at 
thes e  po ints as wel l . 

S ediment inputs from the maj or tr ibutaries will 
move as waves through the Canyon . The Canyon reach 
j us t  downs tream from the Paria and the Little 
Co l orado will be in a continuous s tate of 
disequi l ibrium as i t  i s  alternately scoured by 
clear flows released from Lake Powell  and filled by 
sediment from the tr ibutaries . The length of this  
reach o f  disequil ibrium should be moni tored , and 
the movement o f  maj or waves through the Canyon 
should be tracked . The trans ient effec t  of the 
sediment waves on the growth and decay of beaches 
should be moni tore d , and bed s ediment dis tribution 
ups tream from , on , and downs tream from the s ediment 
wave should be de termined . These  data are 
nec e s sary for any geomorphic or hydrodynamic 
analys is of the interact ion of the beaches with the 
Rive r , particularly in the upper reaches of the 
Canyon . 

· 

Lake Powel l  should be monitored for temperature , 
water  qual i ty ,  and plankton near the dam . Vertical 
pro files  o f  temperature , oxygen , nitrogen 
phosphorus , and phytoplankton and zooplankton 
concentrations should be obtained at leas t on a 
monthly bas is , and might be further modified to 
inc lude sampl ing during unusual dam operations . At 
some po int the ques tion of mul tiple dam outlets i s  
almo s t  certain t o  ar ise . Wi thout the data base on 
Lake Powe l l , i t  will not be pos s ible to model the 
downs tream impact of changes in the temperature , 
nutrient content , and plankton compos i t ion o f  
outflow water . Additional moni toring should be 
planned at the discretion of  the sc ientific 
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leadership of the monitoring team in order to 
provide an adequate sc ientific bas is  for future 
dec i s ions . The moni toring program should inc lude : 

1 .  Sediment data from the temporary monitoring 
s i tes used during the GCES for continuity and from 
any additional s i tes cons idered necessary for 
comple tene s s . 

2 .  Beach depos i tion and eros ion , as related to 
the sediment s tored in and pas s ing through the 
r iver in the vic ini ty of spec ific beaches . 

3 .  Tracking of sediment waves which may be 
created by maj or inputs by the tributaries which 
are depos i ted in the channe l of the Colorado Rive r . 

4 .  Sys tematic samples of bed material , 
particularly in the reach of the Colorado River 
immediately downs tream from the Paria and Little 
Colorado , which wi l l  be in a s tate of  continual 
disequil ibrium . 

5 .  Transverses o f  bottom elevat ion indicative o f  
bed re s i s tance and pool scour and fill , plus any 
further transverses required for a geomorphic 
analys is  o f  the sys tem , independent of  the 
hydraul ic analys is . 

6 .  Transverses of fauna and flora . These should 
cons ider the transverses established during the 
s tudy for continui ty , but also should be 
coordinated with and should influence the location 
of the sediment transverses for completeness  of  a 
data set  at a cro s s - section . 

7 .  Fixed pho to s ites should be es tablished 
throughout the Grand Canyon so that the impac t o f  
maj or events can b e  recorded over time . 

Flows in the Glen Canyon- Boulder reach should be 
mode led for s tochas tic characteristics , so  that the 
probabil i ty of future sp i l l s  can be estimated . 
Thi s  informat ion can be used in as sess ing the 
pos s ible variat ion of outcomes assoc iated with 
different management plans . The s tochas tic 
character i s t ics  should include the effect of dam 
operation plans , ( and they should be used to 
provide a geomorphic overview of the sys tem and i t s  
response t o  di fferent regime s o f  flow . ) 
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An annual asses sment should be made of sediment 
input from the minor tributaries , and maj or events 
on a tributary should be inve s t i gated in de tail to 
determine its impac t  on the canyon downs tream from 
its s ediment input to the canyon . In particular , 
growth in s ize o f  rap ids and the rate o f  removal o f  
material from them should b e  monitored . 

The current method o f  operating the dam for 
conservation of water guarantees  that sp ills  wil l  
be a common occurrence i n  the future , unl ike the 
immediate pas t . A mob i l ization plan should be 
base d  on an as ses sment of data that would be 
espec ially use ful immediately after a maj or flood . 
The elevat ion o f  the water re sul ting from the 
larges t  flood of record should be e s t imated , and 
all transects should be extended beyond that 
elevation . The high - water mob i l ization plan should 
inc lude hypo theses concerning impacts , and 
moni toring o f  tho se  impacts should be ant ic ipated .  
Team members should be chosen in advance and the ir 
duti e s  during the high flow year should be 
deta i led , so that no t ime is  was ted in mobilization 
once the high flow event occurs . The apparent 
stre s s on sediment monitoring should not be 
interpre ted to prec lude the needed bio logical and 
botanical monitoring which are s trongly influenced 
by the sediment movement through the Canyon . Team 
members  should include hydraul icians , 
geomorphologi s ts , botanists , biologi s ts , and 
fisher ies sc ient i s ts who are famil iar wi th the 
transects sampled in the pas t , and who are prepared 
with a check l i s t  for where to go , what to do , and 
who to  c oordinate with . Such a de tailed procedure 
is an integral part of any monitoring plan under 
uncertainty , because i t  will he lp alleviate the 
expec t e d  confus ion and panic which resul ts from an 
unusual event . 

I t  c annot be s tr e s s ed too s trongly that de tailed 
under s t anding o f  the Grand Canyon ecosys tem 
require s a we ll - planned monitor ing program . 
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6 

APPLICATION OF ECOSYSTEM 
SCIENCE TO RIVER. KARAGEMENT 

Thi s  chapter i s  provided as a general guide l ine 
for the Bureau of Reclamation in the performance o f  
any future environmental s tudies which may be 
conduc ted on river sys tems . Environmental s tudies  
that are now e i ther required or expected prior to  
alteration or management o f  the natural environment 
often mus t encompas s large uni ts of the landscape . 
For reasons that have already been explained , i t  i s  
usually not real istic  to attempt t o  restrict  such 
environmental s tudies to the immediate vic ini ty o f  
the s truc ture or act ivity whose  effects are be ing 
cons i dered . Bo th theory and experience show that 
the effects o f  human intervention can be propagated 
wel l  beyond the immediate location where they first  
occur , and one o f  the firs t tasks of  those who 
would s tudy these e ffects is to define the 
boundaries  of the sys tem within which the effects  
can be expec ted . Logical boundaries  are  typ ically 
de termined by the tendency of the landscape to be 
divided into identifiable func tional uni ts that can 
be treated as ecosystems . Consequently , 
environmental s tudie s  are actual ly ecosys tem 
s tudies ,  and will  be mos t  e ffect ive i f  they are 
conce ived and des igned from the beginning as 
ecosys tem s tudies . 

Ecosys tem science i s  not very old , and thus does 
not show the s tab i l i ty of  approach or me thod that 
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is typ ical of more mature sc iences . However , a 
cons i s tent dis tinguishing feature of ecosys tem 
science is that it has as its  priori ty an 
unders tanding of sys tems , even though this  mus t 
sometimes be achieved by comb ining and integrat ing 
knowledge from dis c ip l ines that have not been 
previous ly very s trongly j o ined . Because ecosystem 
studies mus t identi fy and deal with any phys ical , 
chemical , or b iological phenomena that may govern 
the overall sys tem properties , a carefully 
cons i dered s tudy des ign is e s s ential . 

No formal protocol i s  used by ecosys tem 
scient i s ts in des igning ecosystem s tudies .  
However ,  the mos t  succes s ful s tudies  often 
incorporate many of the same princ iples . The 
committee has identified s ix such princ iples ,  which 
are presented below in a sequence that might be 
logical for appl ication to a managed r iver sys tem . 

LEARNING THE BACKGROUND 

I t  may s eem obvious that the persons who des ign a 
spec i f i c  ecosystem s tudy mus t  first as semble and 
as s imi late all  of the exi s t ing background 
information that is  relevant to the sys tem . Even 
so , poor use of background information is  often a 
crit i c al fai l ing of app l ied ecosys tem s tudies . I t  
is e s s ential that managers and adminis trators allow 
the de s i gners of such a s tudy t ime to make this  
preparation , and i t  i s  essential that the 
sc ienti s ts real ize the importance of background 
preparation . 

S tudy de s i gns often reflect defic iencies  of two 
different types in deal ing with the background 
information . Firs t , the de s igner of the s tudy may 
give exces s ive we ight to subj ects that are mos t  
fami l i ar .  The result may b e  a s tudy that 
emphas izes  biological phenomena but deals 
inadequately with the phys ical controll ing 
var iab l e s , or vice versa . The ful l range of  
background information on a particular s ite mus t be 
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the bas i s  for the s tudy des ign ,  and thi s  may 
require the s tudy de s i gner to call on outs ide 
expertise in some discip l ine s , and to give spec ial 
c ons ideration to unfamil iar disciplines . Maj or 
lakes , r ivers , or watersheds have typically been 
s tudi ed far more extens ively than might be apparent 
at firs t . Des ign of a s tudy without benefit of 
such background information is  ineffic ient , and may 
serious ly handicap a s tudy from the beginning . 

A second common type of de ficiency in background 
preparation has to do wi th the relevance or value , 
through comparison or analogy , of  previous s tudie s  
elsewhere . Very few management problems or 
ecosys tems are ent irely unique . A careful review 
o f  the sequence o f  events at other s i tes , or of the 
difficulties  and shortfalls  of previous s tudies at 
other s i te s , i s  l ikely to make the des ign of an 
ecosys tem s tudy both eas ier and more effec t ive . 

The background information that serves as a bas i s  
for s tudy des ign should b e  synthes ized a s  part of  
the rationale for a part icular s tudy des ign .  Th i s  
background document can then serve a s  a reference 
for members of the s tudy group . 

DEVELOPING CONCEPTUAL SCHEMES AND MODELS 

The proper role of mode l s  has been a subj ect o f  
controversy in eco sys tem science . The potential 
usefulne s s  of mode ls  seems obvious , especially 
given the pers is tent use of them in other 
di s c ipl ine s , such as economics or meteorology , that 
deal with sys tems cons i s t ing of large numbers of  
interac ting components . Taking thi s  princ iple to  
its logical extreme , some ecosystem sc ient i s t s  
fore saw as much as 2 5  years ago the need for 
quant i tative sys tems models . In the subsequent 
decades , the cons tructi on and use of these sys tems 
mode ls  have been extens ive ly explored . This per iod 
o f  exp loration has  revealed a number of fundamental 
problems that have impeded the development and 
app l icat ion of quant i tative models  of ecosys tems , 
inc luding exc e s s ive complexity , lack of real ism , 
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high cos t , and poor general appl icab i l i ty across  
sys tems . A s  a resul t of thes e  findings , ecosys tem 
s c i ence has now largely turned away from the 
deve lopment of quant itative sys tems models  as a 
uni fied approach for the s tudy of ecosys tems . 

Even though quanti tative sys tems model ing proved 
to be of  more l imited use than expected , ecosys tem 
studie s  s ti l l  pers is tently incorporate models . 
Perhaps the s tronge s t  tendency in current ecosys tem 
studies is to develop an overall conceptual scheme 
( sometimes called a mode l )  showing compartments and 
interactions between compartments for the sys tem . 
Thi s  conceptual scheme then serves as a bas is  of 
organization for s tudy of the ecosys tem . 
Subsequently , certain segments of this conceptual 
scheme are developed in a quantitative way wherever 
it is deemed appropriate and feas ible to do so . I f  
this approach i s  used , inves tments can be focused 
on the development of quantitative predictive 
capab i l i t i e s  for a few crit ical phenomena , rather 
than for the ent ire sys tem . This approach is much 
more economical and generally more re liable as a 
means of providing spec ific types of crit ical 
informat ion to managers or planners . 

The firs t vers ion of a conceptual scheme should 
be as complete as pos s ible . It is  logical to begin 
cons truct ing such a scheme by cons idering the l i s t  
o f  ab iotic factors that influence the l iving 
components of the sys tem . Linkages between these 
ab iotic factors and the biotic compartments are 
then e s tab l i shed , and biotic compartments are 
related to each o ther through food chains or other 
kinds o f  biotic interactions such as competition . 

Ident ification of compartments ,  part icularly 
within the l iving part of the sys tem , requires 
cons iderable  experience and ins ight . Compartments 
should lump species o f  organisms as extens ive ly as 
pos s ib l e  wi thout s acrific ing the ab i l i ty of  the 
scheme to resolve maj or properties  of the sys tem . 
For example , i t  i s  common in aquatic ecosys tems to 
treat phytoplankton , attached algae , and rooted 
aquatic plants as three compartments because the 
factors that regulate organisms in the s e  
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compartments di ffer cons iderably , whereas the 
fac tors that s eparate spec ies  within the s e  
compartments are more l ikely t o  be minor from the 
perspective of the ecosys tem . 

S IMPLI FYING THE CONCEPTUAL SCHEME 

Conceptual s chemes that portray al l compartments 
and suspected interactions in an ecosys tem are 
typically complex . It is  s carcely ever the case 
that t ime or financ ial resource s  allow a de tailed 
cons ideration of all compartments and all 
interactions . Fortunate ly , it  is  almo s t  always 
pos s ible to s impl i fy greatly the s cope of s tudy in 
l i ght of ( 1 ) the specific purposes for the s tudy , 
( 2 )  the known princ iples  applying to spec ific 
compartments and the ir interactions , and ( 3 )  the 
spec ific background informat ion on the s ite . 

For managed ecosys tems , the maj or bas is  of  
s impl i fication would be two s eparate but related 
l i s ts of factors : ( 1 )  a l i s.t of values ( or 
de s ignated uses , in regulatory j argon) and ( 2 )  a 
l i s t  of  management options or management 
imperatives . The des ignated use s  should be 
cons idered very broadly ; i . e . , they should include 
no t only the uses  directly connected to management ,  
such as  water supp ly or power production , but also  
other use s  that are  recognized by cus tom or by 
law .  In aquatic environments ,  the s e  o ther us e s  
typ ically inc lude the broad categories o f  
recreation and support for aquatic l i fe . In order 
to be of greates t  value in s impl i fying a s cheme , 
each of these  general categories of use needs to be  
defined as spec ifically as poss ible for  a 
particular s i te . For example , protection of 
aquatic l i fe typically can be s imp l i fied by 
ident i ficat ion of the aquatic l i fe clas s i ficat ion 
of a water body through the s tate regulatory 
agencie s , and recreat ional use s  can be identified 
by present and his torical use patterns . 

Management or deve lopment s chemes that mot ivate 
environmental s tudies  typ ical ly have some very 
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spec ific  direct effects . Although i t  is  often 
relatively easy to l is t  these e ffects , and to 
spec i fy their  proj ected magnitudes on the bas is  of 
engineering or planning s tudies ,  failure of  persons 
planning environmental s tudies to do so has often 
resul ted in inappropriate des i gns for the s tudy of 
managed ecosystems . 

When the des i gnated uses  and the expected range 
of management alternatives are cons idered in 
relat ion to the ecosys tem scheme , certain 
compartments and certain control pathways can be 
ident ified as having unques t ionable s igni ficance 
for the overall analys is of ecosystem responses  to 
management .  Thi s  subset of compartments and 
interactions form a s imp l i fied scheme that serves 
as a direct bas i s  for the des i gn of the s tudy . 
Such s impl ifications can result in the exclus ion o f  
large components of the sys tem , and thus allow the 
effort of the inves t i gators to be diverted toward 
spec ific goals . For example , i t  is well known that 
all natural sys tems contain microb ial decomposers . 
Some s tudies  o f  managed ecosys tems might require 
that thes e  decomposers be cons idered as part of an 
overall scheme des igned to analyze and forecas t the 
effe c t s  o f  management practices . For ins tance , 
enrichment of  a lake with nutrients raises its 
produc t ivity . Higher product ivity results  in the 
depos i t ion o f  greater amounts o f  organic matter in 
the deep waters of the lake , which in turn 
stimulates microb ial decomposers , resul t ing in 
accelerated oxygen deplet ion . Accelerated oxygen 
depletion i s  connected to benefic ial use s  of the 
lake because of its  potential e ffect on fisheries  
and internal nutrient cycl ing . In the case  of a 
river , however , s imilar connect ions to des ignated 
uses might not exis t .  A rise  in the productivity 
o f  a r iver may have numerous e ffects , but oxygen 
deple t ion through decompos i t ion is offs e t  by 
reaeration of the moving water except in the mos t  
severe ins tances  o f  enrichment . Consequently , a 
simp l i fied s cheme for such a sys tem might di sregard 
the microb ial decomposers , and thus focus on 
factors that are l ikely to be important to the 
des ignated uses . 
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The nece s s ity for s imp l i fying conceptual s chemes 
of eco sys tems i s  frequently disregarded . This 
shortcoming inevitably resul ts in the collection of 
data that cannot be used in any meaningful way to 
advance the understanding of the sys tem as a whole , 
and the omi s s ion of  data collection in some areas 
that are ab so lutely crit ical for an unders tanding 
of the sys tem . 

A corollary of  the s impl i fication proce s s  for 
ecosys tem s tudies is that the s taffing of such 
proj ects should no t be completed until  the final 
s impl ified plan is available . If the s taffing of 
proj ects occurs before the plan for s tudy of the 
sys tem has ful ly evolved , the proj ect wi ll almo s t  
inevitab ly be s taffed wi th an inappropriate mixture 
of expertise to answer the crit ical ques tions . 

CREATING A DATA COLLECTION PROGRAM 

The s impl ified sys tem s cheme indicates which 
compartments and which interactions have the 
highe s t  priority for s tudy . From this  b luepr int i t  
mus t  b e  de termined how much original information 
should be taken . Broadly speaking , the original 
information may be obtained in two different ways , 
wh ich may be termed descriptive and experimental . 
Where an interac tion between compartments i s  
suspected , but the nature of the interac tion is  
poorly known from previous experience or from the 
l i terature , an ideal approach would be 
experimental . In prac tice , however , the number o f  
experimental approaches that can b e  undertaken 
through a s ingle sys tem s tudy spanning a few years 
is quite low . The experimental approach is more 
certain to yield novel ins ight than descriptive 
s tudi es , but produces  results very slowly , and at 
great cos t . Consequently , the experimental 
component of ecosys tem proj ects mus t be focused 
very carefully on i s sues  that cannot be approached 
in any o ther way . Exper iments involving 
manipulation of sys tem components or of the entire  
sys tem wi thin the range ant ic ipated under future 
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management are l ikely to be the mos t  useful , but 
more fundamental experimental approaches may also 
be j ustified . 

Descrip tive s tudies are l ikely to form the bulk 
of informat ion that is both necessary and feas ible 
to collect for an ecosys tem s tudy that mus t be 
completed within a spe c ified amount of t ime on a 
moderate budget .  Description might include 
de termination of the kinds , abundance s , and 
di s tr ibutions of organisms , and of the means and 
amp l i tudes for critical environmental variables .  
For environments that have not been thoroughly 
s tudied , des c r ip tions of thi s  type , although 
unexc i t ing in concep t , may provide novel and 
reveal ing ins ights , e spec ially when cons idered 
together . However , i t  i s  e s s ential that the 
collection o f  descriptive data be motivated 
entirely by the system s cheme , and not by the 
convenience or precedence for certain types of data 
collection . 

Descriptive data collection frequently can serve 
as the bas is  for quanti tative approximation of 
effects and interactions . Many individual 
environmental processes have been s tudied to such 
an extent that they can be modeled quantitatively 
with reasonable confidence , particularly if 
adj us tments can be made to local conditions . 
Examples include product ion of plant b iomass in 

response to variation in nutrients , chemical 
changes in water in response to the presence of 
var ious kinds and dens i ties  of organisms , 
dose - re sponse relationships between organi sms and 
toxic subs tances , hab i tat requirements for certain 
categories  of organisms , and certain types of 
biot i c  interac tions . Frequently , model ing of this  
type i s  based on a few key p ieces of  informat ion , 
and the ecosys tem s tudy mus t cons is tently provide 
information of thi s  type as part of its  descriptive 
data base . 

The descriptive data collect ion program 
support ing an ecosys tem s tudy should have a common 
organizational bas i s  across  al l ecosys tem 
compartments .  For example , phys ical , chemical , and 
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biological s tudies should be coordinated in t ime 
and space because the ult imate aim is to use thes e  
data s e t s  in relation t o  each o ther . 

S tratified data collect ion schemes are frequently 
very useful in ecosys tem s tudies because they allow 
the inve s t i gators to cover adequately a range of 
di fferent temporal and spatial scales within the 
real i s t i c  l imits of resources that are available 
for a s tudy . For example , the spatial component of 
s tudies for a large ecosys tem might cons i s t  of 
three elements : ( 1 )  informat ion collected very 
frequently at a s ingle index s i te , ( 2 )  information 
collec ted less  frequently at a small number of 
important s i tes suspected of be ing different in 
s ome meaningful way , and ( 3 )  infrequent synoptic  
s tudies in which a few cri tical variables are 
measured at a large number of s tations . The same 
princ iple can be appl ied to the resolution of 
events on a temporal scale . 

Very few natural sys tems can be characterized in 
a s ingle year because o f  interannual var iation in 
various forc ing functions such as EL NINO weather 
events . Consequently , management should real ize 
that s tudies having a duration of less than 2 or 3 
years are not acceptable in many ins tances . At the 
same t ime , the re turn on information after 2 or 3 
years i s  slower , and it  is  often reas onable to 
reach conclus ions after this amount of time . Even 
s o , some categories of problems cannot be resolved 
in 2 or  3 years , and wi ll require commitment to 
long - term s tudie s  of  smal ler scope following the 
completion of the main e ffort . 

MAKING MID - COURSE ADJUSTMENTS 

Only a very poor ecosys tem s tudy would fai l to 
turn up sufficient nove l information about a sys tem 
to warrant changes in the s tudy plan .  
Consequently , mid - course correct ions should be part 
of  the plan itse l f . I t  would not be surpris ing i f  
20  to 2 5  percent of  the resources and effo r t  
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expended in the course of  the s tudy were directed 
toward problems that were not foreseen in the 
init ial s tudy des ign .  

Mid- course corrections require mid- course data 
evaluation . There is a s trong tendency for data to 
be collected in one s tep and analyzed in a second 
step . To some extent this may be inevi table 
because o f  l imitations on t ime and resource s .  
However , an effect ive system s tudy plan should 
incorporate a mechanism , such as an annual 
synthe s i s , that formal izes the requirement for data 
evaluat ion before the resources of the proj ect are 
entirely expended . 

EVALUATING AND SYNTHES IZING THE DATA 

Maj or amounts of t ime mus t  be budgeted for final 
evaluation and synthes i s  of informat ion . 
Typ ic ally , thi s  final evaluation and synthes i s  can 
occur in three s tages . Firs t , the information for 
individual components of the program , which are 
typ ically assoc iated with spec ific investigators , 
mus t be summar ized s tatistically and accompanied by 
a written interpretation of  the immediate and 
obvious conclus ions and trends that have emerged 
from the s tudy . It is  espec ial ly important here to 
point out in wri tten form departures from the 
expected or differences and s imilarities  in 
relation to other s imilar s tudie s . 

At a second leve l , components of the ecosys tem 
that can be unified or comb ined in a meaningful way 
with reference to the conceptual s cheme should be 
j oined . This  may occur by the applicat ion of a 
reco gnized type of s cheme , or by a less  
quan t i tative set  of interpretations where mode l ing 
is c ons idered unreal istic  or unnecessary . 

The final and mos t  crit ical phase of 
int e rpretation is  done at the level o f  the sys tem , 
and reflects  the ecosys tem s cheme as modi fied by 
expe r ience . At thi s  s tage , some final 
simp l ificat ion may occur if the studies have 
demons trated that certain l inkage s or compartments 
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cons idered ini tially to be of concern ac tually are 
no t . For the evaluation of management opt ions , for 
example , i t  is  often pos s ible to identi fy the mos t  
vulnerable or mos t  crit ical component o f  the 
sys tem , and to base much of the forecas t ing and 
interpretation on the behavior of this  component , 
which may then be the mo s t  important in setting 
l imits on management .  

Evaluation of an ecosys tem mus t cons i s tently be 
accompanied by the appropr iate degree of 
reservat ion , e spec ially where predictions are made 
outs ide the framework of experience , as in the case 
of  cons truc tion proj ects that have not yet occurred 
or manipulations that are not ye t in place . As a 
rule , the degree of  uncertainty in ecosys tem 
prediction is approximately the same as the degree 
of uncertainty that could be expected from 
predictions as soc iated wi th schemes that deal with 
national economie s  or with weather patterns . Like 
economic predictions and weather forecasts , 
eco sys tem forecas ts  are l ike ly to be mos t  
satisfac tory if  they are appl ied over a re latively 
short span of t ime and near the framework of 
experience . However , ecosys tem schemes , l ike 
economic and me teorologic s chemes , can be made more 
rel iable if they are adj us ted on the bas i s  of local 
experience . Consequently , an ecosys tem s tudy 
should be coupled to a long - term s tudy program 
based directly on the earl ier , more intens ive 
s tudie s .  
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Eas t , Univers i ty of Arizona , Tucson , Arizona 8 5 7 2 1 . 
Glen Canyon Environmental S tudies . GCES Report No . 
C - 2 . May 1 9 8 6 . 

20 . Glen Canyon Dam Release s  and Downs tream 
Recreat ion : An Analys i s  of  User Pre ferences and 
Economic Value s , by Richard C .  Bishop , Kevin J .  
Boyle , Michael P .  Welsh , Robert M .  Baumgar tner , and 
Pamela R .  Rathbun . Draft Final Report and 
Appendixes .- Heberle in- Baumgartner Research Service . 
November 5 ,  1 9 8 6 . 

2 1 . Reported and Observed Boating Accidents as a 
Funct ion o f  River Flows from Lee ' s  Ferry to Diamond 
Creek , Grand Canyon National Park- - Draft , by Cur t i s  
A .  Brown and Martha G .  Hahn - O ' Ne i l l . October 17 , 
1 9 8 6 . 

2 2 . An Analys i s  o f  Recorded Colorado River Boating 
Acc idents in Glen Canyon from 1 9 80 , 1 9 8 2 , and 1 9 8 4 , 
and in Grand Canyon for 1 9 8 1  through 1 9 8 3 . Final 
Report , Recreation S tudies of the Glen Canyon 
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Environmental S tudies , by A .  H .  Underhi ll , M .  H .  
Ho ffman , and R .  E .  Borkan , Cooperative National 
Park Resources S tudie s  Unit , Univers ity of Arizona , 
125  Biological Science s  ( Eas t )  Bldg . 43 , Tucson ,  
Ar izona 8 5 7 2 1 . GCES Report No . C - 1 .  July 1 9 8 6 . 

23 . Boating Acc i dents at Lee s  Ferry . A Boater 
Survey and Analys is  of  Acc i dent Reports . Draft 
Report , by Lawrence Bel l i  and Robert Pilk , National 
Park Service , Glen Canyon National Recreat ion Area . 
November 1 9 8 6 . 

24 . Uns teady Flow Mode l ing o f  the Releases from 
Glen Canyon Dam at Selected Location in Grand 
Canyon , by Jerold F .  Lazenby , Bureau o f  
Rec l amation , Final Report , October 9 ,  1 9 8 6 . 

25 . Sonar Patterns of  the Colorado River Bed in 
the Grand Canyon , by Richard P .  Wilson , U . S .  
Geo l ogical Survey , Tucson , Arizona . Prel iminary 
Draft - - Subj ect to Revis ion .  October 3 1 , 1 9 8 6 . 

26 . Aggradation and Degradation of  Alluvial Fan 
Depo s i ts , 1 9 6 5 - 1 9 8 6 , Colorado River , Grand Canyon 
Nat ional Park , Arizona , by Jack C .  Schmidt and 
Jul i a  B .  Graf . Draft Report , November 1 9 8 6 . 

27 . Aggradation and Degradation o f  Alluvial Sand 
Depo s its , 1 9 6 5 - 1 9 8 6 , Colorado River , Grand Canyon 
Nat ional Park , Arizona by J ack C .  Schmidt and Jul ia 
B .  Graf . Final Report , March 1 9 8 7 . 

28 . Topographic Surveys of Selected Sandy Beaches 
along the Colorado River in the Grand Canyon 
National Park - - Draft . Glen Canyon Dam Environmental 
Study , by Ron Ferrari , Bureau of Reclamation , 
Durango Proj ects Office . November 1 9 8 6 . 

29 . Sandy Beach Area Survey Along the Colorado 
River in the Grand Canyon National Park , by Ronald 
Ferrari . Execut ive Summary , Glen Canyon 
Environmental S tudies , Durango Proj ects Office , 
Bureau Qf Reclamation . December 1 9 8 6 . 
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30 . The Rap ids and Waves o f  the Co lorado River , 
Grand Canyon , Ar izona , by Susan Werner Kie ffer , 
U . S .  Geological Survey , Flagstaff , Arizona 86001 . 
Pre l iminary report submitted for review on October 
3 1 , 1 9 8 6 . 

3 1 . Sediment Data Col lection and Analys is  for Five 
S tations on the Colorado River from Lees  Ferry to 
Diamond Creek , Execut ive Summary , by Ernes t  L .  
Pemberton , Glen Canyon Environmental S tudies . 
Oc tober 2 7 , 1 9 8 6 . 

3 2 . Trends in Selected Hydraul ic  Variables for the 
Colorado River at Lee s  Ferry and near Grand Canyon , 
Arizona - - 1 9 2 2 - 1984 . U . S .  National Park Service . 
Final Draft , by Durl E .  Burkham . Oc tober 17 , 1 9 8 6 . 

3 3 . Debris  Flows from Tr ibutaries of  the Colorado 
River , Grand Canyon Nat ional Park , Arizona , Draft 
Report , by R .  H .  Webb , P .  T .  Pringle , and G .  R .  
Rink . September 11 , 1 9 8 6 . 

34 . Debris Flows from Tributaries o f  the Colorado 
River , Grand Canyon National Park , Ar izona , 
Executive Summary , by R .  H .  Webb , P .  T .  Pringle and 
G .  R .  Rink . Oc tober 14 , 1986 . 

3 5 . Sediment Transport and River S imulation Mode l , 
Technical Draft Report ,  by Curtis J .  Orvis and 
Timo thy J .  Randle ,  Bureau o f  Reclamation . Apr i l  
1 9 8 6 . 

3 6 . Sediment Transport and River S imulation Mode l . 
Execut ive Summary , by Curtis J .  Orvis and Timo thy 
J .  Randle ,  Hydraul ic Engineers , Bureau o f  
Reclamation , Denver , Colorado . November 1 9 8 6 . 

3 7 . Sediment Transport  and River S imulation Mode l , 
Final Report , by Curtis  J .  Orvis and T imothy J .  
Randle , Hydraul ic Engineers , Bureau o f  Reclamat ion , 
Denver , Colorado . J anuary 1 9 8 7 . 
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3 8 . Results and Analys i s  of S tars Mode l ing Efforts 
of the Colorado River in Grand Canyon- - Draft by 
Timothy J .  Randle and Ernes t  L .  Pemberton . October 
31 ,  1 9 8 6 . 

3 9 . Results and Analys i s  of S tars Model ing Efforts 
o f  the Colorado River in Grand Canyon . Executive 
Summary , by Timothy J .  Randle , Bureau of  
Rec l amation , and Ernes t  L .  Pemberton , Consulting 
Engineer .  November 1986 . 

40 . Results and Analys i s  of  S tars Model ing Efforts 
of  the Colorado River in Grand Canyon , Final 
Report , by Timothy J .  Randle and Erne s t  L .  
Pemberton . February 1987 . 

41 . Colorado River S torage Proj ect Cons traints and 
the Operation of  Glen Canyon Dam , Arizona , Draft 
Report , by David L .  Wegner , Glen Canyon 
Environmental S tudies , P . O .  Box 1811 , Flagstaff , 
Arizona 86002 . J anuary 1 9 8 7 . 

42 . Colorado River Water Law : I ts Development and 
Impact on the Operations of  Glen Canyon Dam , Draft 
Report , by David L .  Wegner , Grand Canyon S tudy 
Manager . December 1 9 8 6 . 

43 . Annotated Outl ine S ediment and Hydrology 
Sub team Report . Glen Canyon Environmental S tudies . 
January 30 ,  1 9 8 7 . 

44 . Sediment and Hydrology Draft Subteam Report . 
January 30 ,  1 9 8 7 . Bureau of  Reclamation , Salt Lake 
C i ty , Utah . 

45 . Biological Subteam Draft Report . J anuary 30 , 
1 9 8 7 . Bureau o f  Reclamation , Salt Lake C i ty ,  Utah . 

46 . Recreation Subteam Draft Report . February 18 , 
1 9 8 7 . Bureau o f  Reclamation , Salt  Lake C i ty ,  Utah . 

47 . A Synops i s  of  the His tory o f  Recreational 
River Running on the Colorado River in Grand Canyon 
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Nat ional Park , by Lauren Lucas , Glen Canyon 
Environmental S tudies .  February 4 ,  1 9 8 7 . 

48 . Longi tudinal -Vertical Hydrodynamics and 
Transport with Chemical Equil ibria for Lake Powel l 
and Lake Mead , by John Eric Edinger and Edward M .  
Buchak , J .  E .  Edinger As soc iates , Inc . , Wayne , 
Pennsylvania , and David H .  Merritt , Engineering and 
Research Center , Bureau o f  Rec lamation , Denver , 
Colorado . July 1 9 8 3 . 

49 . Development , Veri fication , and Use of  Methods 
to Mode l Chemical and Thermal Proces s e s  for Lakes 
Mead and Powe l l . Phase Ilia . Attachment . Computed 
Weekly C irculat ion 1974 . Prepared for United S tate s 
Department o f  the Interior , Bureau o f  Rec lamation , 
Engineering and Research Center , P . O .  Box 2 5007 , 
Denver , Colorado 8 0 2 2 5 . Prepared by Edward M .  
Buchak and John Eric Edinger , J .  E .  Edinger 
Assoc iates , Inc . , 3 7  Wes t  Avenue , Wayne , 
Pennsylvania 19087 . November 28 , 1982 . 

50 . Laterally Averaged Reservoir Mode l - - Lake 
Powe l l  and Mead ( LARMPM) Glossary of  Variables . 
Development , Ver i fication , and Use of  Methods to 
Model Chemical and Thermal Processes  for Lakes Mead 
and Powe l l . Phase V. Prepared for United S tates 
Department of  the Interior , Bureau of Reclamation , 
Engineering and Research Center , Denver , Colorado 
8 0 2 2 5 . Prepared by Edward M .  Buchak and John Eric 
Edinger , J .  E .  Edinger As soc iate s , Inc . , 3 7  Wes t  
Avenue , Wayne , Pennsylvania 19087 . November 8 ,  
1983 . 

5 1 . Laterally Averaged Reservo ir Model - - Lake 
Powe l l  and Mead ( LARMPM) Input Data Description . 
Deve lopment , Verificat ion , and Use o f  Methods to 
Mode l Chemical and Thermal Processes  for Lakes Mead 
and Powell . Phase V .  Prepared for United S tates 
Department of  the Interior , Bureau of  Reclamation , 
Engineering and Re search Center , Denver , Colorado 
8022 5 . Prepared by Edward M .  Buchak and John Er ic  
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Edinger , J .  E .  Edinger As soc iates , Inc . , 3 7  Wes t  
Avenue , Wayne , Pennsylvania 19087 . October 12 ,  
1983 . 

5 2 . Development , Verification , and Use of  Methods 
to Model Chemical and Thermal Processes  for Lakes 
Mead and Powe l l . Phase I .  Model Evaluation and 
Data Analys is . Prepared for United S tates 
Department of the Interior , Bureau of Rec lamation , 
Engineering and Research Center , Denver , Colorado 
8 0 2 2 5 . Prepared by Edward M .  Buchak and John Eric 
Edinger , J .  E .  Edinger As soc iates , Inc . , 37  Wes t  
Avenue , Wayne , Pennsylvania 19087 . April 1982 . 

5 3 . Deve lopment , Verification , and Use of Methods 
to Model Chemical and Thermal Processes  for Lake s 
Mead and Powe l l . Phase II . Analys is  and 
Deve lopment of Carbonate - Bicarbonate Chemical 
Subroutine . Prepared for United S tates Department 
of the Interior , Bureau of Reclamation , Engineer ing 
and Research Center , Denver , Colorado 802 2 5 . 
Prepared by John Eric Edinger , Ph . D . , and Edward M .  
Buchak , J .  E .  Edinger As soc iate s , Inc . , 3 7  We st  
Avenue , Wayne , Pennsylvania 19087 , and Joseph S .  
Norton , Ford , Thornton and Norton As soc . Ltd . , P . O .  
Box 9 2 7 , Vicksburg , Mi s s i s s ipp i 3 9 180 . June 28 , 
1982 . 

54 . Development , Verificat ion , and Use of Methods 
to Model Chemical and Thermal Processes  for Lakes 
Mead and Powe l l . Phase IV . Lake Powell  High and 
Low Level Comparat ive S imulations . Prepared for 
Uni ted S tates Department of the Interior , Bureau of  
Reclamation , Engineering and Research Center , P . O .  
Box 2 5007 , Denver , Colorado 8022 5 . Prepared by John 
Eric Edinger , Ph . D . , and Edward M .  Buchak , J .  E .  
Edinger As sociate s , Inc . , 3 7  Wes t  Avenue , Wayne , 
Pennsylvania 19087 , and Joseph S .  Norton , Ford , 
Thornton and Norton As soc . Ltd . , P . O .  Box 9 2 7 , 
Vicksburg , Mi s s i s s ipp i 3 9 180 . June 28 , 1982 . 

55 . Development , Ver ification , and Use of  Me thods 
to Model Chemical and Thermal Proces s e s  for Lakes 
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Mead and Powe ll . Phase IV . Lake Powe ll High and 
Low Level Comparat ive S imulations . Prepared for 
Uni ted S tates Department of the Inter ior , Bureau o f  
Reclamation , Engineering and Research Center , P . O .  
Box 2 5007 , Denver , Colorado 8 0 2 2 5 . Prepared by John 
Er ic Edinger and Edward M .  Buchak , J .  E .  Edinger 
As soc iates , Inc . , 3 7  Wes t  Avenue , Wayne , 
Pennsylvania 19087 . August 16 , 1983 . 

56 . Development , Ver i fication , and Use of Methods 
to Mode l Chemical and Thermal Proce sses  for Lake s 
Mead and Powe ll . Phase IIIB . Lake Powe l l  High and 
Low Leve l Comparat ive S imulations . Prepared for 
United S tates Department of the Interior , Bureau o f  
Reclamation , Engineering and Research Center , P . O .  
Box 2 5007 , Denver , Colorado 80225 . Prepared by John 
Eric Edinger and Edward M .  Buchak , J .  E .  Edinger 
As soc iates , Inc . , 3 7  Wes t  Avenue , Wayne , 
Pennsylvania 1908 7 . August 16 , 1983 . 

57 . Development , Veri fication , and Use of Methods 
to Mode l Chemical and Thermal Processes  for Lake s 
Mead and Powe ll . Phase Illb . Lake Mead LARM 
Setup , Ver i fication , and Resul ts and Analys is  o f  
Surface Discharge Case . Prepared for United S tate s 
Department of  the Interior , Bureau of  Reclamation , 
Engineer ing and Research Center , P . O .  Box 2 5007 , 
Denver , Colorado 80225 . Prepared by John Eric 
Edinger and Edward M.  Buchak , J .  E .  Edinger 
As soc iates , Inc . , 37 Wes t  Avenue , Wayne , 
Pennsylvania 19087 . June 20 , 1983 . 

58 . Deve lopment , Verification , and Use of  Methods 
to Mode l Chemical and Thermal Processes  for Lakes 
Mead and Powe ll . Lake Mead Phase Illb Chemis try 
S tudies . Prepared for United S tates Department o f  
the Inter ior , Bureau of  Reclamation , Engineer ing 
and Research Center , P . O .  Box 2 5007 , Denver , 
Colorado 8 0 2 2 5 . Prepared by John Eric Edinger and 
Edward M .  Buchak , J .  E .  Edinger Assoc iates , Inc . , 
3 7  We s t  Avenue , Wayne , Pennsylvania 19087 . July 
11 , 1983 . 
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5 9 . Development , Verification , and Use of  Methods 
to Mode l  Chemical and Thermal Processes  for Lakes 
Mead and Powe l l . Phase Ilia . Lake Powe ll LARM 
Setup , Ver ification , and Results . Prepared for 
United S tates Department of the Interior , Bureau of  
Rec lamation , Engineering and Research Center , P . O .  
Box 2 5007 , Denver , Colorado 80225 . Prepared by 
Edward M .  Buchak and John Eric Edinger , J .  E .  
Edinger As soc iate s , Inc . , 3 7  Wes t  Avenue , Wayne , 
Pennsylvania 19087 . November 28 , 1982 . 

60 . Glen Canyon Environmental S tudies  Draft 
Report . U . S .  Department of the Interior , Bureau of  
Reclamation , National Park Service , Fish and 
Wildl i fe Service . July 1 9 8 7 . 

TECIIRICAL REVIEW COIDIDITS ON GCES 

National Park Service Review Comments on the Glen 
Canyon Environmental S tudies . From Superintendent , 
Grand Canyon . To Proj ect Manager ,  Glen Canyon Dam 
Environmental S tudies . January 20 , 1 9 8 7 . 

Review o f  draft technical report , Glen Canyon 
Environmental S tudies - - BR .  From Field Supervi sor . 
To Dave Wegner , S tudy Manager , GCES , Bureau of  
Reclamation , Flagstaff , Arizona . January 8 ,  1 9 8 7 . 

Boating Acc i dents at Lees  Ferry : A Boater Survey 
and Analys i s  o f  Accident Reports by Gary Traub , 
U . S .  Coas t Guard ( G - BP - 1 ) . December 1 2 , 1 9 8 6 . 

A brief review o f  the Draft Report and Appendix , 
"Glen Canyon Dam Re leases  and Downs tream 
Recreation : An Analys is  of User Preferences and 
Economic Values . "  December 15 , 1 9 8 6 . From Robert K .  
Lanky , Chief ,  Divi s ion o f  Planning Technical 
Services .  

Review Comments - - Colorado River S torage Proj ect 
Cons traints and the Operation of  Glen Canyon Dam , 
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Ar izona ( David L .  Wegner ) .  From Superintendent , 
Grand Canyon . To S tudy Manager ,  Glen Canyon 
Environmental S tudies . 

Review Comments - - Colorado River S torage Proj ect 
Cons traints and the Operation of  G len Canyon Dam , 
Ar iz ona ( David L .  Wegner ) .  From Superintendent , 
Grand Canyon . To S tudy Manager , Glen Canyon 
Environmental S tudies . 

War ing and S tevens Glen Canyon S tudy Critique . R .  
Roy Johns on . December 9 ,  1 9 8 6 . 

Anderson and Ruffner Glen Canyon S tudy Critique . R .  
Roy Johnson . December 9 ,  1 9 8 6 . 

Pucherel l i  Glen Canyon S tudy Critique . R .  Roy 
Johnson . December 9 ,  1 9 8 6 . 

Bryan Brown ' s review o f  Larry S tevens ' and Gwen 
War ing ' s  final report . July 2 8 , 1 9 8 6 . 

Laur ie J .  Vitt ' s review o f  the herpetofaunal s tudy . 
November 20 , 1 9 8 6 . 

Martin M .  Karp iscak ' s review o f  " Impact o f  Pos t - Dam 
Flows on Wes tern Honey Mesquite and Catc law Acac ia  
in  Grand Canyon , Ar izona . "  December 2 ,  1 9 8 6 . 

J .  Collins ' review o f  the draft technical report , 
" Herpetofauna in ripar ian hab i tats along the 
Colorado River in Grand Canyon National Park" by P .  
L .  Warren and C .  R .  Schwalbe

,
. December 1 ,  1986 . 

Lewis  H .  S tolzy ' s review o f  " Effects o f  Pos t - Dam 
Flooding on Riparian Subs trates ,  Vege tation , and 
Invertebrate Populations in the Colorado River 
Corr idor in Grand Canyon , Arizona " by S tevens and 
War ing . November 20 , 1 9 8 6 . 

T .  T .  Kozlowski ' s  review o f  " The Effects by Recent 
Flooding on Ripar ian Plant Estab l ishment in Grand 
Canyon" by War ing and S tevens . November 24 , 1 9 8 6 . 
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Michael Pucherel l i ' s  review of  a report prepared by 
Nancy Brian . March 17 , 1986 . 

Nancy Brian ' s review o f  a report prepared by 
Michael Puchere l l i . March 19 , 1 9 8 6 . 

Donal D .  Hook ' s review on the Waring and S tevens 
report on revegetation along the Colorado River . 
December 2 ,  1 9 8 6 . 

Review comments from Beth Manna , Martha 
Hahn - O ' Ne i l l , C .  Hunter , P .  R .  Krausman , and R .  D .  
Ohmart o f  a report entitled , "Nesting Hab i tat 
Relationships of Ob ligate Ripar ian Birds Along the 
Colorado River , Arizona . "  

Timothy J .  Randle ' s  review of  the report " The 
Rap ids and Waves of  the Colorado River , Grand 
Canyon , Arizona" by Susan W .  Kieffer . J anuary 2 ,  
19 8 7 . 

Erne s t  L .  Pemberton ' s  review of the report " The 
Rap i ds and Waves of  the Colorado River , Grand 
Cany on , Arizona" by Susan W .  Kieffer . December 3 ,  
19 8 6 . 

Erne s t  L .  Pemberton ' s  review o f  the report " Sandy 
Beach Area Survey Along the Colorado River in the 
Grand Canyon National Park . December 12 , 1 9 8 6 . 

T .  C .  Pierson ' s review o f  the report " Debris flows 
from Tributar ies  of the Colorado River in Grand 
Canyon by R .  H .  Webb , P .  T .  Pringle , and G .  R .  
Rink . September 11 , 1 9 8 6 . 

Edward M .  Hallenbeck ' s  review of  " Evaluation of  
Var i e d  Flow Regimes on  Aquatic Resources of Glen 
and Grand Canyons . "  January 8 ,  1 9 8 7 . 

Charl e s  Lis ton ' s review of  " Cladophora Glomerata 
and I ts D iatom Ep iphytes in the Colorado River 
Through Glen and Grand Canyons : Dis tribution and 
Des iccation To lerance . "  J anuary 1 2 , 1 9 8 7 . 
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Gerald A .  Cole ' s  review of L .  R .  Haury ' s  paper on 
the " Zooplankton of the Colorado River"  ( GCES 
Report No . B - 10 ) . J anuary 11 , 1 9 8 7 . 

Lynn R .  Kaeding ' s  review comments on the GCES draft 
technical report .  December 16 , 1986 . 

Ac ting Field Supervisor ' s  review of  the Colorado 
River Water Temperature Model ing Below Glen Canyon 
Dam by Ron Ferrar i . December 3 ,  1 9 8 6 . 
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APPENDIX B 

BUBIAU Of RECIMATIQR DOCUMENTS 

1 .  Grand Canyon Dorries , Inc . , e t  al . ,  Appellants 
v .  Ronald H .  Walker , Director , National Park 
Service , et al . ,  Appe llees , No . 7 3 - 18 5 3  

2 .  Letter , Bureau o f  Reclamation ( BOR) 
Commi s s ioner Robert M .  Broadbent to BOR Salt Lake 
C i ty Regional Director , December 6 ,  1 9 8 2  

3 .  Letter , BOR S a l t  Lake C i ty Regional Director 
C l ifford I .  Barrett to BOR Commis s ioner Robert M .  
Broadbent , April  1 5 , 1 9 8 3 , " Exhib it One " 

4 .  Internal BOR Memo
·
, July 1 8 , 1 9 8 3 , " Exhib it  Two " 

5 .  Le tter , BOR Glen Canyon S tudy Manager Dave 
Wegner to She i la David ,  National Research Counc i l , 
October 24 , 1 9 8 6  

6 .  Le tter , BOR S a l t  Lake City Regional Director 
Clifford I .  Barrett to BOR Commi s s ioner , December 
12 , 1 9 8 3  

7 .  Le tter , BOR Act ing Commis s ioner t o  BOR Salt 
Lake C i ty Regional Director , January 30 , 1984 , 
"Exhib i t  Three " 

8 .  BOR Document , "Agency Prior ities for the Glen 
Canyon Environmental S tudies " 
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9 .  BOR Document , " Decis ion Proce s s  Used to 
Determine Probable S tudies for the Glen Canyon 
Environmental S tudies  Effort "  

10 . BOR Document , " Glen Canyon Integration Te am 
Biographical Ske tche s "  

11 . BOR Document , " Glen Canyon Environmental 
S tudies Review Proces s "  
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1 

GRAND CANYON DORRIES , INC . , ET AL . , APPEllANTS 

V. RONALD H .  WAI..KER , DIRECTOR , NATIONAL PARK 

SERVICE , ET AL . , APPEI..I..EES ,  NO . 7 3 - 1853 
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GRAND CANYON DORRIES , INC . , et al . , 
Appellants , 

v .  

RONALD H .  WALKER , Director , National 
Park Service , et al . ,  Appellees . 

No . 7 3 - 1 8 5 3 . 

Uni ted S tates Cour t o f  Appeal s ,  
Tenth C ircuit . 
Aug . 2 0 , 1974  

Operators o f  commercial float trips on  Colorado 
Rive r below Glen Canyon dam brought ac t ion agains t 
var ious federal officials seeking declaratory and 
inj unc tive re l ie f  concerning discharge o f  water 
from dam . The United S tates D i s tr i c t  Court for the 
D i s tr i c t  o f  Utah , Aldon J .  Anderson , J . , denied 
rel ief , and plaint iff appealed . The Court of 
Appeals ,  Seth ,  C ircuit Judge , he ld that even i f  
contrac tual ob l igations arose from plainti ffs ' 
concess ion lic ens es inj unc t ive rel ief  was not 
available in a contrac t ac tion and that applicat i on 
o f  Nat ional Environmental Po l i cy Ac t to ongo ing 
operation of dam was no t ripe for j udic ial 
de termination in ab sence o f  any admini s trat ive 
de termination on the matter . 

Affirmed . 

1 .  United States 74 ( 7 )  
�ven i f  there were impl ied in concess ion l icens e s  

granted operators o f  commerc ial float trips on 
Colorado River below Glen Canyon dam contrac tua l 
rights concerning re lease of water from dam , 

1 .  The maximum penalty which could have been 
imposed upon the de fendant was a prison term o f  no t 
more than 1 5  years and a fine of no t more than 
$ 2 5 , 000 , or both . 2 1  U . S . C .  § 84l ( b ) ( l ) (A) . 
the three - year spec ial parole term was required by 
21 U . S . C .  § 84l (b ) ( l ) (A) . 
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inj unctive rel ie f , in nature of  spec i fic 
performance , was not available agains t the 
government in the contrac t action ; operator ' s  
reme dy l ay in an act ion for damages before the 
appropriate tribunal . 

2 .  Health and Environment 25 . 5  
Al though subj ect of  re troactive appl ication of  

the National Environmental Pol icy Act is  not a 
matter entirely within agency discre tion , it  is  a 
matter which mus t be determined in the first 
ins tance by the agency . Nat ional Environmental 
Po licy Act of 1 9 6 9 , § 2 et seq . , 42 U . S . C . A .  
§ 4 3 2 1  e t  seq . 

3 .  Health and Environment 25 . 10 
I s sue whe ther National Environmental Po licy Ac t 

required preparation of  environmental impact 
s tatement in connect ion with continuing operation 
of Elen CanynL dam was not ripe for dec i 3 ion ,  in 
sui t by operators of  commerc ial float trips on the 
Colorado River below the dam complaining that 
intermittent reduc tion in volume of water released 
interfered wi th safe conduct o f  float trips , where 
ne i ther the Department of the Interior nor any o f  
i ts subordinate agenc ies had ever cons idered , let 
alone dec ided , whether the National Environmental 
Pol icy Ac t app l ied to the cont inuing operation of  
the dam . National Environmental Policy Act of 
1969 , §§ 2 et seq . , 102 , 42 U . S . C . A .  § §  
4 3 2 1  e t  seq . , 4 3 3 2 . 

---------- · -----------

Cons tance K .  Lundberg , Salt Lake C i ty ,  Utah ( Owen 
Olp in , Salt Lake C i ty ,  Utah , with her on the 
brie f ) , for appel lants . 

Robert L .  Klarqui s t , Atty . , Dept . of  Jus tice , 
Washington , D . C .  (Wallace H .  Johnson , As s t . At ty . 
Gen . , C .  Ne lson Day , U . S .  Atty . , and George R .  
Hyde , Atty . , Dept . o f  Jus tice , with him on the 
brie f ) , for appel lees . 
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Before S ETH and HOLLOWAY , Circuit  Judges , and 
TALBOT SMITH , *  Dis trict Judge . 

S ETH , C i rcuit  Judge . 
The several appellants are operators of  

comme rc ial float trips o n  the Colorado River below 
Glen Canyon Dam . They appeal the dismissal o f  
the ir ac tion for dec laratory and inj unc tive re l i e f  
aga ins t the Secre tary o f  the Interior and var ious 
named offic ials of the Bureau of Reclamation and 
the Nat ional Park Service . The gist  of  the ir 
complaint is that the ongo ing operation o f  Glen 
Canyon Dam and particularly the intermittent 
reduc tions in the vo lume of water released below 
the dam inte rfere with the safe conduc t of  the 
plaint i ffs ' float trips . Such interference i s  
claimed t o  be a continuing breach of  the 
contrac tual rights allegedly impl ied in the 
concess ion l icense s  which the plaint i ffs have been 
granted by the National Park Service . The 
pl aint iffs ' more serious content ion , however , is  
that the cont inuing ope ration o f  Glen Canyon Dam is  
a maj or  federal act ion " s ignificantly affecting the 
quality o f  the human environment , "  and therefore 
the National Environmental Po l icy Ac t ( NEPA) 
requires the preparat ion of a detailed 
environmental impac t s tatement . 42 U . S . C .  § 
4 3 2 1  e t  seq . 

[ 1 ]  Cons ider ing the contrac tual c laims firs t , we 
find that the plaint i ffs are in e ffect seeking 
spec ific performance of the Government ' s  alleged 
ob l i gations . Even i f  it  were as sumed that such 
obl igations do arise from the plainti ffs ' 
concess ion l icense s , the court could not grant the 
re l ie f  reques ted . As we remarked in Nat ional 
Hel ium Corp . v .  Morton , 486  F . 2d 9 9 5  ( lOth C ir . ) :  

"We have ful ly cons idered the Supreme Court case s 
which prohib it  inj unc tive re l i e f  agains t 
governmental officers on account of  the ir 
upholding the rights o f  the government ar is ing 

* Of the Eas tern Dis trict of Michigan , s i tting by 
des ignat ion . 
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under a contrac t .  Such a suit i s  dis t ingui shed 
by the Supreme Court from actions seeking 
compensation for an alleged wrong and are 
regarded as actions agains t the sovere ign to 
which there has no t been consent . "  

Inj unct ive re l ief  agains t the Government is  not 
available in a contract ac t ion such as this , and 
the plaint iffs ' remedy l ies  in an act ion for 
damages before the appropriate tr ibunal . See 
Larson v.  Domes tic and Fore ign Commerce Corp . , 3 3 7  
U . S .  6 8 2 , 6 9  S . Ct .  145 7 , 9 3 L . Ed .  1 6 2 8 . 

The potential appl ication o f  NEPA to the ongo ing 
operation of a dam planned and cons truc ted prior to 
pas s age o f  the Ac t could be a subs tant ial is sue , 
but i t  i s  not properly before us . 

I t  is  readi ly apparent that both NEPA and the 
Guide l ines promulgated thereunder re ly heavily on 
agency ac tion to achieve the ir stated obj ectives . 
Wh i l e  the ac tion itself  is mandatory , the 
cons iderations and obj ectives are s tated only in 
general terms . Thus it is  also apparent that great 
re l i ance is placed on the proper exerc ise of  
adminis trative discretion and the good faith 
efforts o f  each agency . For thi s  reason the 
agenc ies  are given latitude in we ighing the 
environmental fac tors to be cons idered in the ir 
dec i s ions . As the provi s ions in the Guide l ine s and 
the Departmental Manual i l lus trate , this lati tude 
exis t s  also with respect to proj ec ts unde rtaken 
before pas sage o f  the Ac t .  

[ 2 ] I t  i s  obvious that the subj ect o f  the 
retroac tive applicat ion o f  NEPA is no t a matter 
ent irely within agency discret ion . What we do 
recognize i s  that the matter mus t be de te rmined in 
the firs t ins tance by the agency undertaking or 
operating the proj ect . It is  prec isely this 
adminis trative de terminat ion which has no t been 
made in this case , and for this reas on the basic 
i ssue i s  not pres ented , and we mus t affirm the 
dismi s sal . 
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[ 3 ]  In reviewing the record we find ne ither 
allegation nor evidence the re in that the Department 
of  the Interior or any o f  its subordinate agenc i e s  
has eve r cons idered , let  alone dec ided , whether 
NEPA app l ies to the cont inuing operat ion of Glen 
Canyon Dam . Nor i s  there allegat ion or evidence 
that the p lainti ffs have reques ted the Department 
to cons ider the ques tion . Dur ing oral argument the 
plaint i ffs alluded to a number of  informal 
conversations wi th various Department offic ials . 
Even i f  the record we re to re flect the se 
conversat ions , they would still  be insuffic ient to 
es tab l i sh the Department ' s  pos it ion . 

At thi s  po int the court and even the plaint i ffs 
can only speculate at the pos i t ion the Department 
might ul timately take . I t  is pos s ible that after 
reviewing the s i tuation the Department might dec i de 
that an impac t s tatement is  feas ib le and neces sary ,  
and that i t  is  prac ticable to comply ful ly wi th 
sect ion 102 . On the othe r hand , it  may decide tha t  
b y  thi s  time i t  would b e  unreasonable and 
imprac ticable to recons ider the operation . In any 
event whatever course the Department takes , 
j udic ial review mus t await its ac tion . I t  i s  the 
Department which mus t in the firs t ins tance 
as semble and we igh the fac tors relevant to whe ther 
and how NEPA should be appl ied to the operat ion o f  
the dam . Only which i t  has exerc ised the broad 
discretion conferred by the Ac t and the Guide l ine s 
will the is sues  be ripe for j udic ial de terminat ion . 

We have cons idered the cases ar is ing under NEPA 
in thi s  Circui t and many o f  those  ar is ing in o ther 
C i rcuits . In every ins tance there i s  spec ific  
agency ac tion or a dec is ion that has been the 
subj ect for review , even i f  it was only a 
de termination that the particular ac tion was not 
subj ect to the requirements o f  NEPA . See , for 
example , Wyoming Outdoor Coordinating Counc i l  v .  
Butz , 484 F . 2d 1244 ( lOth C i r . ) .  We have no such 
ac tion or dec is ion before us to review in this  
case . 
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The problem before us can appropriately be 
characterized as one of ripeness . We believe this 
case closely parallels those in which the agency 
action for which review is sought is not 
sufficiently formalized to be appropriately 
considered by the courts . The Supreme Court 
expres s ed the controlling considerations in Abbott 
Laboratories v .  Gardner , 3 8 7  U . S .  1 3 6 , 8 7  S . Ct .  
1507 , 1 8  L . Ed . 2d 6 8 1 :  

"Without undertaking to survey the intricacies 
of the ripeness doctrine it is fair to say that 
its basic rationale is to prevent the courts , 
through avoidance of premature adj udication , from 
entangling themselves in abstract disagreements 
over administrative policies, and also to protect 
the agencies from j udicial interference until an 
administrative decision has been formalized and 
its effects felt in a concrete way by the 
cha llenging parties . "  

Although the facts of this cas e differ 
subs tantially from those in Abbott Laboratories ,  
the considerations s et forth therein apply equally 
well here . Judicial action at this point, without 
a decision by the Department whether NEPA will be 
applied would be premature and would perhaps 
frustrate the very purposes of the Act . The 
opportunity s hould be first afforded the Department 
to uti 1ize the procedures s et forth in its 
departmental manual and to make its initial 
independent determination of the extent to which 
NEPA s hould be applied . Until that determination 
has been made , or the Department has in some 
formali z ed manner indicated its refusal to make it , 
the case is inappropriate for j udicial 
cons ide r ation . 

Affir med . 
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LE1TER , BUREAU OF RECLAMATION ( BOR) 

COMMISSIONER ROBERT K. BROADBENT TO BOR 

SALT LAKE CITY REGIONAL DIRECTOR , 

DECEMBER 6 ,  1982  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

R i ve r  and  Dam Managemen t :   A  Rev iew  o f  t he  Bu reau  o f  Rec lama t i on ' s  G len  Canyon  Env i ronmen ta l  S tud ies
h t t p : / /www.nap .edu /ca ta log .php? reco rd_ id=18926

http://www.nap.edu/catalog.php?record_id=18926


Ill IU'I.Y 
IUD tO: 150 

-151-

United States Department of the Interior 
BUREAU OF RECLAMATION 'N.tl'ER Wffl81 l'eflfftl R:I!BefteM B!IW'I61 

WASHINGTON, D.C. 20240 

DEC  6 1982 

Memorandum 

DtC 1.2 '82 
O.• '" 

To : Regional Director, Salt Lake City, Utah .... Canesp. -
0.. � -- - ···· · 

From: Commissioner 

Subj ect : Uprating and Studies of Operational Alternatives--Glen Canyon 
Powerplant--Colorado River Storage Proj ect (CRSP) 

We have reviewed the proposed final Environmental Assessment/Finding of 
No Significant Impact (EA/FONSI) transmitted with your letter of 
October 27 , 1982 . 

While we concur with your analysis of the potential environmental 
consequences of the proposed uprating and alternative courses of 
action , any decision by you to initiate the uprating program should 
take into account the following guidance : 

1 .  The evidence presented indicates that the uprated 
generators are still economically viable if used only during 
maintenance activities or during emergencies and would provide 
greater flexibility even without any changes in current operat
ing criteria . Consequently, the additional plant capacity 
resulting from the uprating wi ll be restricted to present 
maximum water releases ( 31 , 500 ft 3 /s) from the powerplant . 
This restriction on operation of the uprated generators will 
remain in e ffect unti l  a decision process with appropriate 
NEPA compliance , has been completed on a long-term operating 
criteria for Glen Canyon Powerplant . 

2 .  Studies wi ll be undertaken on the current operation of 
Glen Canyon Dam to see how the present f low patterns impact 
upon the total riverine environment in the Grand Canyon and 
how various low-flow periods affect rafting and the fisheries 
resources in the river . We anticipate that these studies will 
evaluate various low-flow patterns, such as , 1 , 000 , 3 , 00 0 ,  
4 , 000 , 5 , 000 , and/or 8 , 000 ft 3 ts . W e  also anticipate tha� 
you wi ll evaluate fluctuating patterns as well as periodic high
t low periods to see if there is a point where high flows 
materially affect beach erosion , recreation , and fisheries. 
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To : Regional Director , Salt Lake City , Utah 

We concur with your initiation of the following studi e s :  

a .  Sediment transport-beach erosion studies below 
Glen Canyon Dam through the Grand Canyon . 

b. Biological studies to determine what impacts are 
occurring based on the above sediment transport studies . 

c. Environmental studies of the effects of the present 
and historic operation of Glen Canyon Dam on the vegetat i on ,  
wildlife , fishery, recreati on , and other environmental 
resources of the Grand Canyon . 

These studies are to be conducted as a cooperative effort wi th 
the National Park Service (NPS) , with the �ureau providing the 
funding , and being the lead agency. Other appropriate Federal 
and non-Federal agencies should also be requested to parti cipate 
with the NPS and the Bureau in the above studies. We will 
need the assistance of the Fish and Wildlife Service in certain 
of these studies and a copy of this letter is being sent to the 
Director of the Fish and Wildlife Service to alert that agency 
of our decision and the need for its assistance . 

3. In conjunction with these studies , you should undertake an 
analysis of potential alternative operatinl criteria ,  consistent 
with CRSP requirements, to see if there are feasible alternatives 
to our present operating criteria that will address the many 
concerns raised on our uprating environmental assessment .  Should 
alternatives that meet the above criteria be identified, an 
environmental impact statement should be prepared . This would 
lead to a decision process to determine appropriate long-term 
operating criteria for Glen Canyon Powerplant . 

�tkJ'II· � 
Concur : 

National Park Service 

Water Resources 
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3 

LETTER , BOR SALT lAKE CITY REGIONAL DIRECTOR 

CLIFFORD I .  BARRETT TO BOR COMMISSIONER ROBERT K .  
BROADBENT , APRIL 1 5 , 19 8 3 , " EXHIBIT ONE" 
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Memorandum 

To : CollDIIiss ioner 

From: Regional Director 

-1 54-

�P R- 1 5  1983 

Subj ect: Program of Uprating Generators at Glen Canyon Powerplant and 
Studies of Environmental Impacts in the Grand Canyon 

We have awarded a contract for the generator uprat ings at Glen Canyon Powerplant 
and are proceeding with environmental s tudies of the Grand Canyon as discussed 
in your letter of December 6 ,  1982. These studies are being undertaken to  
determine how the current operation of  Glen Canyon Dam and the resulting flow 
pat terns affect the total riverine environment in the Grand Canyon and how low 
flow periods affect rafting and the fishery resources in the river.  

At tached is a draf t program flag action document which displays the signif icant 
studies ,  timing , and cost in relationship to the actual uprate program. 

There are three basic components into which our overall effort has been divided ; 
these components consist of a sediment transport  and beach erosion study , a 
biological analysis , and a recreational study . These three components, although 
being handled separa tely , technically are significantly interrelated • .  Because of 
the high degree of interrelationships especially in regard to canyon access for  
bas ic data , we are  planning to  assign a full time s tudy manager to  ensure 
maximum efficiency in data collection and that the obj ective of the program is  
met .  

Work on the sediment transport component has been coordinated by this office and 
involves the Sedimentation Branch; E&R Center,  the Tucson District Office , U . S .  
Geological Survey , and our Durango Proj ects Off�ce. The U . S .  Geological Survey 
will be the primary data collection group and should commence field work in June 
1983 . I t  is expected that the data collection effort will continue for about 1 
year at a cost of about $750 , 000. Analysis of the samples together with cali
bration of a sediment transport model and actual modeiing of the canyon will be 
accomplished by the E&R Center which will br ing the total cost of the sediment 
transport component to about $1 million. 

The biological component is being coordinated with the National Park Service, Fish 
and Wildlife Service ,  and the Arizona Department of Game and Fish. Although not 
totally identified to date,  the biological studies are expected to continue for 
about 2 years at a cost of about $200, 000 per year . 

EXHIBIT ONE 
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The recreation component is being coordinated through the National Park Service 
�ith input from representatives of the western River Guides Association. It is 
anticipated that an analysis of the economic value of the recreational resource 
in the Grand Canyon will be conducted in conj unction with an evaluation of the 
effect of different minimum flow criteria. These s tudies are expected to cos t  
about SlOO , OOO. 

As you can see, the estimated cos t  of these s tudies could be as much as $2 
million. The spending of revenues in this magnitude will receive much scru t iny 
from the power cus tomers . We believe we have suf f icient data to defend these 
studies . We will con tinue tp commit personnel and resources , including contracts 
in a timely manner unless directed otherwise. If you have concerns please let 
us know. 

Clifford I. Barrett 

Attachment 

/ 
be :  l)JC-43 1 1 7,1 C -.3 L.L) 
LBR : JNewman: sp : J / 31/83 
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4 

INTERNAL BOR MEMO , JULY 18 , 1983 , 
• EXHIBIT TWO• 
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Date : July 18 , 1 9 8 3  
Discus s Wi th : Y0 - 700 , E&RC 
Appropriation Code : UC - 7 50 

What should be the obj ectives and 
scope of the environmental studies 
be ing conducted on the Colorado River 
below Glen Canyon Dam now that the 
unexpectedly large releases have 
probably cons iderably al tered the 
hydrologic regime and the biological 
communities in the Grand Canyon? 

During the review of the 
environmental asses sment for the Glen 
Canyon Powerplant uprating program , 
many concerns were vo iced regarding 
the environmental impac ts on the 
Grand Canyon that resul t from the 
present operation of the powerplant 
and impac ts that wi ll  result from 
releases from the uprated 
powerplant . The Commiss ioner , in a 
December 6 ,  1 9 8 2  letter , directed the 
Regional Director , Salt Lake C i ty ,  to 
undertake sedimentation , biological 
and environmental studies directed 
towards de termining where there are 
feas ible , alternat ive operating 
criteria for the power plant that 
wil l  lessen or el iminate adverse 
impacts . 

Recent flood control releases from 
Glen Canyon Dam have resulted in 
flows in the Canyon of up to three 
time s the maximum powerplant 
release . Pre l iminary indications are 
that there may have been cons iderable 
adverse impac ts to the camp ing 
beache s and riparian vege tation from 
thes e  high ,  sus tained flows . 
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The UCRS P i s  currently ful l  and the r e  
i s  a good chance that there w i l l  be 
surp lus waters in the Uppe r  Bas in fo r 
the next several years , at leas t 
unt i l  the Upper Bas in S tates begin t o  
ful ly ut i l i z e  the i r  compact allotmen t 
o f  wa ter , wh i ch could take s eve ral 
decade s . Thus , there appears to b e  
the po tent ial for a repeat o f  the 
1 9 8 3  flood ing on the Colo rado R ive r . 

1 .  The env i ronmental s tud ies should 
be cont inued under the o r iginal 
mandate , i . e .  s tudy the impacts o f  
powe rp l ant rel ease s only . 
2 .  The predict ive s tud i e s  should 
c ons i der a scenar io where Glen Canyon 
Dam sp i l l s , say every 10 years . 
3 .  The s tudi e s  should be terminated 
because the impacts o f  powerplant 
releases are probab ly ins i gn i ficant 
when c ompared agains t impac ts from 
per iodic sp il lway floods . 
4 .  The s tud ies should proceed with 
the assump t ion that the operat ional 
c r i te r i a  for Glen Canyon Dam w i l l  be 
rev i s e d  to cons iderab ly minim i z e  the 
r i s k  o f  future s p i l lway floods , in 
wh ich c as e , the environmental s tudi e s  
should be expanded t o  include the 
collec t ion of base l ine da ta for 
evaluat ing the future impac t s  of the 
new operat ional era . 

I t  i s  rec ommended that as s o on as the 
re leases from G len Canyon Dam are 
back down to powerplant flows , an 
insp e c t ion t r ip of the Canyon be made 
by an inte r - agency team of enginee r s , 
b i o lo g i s ts and recreat iona l i s ts to 
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as sess what the impac ts of the high 
flow re leases have been . Based on 
the ir findings and the ir j udgements 
about the value of future studies , 
they can come up with recommendat ions 
on how and whether to continue the 
environmental s tudies .  These 
conc lus ions and recommendations can 
be written up into an is sues and 
options paper that would be sent to 
the Commis s ioner for final dec ision .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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5 

LEITER , BOR GLEN CANYON STUDY MANAGER 

DAVE WEGNER TO SHEilA DAVID ,  NATIONAL 

RES EARCH COUNC I L ,  OCTOBER 24 , 1986 
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United States Department of the Interior 
BUREAU OF RECL\�A TIO:>i 

HPPEit C8l81\n88 ltf616f4.Jtl 8FFIEE 
p Q 891\ 11Hi8 

itbl L:'ICi 'IT" bT t�llfi. 

October 24 , 1 98 6  

Glen Canyon Environmental Stud ies 
P .O .  Box 1 8 1 1  
Flagstaf f ,  AZ 8 6002 

REFER TO'UC4 1 Q 

Ms .  Sheila David 
Nat ional Research Counc il 
Water Sc ience and Technology Board 
2 1 01 Constitut ion Avenue 
Washington , D . C .  2 04 1 8  

Dear Sheila : 

Enclosed is the information that you requested as Item 5 and 6 in your 
September 2 6 ,  1 98 6  Memorandum to this off ic e .  S ince these are copies o f  
actual documents that were prepared for the Glen Canyon Environmental Studies, 
a bit of explanat ion is required . 

The Glen Canyon Environmental Stud ies were initiated in the December 1 98 2  letter 
from Mr . Broadbent to the Bureau of Reclamat ion. As you will recall from that 
initial letter , the d irect ion was based on the two broad based obj ectives :  

1 .  Evaluat ion of the short-term, present flow patterns , impact of  the 
operation of Glen Canyon Dam on the total r iver ine environment in the 
Grand Canyon. 

2 .  Evaluat ion of the impact of the historic operation of Glen Canyon 
Dam ( ie. long-term) on the r iverine environment of the Grand Canyon.  

As  we discussed at our September 24-25 , 1 98 6  meeting with the Glen Canyon 
Environmental Stud ies Review Committee , a great deal of expansion has been 
provided to that original d irect ive.  What I have included in this letter to 
you are several of the early documents/letters that were developed that outlined 
the or iginal d irec t ion of the Glen Canyon Environmental Stud ies .  

Exhibit One - Init ial Identif icat ion o f  Ma in Study Components .  
----------------------------------------------------�---------

Prior to the high water releases in 1 98 3 ,  this memorandum was sent by the 
Regional Director of the Bureau of Reclamat ion to the Commissioner in Washington 
defining the major areas of the study effort . Note,  that at this date only the 
major areas of the stud ies were identif ied : Sed iment Transport and Beach Eros ion;  
Biolog ical Analysis ; and , Recreat ion Stud ies . These broad areas were def ined 
based on the December 1 98 2  d ir ective and pr ior d iscussions with the National Park 
Service and the other cooperating agencies . 

Beginning in May 1 98 3  and cont inuing through the summer , Lake Powell rose and 
eventually required the necessity of releasing add itional water from Glen Canyon 
Dam through both the r iver outlet tubes and the spillways .  Based upon this obvious 
perturbation to the environmental system and the maj or changes that were occurr ing 
throughout the ent ire Upper Colorado River Basin ,  a conc ern was raised as to the 
necess ity for the cont inuanc e or expansion of the Glen Canyon Environmental Stud ies 
effort . 
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Exhibit Two - Redef init ion of the Glen Canyon Environmental Studies Obj ect ives . 

To address the question of the d irection and obj ectives of the Glen Canyon 
Environmental Stud ies , the Bureau revisited the orig inal obj ectives and tr ied 
to assess the impact that the high water releases of 1 98 3  had on those overall 
goals .  Upon rev iew of this document , you will be able to d iscern that the 
recommendations were :  

1 .  Conduct a mult i-agency inspect ion trip of the Grand Canyon to determine 
the impact of the 1 98 3  high flow releases. 

2 .  Determine the value of future Grand Canyon impact studies. 

3 . Develop recommendat ions on how and whether to cont inue the environmental 
stud ies . 

Based on these recommendations , a mult i-agency trip was conducted in the Grand 
Canyon dur ing September of 1 98 3 .  The flow level in the Canyon at that t ime was 
approximately 3 0 , 000 cfs .  Included on that inspection trip were representat ives 
from :  

* Bureau of  Reclamat ion 
* Nat ional Park Service 
* U . S .  Geological Survey 
* U . S .  Fish & Wildlife  Service 
* Ar izona Game & Fish 
* Commerc ial River runners 
* Consultants 

This group of 22 technically knowledgeable sc ient ists included expert ise in 
biology, recreation, sed imentation, hydrology , and operations of Glen Canyon 
Dam. Dur ing the course of this 1 0  day r iver trip, many discussions were held 
regard ing the determinat ion of the 1 98 3  high water impacts and the types of stud ies 
that could be initiated in the Grand Canyon to st ill address the orig inal obj ectives 
of the 1 982 d irective. Based on the d iscussions that were held in the Canyon, 
Exhibit Three was developed . 

Exhibit Three - November 1 98 3  Status of the Glen Canyon Environmental Stud ie s .  

This memorandum addresses the f indings and recommendations from the September 
1 98 3  inspect ion trip in the Grand Canyon and some init ial estimates of the cost  
of  complet ing the proj ect .  Attached to Exhibit Three is  the Act ing Commissioner s 
recommendation for continuance of the Glen Canyon Env ironmental Stud ies. 

Based upon the Commiss ioners Off ice  d irec t ion, a ser ies of meet ings were init iated 
with each agency involved in the initial meetings to develop spec if ic study 
plans and obj ect ives . We have suppl ied you with the or iginal Work Statements for 
the major stud ies under seperate cover . Concurrent with the development of the 
specif ic work plans , I developed a PROPLAN chart def inin� the major time scale 
and critical paths to complet ion of the effort . This PROPLAN chart is included as 
Exhibit Four . 

The remainder of the early d irect ion of the Stud ies was defined ma inly in notes 
that were kept dur ing meetings and d iscussions with the cooperat ing agenc ies . 
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We can provide those other notes if you think they will serve some pur po se , 
however they will take add it ional t ime to pull together and track down from all 
the associated agenc ies and grou p s .  

If  you require any addt ional def inition o f  t h e  enc lo sed exhibits , please call 
me and we will be ha;>py to clarify any quest ions or concerns . We are looking forward 

to the meet ings at the Sou th Rim in November . 

R�rds ,
' 

/ 
� w,,_. , 
Dave Wegner 
Grand Canyon Study Manager 

enc losures 
Exh ibit One - Apr il 1 5 ,  1 983 Memorandum . 
Exhibit Two - July 1 8 , 1 98 3  internal BOR Issue Stat ement . 
Exh ibit Thr ee - January 3 0 ,  1 984 Memorandum . 

December 1 2 ,  1 98 3  Memorandum . 
Exh ibit Four - PROPI.AN char t .  
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6 

LEITER , BOR SALT LAKE CITY REGIONAL DIRECTOR 

CLIFFORD I .  BARRE'IT TO BOR COMMISS IONER , 

DECEMBER 12 , 1983 
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c ni tcd State!� Department of t he l n t l·rior 
Bl'RE.-\ll OF RECL:\ \1.\IJO:o; 

UPPU COLOJL.\DO U.CIIr.HI. OHIU 

�� :: :t:n UC-4 10 
120 . 1 

KemorandWII 

To: Commiaaioner 

Froa: Rea ional Director 

P.O. lOX I I� 
SALT LAKE Clll', liT All 14147 

ll.EC 1 2  � 

Subjec t :  Statui o f  the Glen Cauyon Environmental Studiea aud the 
Potenti al Impac t on the Grand Cauyon 

Over the laat aeveral montha , repreaentati�e• of the Upper Colorado Reaion 
and other atudy .. abera ha�e been d i acuaaina aud aualya ina the future 
4 irect ion aud aaanitude of the Glen Cauyon !n�ironaental Stud iea .  AI a 
reault of the h i&h flowa of 1983 aud the potential for add itional montha of 
continuoua hi&h re leaaea froa G len Cauyon , the atudy te .. conducted a 
recODDaiaaance tr ip dovu the Grand Cauyon in September . The objecti�e• of 
the tr ip vere to determine if the Grand Cauyon en�iroaaent vaa ae�erely 
i.pacted by the 1983 hi&h ·nova aud to determine if the or iainal atudy . •• 
de fined by your .. morandua of Deceaber 6, 1982 , ahould cont inue , terminate , 
or be .edified . AI a reault of the tr i p ,  the fol lovina conc luaiona vere 
developed : 

1 .  The atudy te .. conc luded that the hiah flow• d id not neaate the need 
for the atudy. Therefore , the atudy ahou ld continue . 

2. The hiah flow• d id not appear to cauae •• aerioua d...,e to the Graud 
Cauyon en�iroaaent •• vaa oriainally auticipated . 

3. The occurrence of the hilb flowa pro�ided reconfiraatioa of the conc lu
aion aet forth in the 1982 ln�iroa.ental Alaea ... nt that the iapact of the 
uprat ina aud rewind procr .. would be nealiaible on the Grand Canyon 
en�ironaent. The focua o f  the ata4y ahould be directed at •�•luatina the 
L.pact of the o�era l l  Glen Cauyon operatina criter ia aud hi&h controlled 
releaaea OD the Graud C.nyon ecoaya tea. 

4. For a auccea aful atudy to be coapleted , the aed iaent , bio loaic a l ,  and 
recreation data auat ba c o l lec ted dur in& a typical operat ion• patte rn .  
Tbia aa y  not b e  poaaible under the current operatina conatrainta , aud theae 
parta of the atudy aay have to be partially deferred for au appropriate 
period of time . 

The Bureau ia co.aitted by your letter of December 6 ,  1982 , to coaplete the 
atudiea pr ior to the ful l  utilizat ion o f  the uprated aeneratora at Glen 
Canyon o... We an t ic ipate that thia atudy wi ll be comp leted by Oc tober 30 , 
1986, on achedule vith the aenerator proarammina. In order to be t ter 

Copyright © National Academy of Sciences. All rights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http://www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


-166-

d e f ine the coord inat ion and mone tary involvement that vi l l  be required to 
comp lete thia atud y ,  an e a t imated budaet and fiac a l  year breakdovn vaa pr e 
pared . Tvo budget e a t iaatea vere defined ; one for comp let ion of the atud 7 
under the or iginal time fr ame ; and the aecoad for comp let ion of the atud7 
vith a 1 year deferral into fiacal year 1987 , to inc lude a lternat ive 
oper a t iaa cr ite r ia and data analya ia report a .  Th e  reviaed eatimated budge t 
i a :  

SEDIHENTAl'ION SUBIEAM 

1 .  U . S .  Geoloaical Survey 
2 .  Sed iment Tranaport Coaau ltaat 
3.  Bur eau of Rec lamation . 

a. ! &i Center , DeaveT 
b .  Duranao Projecta Office 
c. Upper Colorado lesion 
d .  Aerial Photoaraphy 

B.  BIOLOGICAL SUBTBAM 

Fiaher iea Stud iea 
Terreatrial Studiea 
Temperature and Backwater SuTveya 

FY 84 , 85 , 86 

- $2 , 173 , 400 
- $ 80 , 000 

- $ 7 3 , 000 
- $ 20 , 000 
- $ 5 1 , 300 
- $ 50,000 

$2 , 447 , 700 

" 84, 85, 86 

- $37 3 , 050 
- $ 148 , 000 
- $ 70 , 000 

1 .  
2 .  
3 .  
4 .  
5 .  
6 .  

Bureau o f  lecl .. a t ion - UppeT Colorado lesion 
Fiah and Wild life Service Conaultat ion 

- $ 20 , 000 
- $ 40 , 000 

!&I Center , Aerial PhotoJTapbJ 

C .  IBCI!Al'IOR SUBTBAM 

1 .  Acc ident Survey 
2 .  Siaulat ion Model 
3 .  CVK Sune7 and Collect ion 
4. National Park Service 
5 .  BuTeau o f  lec l ... tion 

a.  !&I Center 
b. Upper Colorado lesion 

- $ 60 ,000 
$7 l l , OSO 

- $ 13 ,000 
- $ 65 , 000 
- $130 , 000 
- $ 4 , 000 

- $ 27 ,000 
- $ 80,000 

(+35 , 610) 
( +17 , 000 ) 

$319 , 000 ( +50 , 000 )  

D. COOiDIIAl'IOI 

1 .  UppeT Colorado lesion , Wesner 

a .  
b .  

aalary (3 ,ra . )  an d  beaefita ( 1 . 6) 
tTave l 

- $ 130 , 000 
- $ 30,000 

$ 160 ,000 

( +45 , 000 )  
( +2 , 000 ) 
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1 .  Proj ect •• or ia ina l ly de f ined 
2 .  Proj e c t  vi th 1 year add i t ion 

The•e co• t •  c an be broken dova by f i •c a l year a• : 

- $3 , 636 , 400 
- $3 , 795 , 300 ( +4 . 4% )  

F i •c a l  year 198 3 - $8 7 6 , 900 (already expended ) 
Fhc a l  ye ar 1984 - $ 1 , 156 , 400. 
Fi•c a l  year 1985 - $ 1 , 29 3 , 000 
Fi•cal year 1986 - $3 1 1 , 000 
Fi•cal ye ar 1987 - $ 158 , 900 

The total e • t imated • tudy coa t  "exceed a the in i t ia l  e a t imate of $940 , 000 by 
a larae aar a in .  Tbe reaaona for the larae increa•e in coat caa be .wa

aar iaed aa fo l low• : 

1 .  Ti.ina aad operat ina con a tr ain t a  

2 .  198 3 hiah water re leaa e a  from G len Canyon D ... 

3 .  Re-e • t ab li •hmen t o f  a new environment a l  ba• e l ine due t o  the hiah f low• . 

4. Inaccurate and incomp lete ini t i a l  co• t e• t imatea 

a .  Safety con • train t a  requir ina a doub lina of aanpower at each 
of the •ed iaen t .ea•ur ina a t at iona .  

b . Prototype aed iaent a .. p l ina equipaen t required . 

c .  Operat ional coa a train t •  wi thin the canyon . 

d .  No inc luaion of lOR coata (!0 . 5  ai l l ion ) for .-Dpower aad 
eqaipaent .  

5 .  Inadequate co.mua icat ion be tween the 10 1  and the USGS. 

We have addre• aed the prob ie .. of the increaaed coa t a , proar .. aaaaae.en t ,  
and a tudy coord ina t ion .  We have e a t ab l i•hed a po 1 i t ion w i th in the Upper 
Color ado Reaion to aaaaae th i a  a tud y .  David Weaner , UC-410 , baa beea 
a 1 1 igaed aa the Grand Canyon Study Maaaaer aad wi l l  be re1pona ib le for a l l  
proar .. coord inat ion aad the prepar at ion aad comp let ion of the atudy 
report a .  

AI a r e a u lt o f  our inve • t iaat iona , we be lieve that the 1 tud iea ahould 
proceed under the a••umpt ion tha t  the oper a t iona l cr iter ia for Glen Canyon 
n .. wi l l  be revi •ed to min iaiae the r i ak of •pi l lvay re leaaea vb i le 
aeceptina the po•a ib i l i ty of occa• ion a l  •p i l l a .  Under th i1 acenar io , the 
environmen t a l  a tud iea •hou ld be •truc tured to inc lude eva luat ion o f  the 
aev env ironaen t a l  baael ine cond i t ion e c au 1ed by the 1983 h i&h flov1 , in 
•dd i t ion to evaluat ion of the environaen t a l  impac t o f _ pre•ent operat ina 
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cr iter ia.  These data wou ld be u•ed to evaluate future operat ioDal impac t •  
oD the bio logica l ,  recreat ioD , and •ed imeDt compoDeD t l  o f  the Grand Canyon 
•y• tem and to evaluate fea • i b le a l teruat ivel to eai 1 t iDg CRSP operat ing 
criter i a .  

Due t o  the • igni ficaDt incre a•e i D  the total e1t imated c o l t  o f  the a tudy 
1iDce i t •  incept ioD , we fe l t  a Deed to 10 advi1e you. However , we are pr o
ceediDg with the 1tudy a• •cheduled uu le • •  otherwi•e advi1ed becau•e o f :  

1 .  Commi tmeDt t o  the eDviroumeD t a l  and recreat ioD commeD t l  that a a t ndy i •  
beiDg per formed . 

2. The Deed to comp le te the1e •tudie• pr ior to the fu l l  nt i l i &atiou of the 
upr ated geDerator• DOW uuder coDtrac t .  

3. Cou • iateDcy with your le t ter o f  December 6, 1982. 

If you have any que • t ioua , pleaae iuform thia office or Dave Veguer 1 Grand 
CanyoD Study K.uager , at PTS 588-6084. 
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7 

LEITER , BOR ACTING COMMISSIONER TO BOR 

SALT LAKE CITY REGIONAL DIRECTOR , 

JANUARY 30 , 1984 , • EXHIBIT THREE• 
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LT • , ..., ' '  f J I . (· . : r '  . . . "' i 
m -ceo �L : �..·�  uepartmcn t o t 1 e  n tc:-J o r  : =- : �  

Memorandum 

Bl'RL\U OF R ECLA�IATIO:-.; 
WASHI:-:GTON, D.C. 20240 

JA N 3  0 m4 

To:  Reg i on a l  D i rector , Sal t L a k e  C i ty ,  Utah 
Acting 

From: Comm i s s i oner 

··- · -- . --.-. 

"" -
Subj ect : Approv a l  to Con t i nue the " G l e n  Ca nyon Envi ronmental Stud i es 

and the Poten t i a l  Impact on the Gra nd Canyon " S tudy Program 

It has been over 1 year s i n ce approv a l  was prov i ded to you to u ndertake 
the subj ect s tudy. Dur i ng that time , many events have occurred and 
cond i t i on s  contemp l a ted in the study have rad i ca l l y  changed mak i ng i t  
appropri ate for u s  to reeval uate the ori g i na l  study pl an to determi n e  
whether o r  not study n eeds conti nue t o  exi st .  Our ana l ys i s  shows 
that the study objecti ves d i scu ssed i n  our December 6 ,  1 982 , memorandum 
to you are sti l l  v a l i d .  Therefore , you shou l d  conti nue the stud i e s , 
i ncl u d i n g  the mod i f i ca t i o n s  a nd 1 -year exten s i on a s  descri bed i n  your 
statu s  report of December 1 2 ,  1 983 ( a ttached ) . However , we wou l d  l i ke 
to po i n t  out that we are no l onger i n  a "typ i c a l  operat i ons pa ttern " 
and probably never wi l l  be aga i n , d u e  to the fact that the reservo i rs 
have been f i l l ed for the fi rst t i me . Accord i ngly . any future stud i e s  
shou l d  recogni ze both fl ood and drought cond i t i on operati ons . 

We a re p l eased w i t h  you r  progress to date and feel you h ave des i gned 
an a ppropr i a te set of stud i e s .  I f  you have a ny question s . ca l l  
Wayne Deason , D i rector , Offi ce of E n v i ronmenta l Affa i rs . at 343-4991 • 

• ,.�� un. __ _ 

.� t�u chm':n� 
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8 

BOR DOCUMENT , "AGENCY PRIORITIES FOR THE 

GLEN CANYON ENVIRONMENTAL STUDIES " 
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AGEN CY P RIORITIES FOR THE GLEN CANYON EN V I RONMENTAL S T U D I E S  

B u re a u  o f  Re c l ama t i on 

1 °  Re s tri c ti on on the ope r a t i on o f  the uprate d ge nerators at 
Glen Canyon Dam wi l l  remain in e f fe c t  un ti l  a deci s i o n  
pro ce s s  w i th app rop ri a te NEPA compl iance has been comp l e te d  
on a long- te rm ope rating cri te ri a  fo r t h e  G le n  Canyon 
Powe rp l a n t  

2 °  T o  unde rtake s tudi e s  on curre n t  ope ration o f  G l e n  Canyon 
Dam to de te rmine how p re s e n t  f low p a t te rns impac t the 
total rive rine e n vi ronme n t  i n  the Grand Canyon , and 
s pe ci fi ca l ly 1) how low- f l ow pe r i o ds a f fe c t  ra f ti n g  and 
f i s h e ry reso urce s an d 2 )  how h i gh - f l ow p e r i o ds a f fe c t  
e ro s i on , re creat ion and fi s h e r i e s  

3 °  C on duct s tudi e s  as a coope rat i ve e ffort w i th t h e  National 
P ark S e rv i ce , w i th o th e r  Fe de r a l  and non-Fe de ral a ge n c i e s  
reque s te d  to p a r t i c i p a te 

4 °  Unde rtak e  an analy s i s  o f  p o te n ti a l  a l t e rn a t i ve ope ra t i n g  
c r i te ri a  cons i s te n t  w i th Co l o rado Ri ve r S to rage P ro j e c t  
re q ui reme n t s  to de te rmine i f  fe as i b le a l te rnatives 
addre s s  concerns rai s e d  on the upra t i n g  envi ronme n ta l  
a s s e s smen t 

N a t iona l P a rk S e rv i ce 

1 °  E x i s ting Nat ive Aquatic O rgan i s ms 

2 °  P re - dam Al luvi al Depo s i ts 

3 °  Riparian Vege t a t i on 

4 ° Riparian Fauna 

5 °  E x i s ting Wate r Qual i ty 

6 °  Opportuni t i e s  f o r  Rive r Run n i n g  a t  E x i s ting Leve l s  a n d  
w i th E x i s ting Charac te r  

7 °  Trophy Tro u t  F i s h e ry 

N o te : Cri t i cal e leme n ts for comprehen s i ve re se arch prog ram 
to addre s s  the s e  pri ori t i e s  i n c l u de : 

1 )  Hy dro logy and Se dime n t  Tran s p o r t  
Ve ri fication and re fineme nt o f  t h e  p re di ct i ve 
flow mo de l 
Evaluation o f  the eros ion and s e d i me n t  tra n s p o r t  
po ten t i al o f  vari ous flow re leases 

Copyright © National Academy of Sciences. Al l  r ights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http:/ /www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


-173-

National Park S e rv i ce - Continue d  

2 )  Biology 
Quanti fication of the e ffects of various f low 
regime s  on the aquatic and te rre strial e cosys tems 
of Grand Canyon 

3 )  Vi s i tor Acce s s  and S a fe ty 
Quanti fication of the e ffects of various flow 
regimes on vi s i tor acce s s  and the s a fe ty of 
rive r  users 

4 )  Impact Mitigation 
Identi fi cation of s trategies for mit igation 

u . s . F i s h  and Wi ldli fe S e rvice 

1 °  To determine the potential impact of warming the Co lorado 
River below G len Canyon Dam on endange re d specie s  ( Co lo
rado Squawfish , P tychoche ilus lucius and H umpback Chub , 
Gi la �) and proposed endangered spe cie s ( Boneyta i l  Chub , 
Gi la e legans and Razorback Sucke r ,  Xyrauchen texanus ) 

2 °  To determine the e cological nee ds of the endange re d 
species in the Co lorado River betwee n  Glen Canyon Dam 
and Lake Me ad 

3 °  To de termine the me thods for re duc ing or e l iminating the 
known cons training factors of low wate r tempe rature and 
f reque n t  wate r f low f luctuations on e ndange re d species 

4 °  To de termine the re lationship be twee n  ma ins tream and 
tributary hab itats and the i r  uti l i zation by endange re d 
spe c ie s  

Ari zona Game and F i s h  Department 

1° Sport Fi shery 
1 )  To dete rmine the e ffec t  o f  current and future ope rations 

on trout reproduction , re cruitme n t ,  and spawning habitat 
from Glen Canyon Dam to Lake Mead 

2 )  To determine the type and condi tion o f  the s port fishery 
\-li thin the s tudy are a  and the e f fe ct o f  tempe rature , 
flow , and nutrient leve l s  

3 )  To de termine the amount o f  avai l ab le sport fish hab i t at 
and the e f fe ct of tempe rature and f l ow 

4 )  To de te rmine the b i omas s and di s tri bution o f  periphyton 
and invertebrates and the e f fe ct of temp erature and flows 

5 ) To de termine the movement pa tterns on sport fish wi thin 
the study a re a  and the e f fect of temperature and flow 
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Ari zona Game and F i sh Department - Con tinue d  

2 °  Native F i s h  
1 )  To de te rmine how the tempe ra ture pro f i le w i th i n the 

G rand Canyon and i ts tributa r i e s  affe c ts d i s t r i b u t i o n , 
abundance , and rep roduc tion 

2 )  E s tab l i s h  the impor tance o f  backwate r areas 

3 )  To de te rmine the impor tance o f  tributarie s  to the 
native f i sh population and s pawn i n g  s uc ce s s  

4 ) To de te rmine the d i s trib u t ion and abundance o f  n a t i ve 
f i s h  in the mains tre am and t r i b utari e s  

3 °  Avian Commun i ty - T o  de te rmi ne i f  the curre n t  ope rating 
r e g i me i s  degradi ng or reduc i ng the amount o f  avai lab le 
ne s ti n g  hab i ta t  for b i rds w i th i n  Gran d Canyon 

4 °  Terre s trial Wi ldl i fe - To de te rmine if th e curre n t  ope ra t i ng 
re g i me i s  limi t i n g  amph i b i an , mamma l i an , and avi an d i ve r s i ty 
an d b i omas s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R i v e r  a n d  D a m  M a n a g e m e n t :   A  R e v i e w  o f  t h e  B u r e a u  o f  R e c l a m a t i o n ' s  G l e n  C a n y o n  E n v i r o n m e n t a l  S t u d i e s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 9 2 6
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9 

BOR DOCUMENT , •DECISION PROCESS USED TO 

DETERMINE PROBABLE STUDIES FOR THE GLEN CANYON 

ENVIRONMENTAL STUDIES EFFORT• 
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DECI S I ON P ROCE S S  USE D  TO DETERMINE P ROBABLE S TUDIES 
FOR THE GLEN CANYON ENVI RONMENTAL STUDIES EFFORT 

Afte r the de cis ion was made in late 19 8 3  to continue w i th the 
Glen Canyon Envi ronmental S tudies , a se ries of mee tings were 
ini tiate d  to dete rmine the type and extent of s tudies that 
would be initiate d .  Initial meetings we re h e l d  with : 

A .  National Park S e rvice - Grand Canyon National 
P a rk Resources Management 

B .  Ari zona Game and Fish Department 
C .  U . S .  Geological Survey - Ari zona Dis tri ct Office 
D .  Bure au of Re c lama tion 

Each agency p ropose d  the types of s tudies that could be used 
to a ddre s s  both the long- te rm and short- te rm impact a s s e s semnts 
of the impact of Glen Canyon Dam . The se mee tings were h e ld 
from November 19 8 3  through February 1 9 84 . Conti n uous feedback 
was mai ntained between �1e aureau o f  Rec lamation , Grand Canyon 
S t udy Manage r ,  and the Reso urce Manageme nt s ta f f  at Grand 
Canyon National Park . Speci fic proposals were s ent to each 
a gency . Spe cific s tudies were e va l uated by both agencies and 
re fined to de fine the s peci fi c  leve l  o f  e ffort and type o f  
p roduct that would b e  provi de d .  Each s tudy was evaluated to 
de termine i f  i t  me t  the fo llowing criteria : 

1 .  Did i t  addre s s  the long- term e ffe cts of the ope ration 
o f  Glen Canyon Dam? 

2 .  Did i t  addres s  the s hort- term impacts o f  the ope ration 
of Glen Canyon Dam? 

3 .  Did i t  speci fi cally apply to e i ther a ma j o r  i s s ue o f  
the Peaking P owe r s tudie s  o r  d i d  i t  addre s s  the river 
zone ? 

A priori ty o f  q ue s tions was deve loped based on the Peaking 
Power and pub l i c  involvement feedback . S tudies were de fined 
that addre s sed the i s s ue s . It was known at the beginn i n g  of 
the Glen Canyon Envi ronmental S tudi e s  e f fo rt that not a l l  
inte rre lationships de fining the ecosy s tem of Grand Canyon 
could be addre s sed � Howeve r ,  i s s ue s  and factors whi ch could 
be addre s sed and quanti fied during the time frame of the 
ove ra l l  s tudy program needed to be de fined . The de cis ion 
proce s s  of the i n i t i a l  s e ri es o f  s tudies re s te d  w i th the 
indi vidua l s ub teams and the pro j e c t  manager in cooperation with 
the National Park S e rvice . In Septembe r  19 8 3 ,  s pe c i fi c  areas 
of impact were de fined and s tudies we re propos ed whi ch could 
addre s s  the ob j e c tives of the Glen Canyon Envi ronmental Studies . 
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Dates of Important Events Leading to the Glen Canyon Envi ronmental 
S tudies : 

1 9 1 6  

1 9 4 9  

1 9 5 6  

1 9 5 9  

1 9 6 3  

1 9 6 4  

1 9 6 5  

19 6 6  

1 9 7 2  

1 9 7  3 

1 9 7 5  

19 7 6  

1 9 7 7  

1 9 7 9  

National P ark S e rvice Ac t z  " • • •  t o  conse rve the s cenery and 
the natural and h i s toric obje cts and the wildl i fe therin 
and to provi de for the e n j oyment of the s ame in such manne r 
and by such me ans as wi l l  leave them unimpai red for the 
e n j oyment of future generations . "  

Les s  than 1 0 0  people have f loated the Colorado River in 
Grand Canyon 

Colo rado River Storage Program Authority 

Co lorado River annua l ly floated by les s  than 1 0 0  people 

Glen Canyon Dam cons truction completed 

Generation of powe r by hydroe lectric gene rators at Glen 
Canyon Dam 

5 4 7  people f loated the Colorado River in thi s  year 

Congres sional authority for the G len Canyon Dam uprating 
study 

1 6 , 4 2 8  people floated the Colorado Ri ve r  thi s year 

Initiation by the National P ark Se rvice for the Colorado 
River Research Program to provide spe ci fic answers to 
three ques tions : l l  In what manne r and how rapi dly are 
phys ical and b io logical resources of the riparian zone o f  the 
Colorado Ri ve r  adj us ting to the new rive r  regi me ? ,  2) How 
i s  the increased vi s i tation impacting the riparian and 
aquatic resources ? ,  and 3) What are the sociological e f fects 
of di f fe rent vi s i to r  use patterns on the nature and qual ity 
of the river running expe rience ? 

Funding avai l able for the Glen Canyon Dam Uprating Study 

National P ark Se rvice i s s ues Grand Canyon Na tional Park 
Mas t� r P lan : " The goals for management o f  the Colorado 
Rive r in Grand Canyon wi l l  be to pe rpetuate the wi lde rne ss 
river-running expe rience and to attempt to mi ti gate the 
influences of man ' s  manipulation of the rive r . " 

Colo rado Rive r  Research P rogram findi ngs pub li shed a long 
with future research an mon i to ring sugge s tions ( see attached 
information) 

P ub l i c  mee tings about the Glen Canyon Darn Uprating S tudy 
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1 9 79 - 8 1  A se ries o f  seven news le tters to the pub l i c  about the Glen 
Canyon Dam Up rating Study 

19 8 1  

19 82 

1 9 82 

1 9 8 3  

1 9 8 3  

S coping meetings about the Glen Canyon Dam Up rating S tudy 

Acting Commi s s ione r le tter to Regional Directo r ,  Bureau 
of Re clamation ( S al t  Lake City ) p ropos a l  for p roceeding w i th 
s tudies on operation impacts ( da te d  September 1 6 )  

Commi s s ione r Broadben t ' s  letter t o  initi ate Glen Canyon 
Envi ronmental S tudies 

Meetings w i th u . s .  Fish and Wi ldli fe S e rvice , National 
Park Service , B ure au o f  Re clamation 

Glen Canyon Dam s p i lled w i th re leases greater than 
9 0 , 0 0 0  cub i c  feet per se cond from June through Augus t . 

Copyright © National Academy of Sciences. All rights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http://www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


-1 7 9-

The Colorado Ri ve r  Re search P rogram ( CRRP ) was initiated 
in 1973 to gather base line in formation on the Colorado 
River envi ronme n t .  I n formation from the three year study 
was ne cess ary to me as ure envi ronmental changes caased by 
ope ration of Glen Canyon Dam and by the ever- i n cre asing 
numbers o �  rive r- runne rs . The base l i ne data was also 
used in the formulation o f  the Colorado River Management 
P lan by the National P ark Servi ce . 

Over 5 0  inve s tigations were addre s sed by the CRRP 'i 

0 
0 
0 

0 
0 
0 
0 

0 

sociologi cal aspe cts o f  the river-running experience 
e conomi c analysis of the river-running indus try 
environmen tal and e co logical e lements in the 
riparian an d aquati c envi ronme nts 
s tatus o f  endangered and thre a tened species 
impacts of human use 
camps i te inventories 
human carrying capa ci tie s 
use scheduling 
envi ronme n ta l  qua l i ty 
beach deve lopment and e ro sion 
inventori e s  of p l an t  and an imal l i fe 
impacts o f  wate r flow re gulation 

Bib l i ograph ies of Res earch Conducted in Grand Canyon 
�at�ona l  Park , Ari zon a :  

Carothe rs , S .  W .  e t  a 1 .  1 9 7 4  ( a lso 1 9 7 3  edi tion ) . A 
pre l imi nary report on the h i s tory and bibliography o f  
bio logi cal re s e a rch i n  the Grand Canyon re gion wi th 
emph as i s on the ripari an zone . Colorado River Resea rch 
Report , Grand Canyon National Park . 13 7 pp . 

Rude r ,  Ruth L .  ( comp i le r )  1 9 7 0 .  Se le cted l i s t  of 
re fe rence s  of the Grand Canyon Are a .  Museum o f  North e rn 
Ari zo n a .  

Sparne r ,  Earle E .  e t  al . ( compi lers ) 1 9 8 1 . Bib liography o f  
the Grand Canyon a n d  the Lowe r Colo rado Rive r  1 5 4 0- 1 9 80 . 
Grand Canyon Natural H i s tory As soci ation , Monograph 
No . 2 .  1 1 9  pp . 
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BOR DOCUMENT , "GLEN CANYON INTEGRATION 

TEAK BIOGRAPHICAL SKETCHES • 
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GLEN CANYON INTEGRATION TEAM 

BIOGRAPHICAL SKETCHES 

Linda Sue Anderson was born in 1 9 5 2 . She 
received her Mas ter of Science Degree and Doc torate 
of Ecology and Evo lut ionary Biology from the 
Univers i ty of  Arizona in 1 9 8 2  and 1984 
respectively . Her profe s s ional experience has been 
numerous ecological and environmental 
organizations . Presently , she is employed by the 
Nat ional Park S e rve as an Ecologi s t . 

Bryan T .  Brown was born in 1 9 5 2  and wi ll  
rece ive his  doctorate in  1 9 8 7  in  Wildl ife Ecology 
from the Univers i ty o f  Ar izona . The GCES report 
wil l  be the bas i s  o f  his  dissertat ion . His 
pro fe s s ional experience has been as b iological 
technician ,  Grand Canyon National Park ( 1 9 7 6 - 1 9 7 9 ) ; 
graduate research as s i s tant , Univers ity of  Ar izona 
( 1 9 80 - 8 2 ) ; research ecologi s t , Cooperat ive National 
Park Res ources S tudies Uni t/Univers i ty of  Ar izona , 
Nat i onal Park Service ( 1 9 8 3 - 198 6 ) ; and re search 
eco logis t ,  Ar izona Proj ects Office , Bureau of  
Reclamation ( 19 8 6 ) . He  is  a member o f  the Cooper 
Ornithological Society , S outhwe s tern As soc iation of 
Natural ists , and the Wildl ife Society . His  
re se arch intere sts  inc lude avian distribution , 
reproduction and hab i tats . 

Henry R . Maddux was born in 1 9 5 3  and received 
his Mas ter o f  S c i ence in Fisheries  from S outh 
Dako ta S tate . His  profe s s ional experience has been 
as wildl i fe special i s t , Ar izona Game and Fish 
Department ( 1 9 8 4 - pre sent ) . He is  a member of  the 
Ar izona/Nevada Academy of Science and the 
Ar iz ona/New Mexico Chap ter and Fisheries Management 
Section of the Amer ican Fisheries  Society . His  
research intere s t s  are in the relationships be tween 
temperature , reproduc tion and distribut ion o f  
freshwater fishe s . 
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Jul ia B .  Graf was born i n  1945 and received her 
Doc torate in Geology - Sedimentology from the 
Univers ity o f  I l l ino is  at Urbana - Champaign . Her 
profe s s ional experience has been teach ing 
as s is tant , Department of Geology , Univers i ty o f  
I l l ino i s  ( 19 6 9 - 19 7 2 ) ; vis iting as s i s tant profes s o r , 
Univers i ty o f  I l l ino is ( 1 9 7 7 - 7 8 ) ; sedimento logis t ,  
I l l ino is D i s trict , USGS , Water Re source Divi s ion 
( 1 9 7 8 - 1 9 8 3 ) ; and hydro logis t ,  Arizona D i s trict , 
USGS , Water Re s ource Divis ion ( 1 9 8 3  to present ) . 
She is  a member o f  the Geological Society of  
America , American Geophys ical Union , Society of  
Economic Paleontologists  and Mineralogists , and 
International As soc iat ion o f  Sedimentologists . Her 
research intere sts  are sediment mode l ing and 
transport . 

Jack Schmidt was born in 1950  and is  a doctoral 
candidate in Geography and Environmental 
Engineering from the John Hopkins Univers ity . H i s  
GCES report is  the bas is  o f  h i s  dissertation . H i s  
profe s s ional experience has been hydrologis t , 
Montana Mine Land Reclamation Department 
( 1 9 7 5 - 1 9 7 6 ) ; owner , Earth Resource Consul tants 
( spec ializ ing in geomorphology and water resource s ,  
environmental and reclamation is sues as sociated 
with mining deve lopment )  ( 1 9 7 7 - 1 9 8 4 ) ; and 
hydrologi s t , graduate s tudent appo intment , USGS 
( 19 8 5 - pre sent ) . He is  a member of  the American 
Geophys ical Union and Geological Society of  
America . His  research interests  are geomorphology 
and appl icat ion o f  the earth sc iences in resolving 
natural res ource pol icy i s sue s . 

Erne s t  L .  Pemberton was born in 1 9 2 2  and 
rece ived his  Bache lor o f  Sc ience in C ivil 
Engineer ing from the Univers i ty of  I owa . His 
profe s s ional experience has been as sedimentation 
special i s t , Bureau o f  Reclamat ion ( 1 948 - 19 6 0 ) ; 
as s i s tant to head , Sediment Section , BOR 
( 1 960 - 1 9 7 0 ) ; head , Sediment and River Hydraul ics 
Sect ion , BOR ( 19 70 - 1 9 8 1 ) ; sediment consul tant , BOR 
( 19 84 - present ) . He is a member of the American 
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Society o f  C ivil Engineers , International 
As soc iat ion for Hydraulic Research , and American 
Geophys ical Union . He has authored numerous BOR 
pub l ications on reservo ir sedimentat ion , sediment 
transport , scour of natural channels  and s tab i l i ty 
of  river channel s . 

Richard B ishop was born in 1943 . He rece ived 
his  Bache lors o f  Science Degree in Bus ine s s  
Admini s trat ion at Colorado S tate Univers i ty in 
1 9 6 5 , his Mas ters of Science Degree in Economics 
from Colorado S tate Univers ity in 1 9 6 7 , and his  
Ph . D .  in  Agr icul tural Economics a t  the Univers ity 
of  California - Berke ley , in 1 9 7 1 . He has worked at 
the Univers i ty of Wiscons in as a Pro fessor in 
Agricul tural Economics s ince 1 9 8 3  and as a Senior 
Resource Economis t for Heberlein- Baumgartner 
Research Services s ince 1 9 84 . Rich has numerous 
publ ications to his  credit . 

Martha G .  Hahn - O ' Ne i l l  was born Apr i l  12 , 
1 9 5 5 . She has rece ived an Associated Arts Degree 
in General Educat ion from El  Camino Col lege in 
1 9 7 6 , a Bache lor of Science s  Degree for Fores try 
and Outdoor Rec reat ion from Utah S tate Univers i ty 
in 1 9 7 9 , and a Mas ters o f  Science Degree in Outdoor 
Recreation from Utah State Univers ity in 1 9 8 2 . Her 
profe s s i onal experience has inc luded : Outdoor 
Recreation Planner ( 1 9 7 9 - 1 9 8 5 ) with the Bureau of 
Land Management , UT ; and , as a Resource Management 
Spec ial i s t  with the Nat ional Park Service , Grand 
Canyon ( 1 9 8 5  to present ) . 

Curt Brown was born in 1 9 5 2  and rece ived his 
doctorate in Psycho logy from the Univers i ty of  
Colorado . His  profe s s ional experience has been as 
psychologis t ,  Planning Technical Service , Bureau of 
Reclamat ion ( 1 9 7 9  to present ) . His research 
interests  include dec i s ion analys is , measurement of  
pre ferences , and pol icy analys is . 

Mike O ' Donne l l  was born in 1 9 5 2  and rece ived 
his Mas ter o f  Sc ience in Lands cape Architecture 
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from Utah S tate Unive r s i ty o f  Logan . H i s  
profe s s i onal exper i ence h a s  been as landscap e  
arch i tect f o r  the Land Management and Rec reat i on 
Branch o f  the Bureau o f  Rec lama t i on , Upp er Col orado 
Re gion ( 1 9 7 6 - p r e s ent ) . He i s  involved with 
recreation p lann ing and admini s trat i on . He is the 
Rec reat i on S ub - Team le ade r for the Glen Canyon 
Environmental S tudie s . 

Reed Harr is was born in 1 9 4 6  and rece ive d h i s  
Mas ter o f  S c ience i n  F i shery Sc i ence from Utah 
S tate Univers ity . H i s  profe s s i ona l expe r i ence has 
been as Fede ral F i sh and W i ldl i fe B i o l o g i s t  
( 1 9 7 0 - 1 9 �7 )  with the U . S .  F i sh and W i ldl i fe S e rvi c e  
and Nat i onal Marine F i she ries S e rvice , Utah and 
Alaska ; p l anning b i o l o g i s t  for Upper C o l orado 
Re g i on , Bureau of Re c l ama t i on ( 1 9 7 7 - 1 9 8 0 ) ; and 
Ch i e f , B i o logical S tudi e s  Branch , Bureau o f  
Re c lama t i on ( 1 9 8 0 - p r e s ent ) . He has s erved a s  a 
memb e r  of the Colorado R ive r F i shes Recovery Team 
and Interagency Task Force for I mplementat i on o f  
Uppe r  Col orado Bas in Endange red F i shes Re covery 
Plan .  He is the B i o l ogical Sub - Team l eader for the 
Glen Canyon Environmental S tudie s . 

Jero l d  F .  La z enby was born in 1 9 3 5  and rece ived 
h i s  Mas ter of Engineer ing in Hydraulic Eng ineer ing 
from the Univers ity of Ca l i fornia at Berkeley . H i s  
profes s i onal experience has been a s  as s o c i ate 
enginee r  w i th Internat i onal Engineer ing Company 
( 1� 5 8 - 1 9 5 9 ) ; c ivi l engineer with the Bureau o f  
Re c lama t i on in S acramento ( 1 9 5 9 - 1 9 6 0 ) ; hydraul ic 
engine er with the Bureau o f  Rec l amat i on in 
S ac ramento ( 1 9 6 1 - 1 9 6 2 ) ; hydraul ic eng ineer w i th the 
Bureau of Rec lamat i on in Salt Lake ( 1 9 6 6 - 1 9 8 1 ) ; and 
superv i s ory hydrau l i c  eng inee r  and branch ch i e f  at 
the Wate r  Re s ourc e s  Branch , P lanning D ivis i on 
( 1 9 8 1 - p r e s ent ) . He has s e rve d as a hydrologic 
consultant to Ta iwan and the World Bank . His 
re s e arch interest are water operation s tudi e s , 
dra inage , water r i ghts , s t ream gaging programs , 
c onsump t ive use dete rminat i on , hydr o s a l inity , and 
p roj ects of wa ter dep letion in the Colorado River 
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Bas in . He is  the Sediment Transport and Hydrology 
Sub - Team leader for the Glen Canyon Environmental 
S tudies .  
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BOR DOCUMENT , "GLEN CANYON ENVIRONMENTAL 

STUDIES REVIEW' PROCESS" 
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Glen Canyon Envi ronmental S tudies Review Proces s  

REPORT 

I - 1 

I - 2 

I - 3 

I - 4 

I - 5 

I - 6 

I - 7 

I I  � 1 

II - 2 

INTERNAL REVIEWERS' * 

Reed Harri s , BOR 
Michael Puchere lli , BOR 

E 'R 
S usan Anderson , NPS 

Ree d  Harris , BOR 
B ryan Brown , NPS 

Reed Harri s , HOR 

Reed Harri s , BOR 
Mi chae l Puchere lli , 

BOR, E ' R  
Steve aodapp , NPS 

Reed Harri s , BOR 
Nancy B rian , BOR 

Reed Harri s , BOR 

Reed Harris , BOR 

Henry Maddux , Arizona 
Game and Fish Dept. 

Frank Baucom, USFWS 

Frank Baucom, USFWS 
nenry Maddux , Arizona 

Game and Fish De p t .  
B i l l  Vernieu, BOR 

EXTERNAL REVIEWERS * 

Lee Swenson , BOR 

Lewis Stolzy , Univ. Ca l .  
at Rive rside 

Raymond Turne r ,  US GS 

Martin Karpis cak , Uni v .  o f  
Arizona 

Raymond Turne r ,  USGS 
James Brown , Univ .  of Ari z .  
Lee Swenson , BOR 

Steve Carothers , Envi ron
mental Consul tant 

Lee Swenson , BOR 

T. T. Kozlowski , Univ. of 
Wis consin 

Donal Hook , Univ .  of Clemson 

Lee Swenson , BOR 

Laurie Vi tt 
Jim Collins 

Bob Williams , BOR 
Tom Burke , BOR 
Ken :aovee , USFWS · 

Robert George , BOR 

Alphabe tical list of Reviewer Code Affi l iation : BOR = Bureau of 
Re clamation ; E 'R • Engineering and Research Cente r ,  Denve r ,  BOR; 
HBRS = Heberlein Baumgartne r Re search Services , Madison , WI ; 
NPS • National Park Service ; USFWS = U . s . Fish and tii l dlife 
Service ; USGS = u . s .  Geological Survey 
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Glen Canyon Environmental Studies Review Process - Continued 

REPORT 

II - 3 

I I I  - l 

I I I  - 2 

I I I  - 3 

I I I  - 4 

IV - l 

IV - 2 

IV - 3 .  

IV - 4 

IV - 5 

INTERNAL REVIEWERS 

Frank Baucom, USFWS 

Bob Baumgartne r ,  HBRS 
Mike O ' Donne l l ,  BOR 
Curt Brown , BOR 
Martha Hahn-O " Neil l ,  NPS 

Mike O ' Donne l l , BOR 
Curt Brown , BOR 
Martha Hahn-O ' Ne i l l , NPS 

Mike O '· Donne l l ,  BOR 

Mike Ol Donne l l , BOR 
CUrt Brown , BOR 
Martha Hahn-O ' Neil l 

Steve Hodapp , NPS 

Bob MacNish , USGS 
Julie Gra f ,  USGS 
Jack S chmi dt ,  USGS 

S teve Hodapp , NPS 

Jerold Lazenby , BOR 
Ernie Pemberton, BOR 
S teve Hodapp , NPS 

E rnie Pemberton , BOR 
Je rold Lazenby , BOR 
Tim Randle , BOR 

EXTERNAL REVIEWERS 

S teve Carothers , Environ
mental Consultant 

Chuck McAda , USFWS 
Gerold Cole , Envi ronmental 

Cons ultant 
Jame s  La Bounty , BOR 
Thomas Burke , BOR 

John Loomi s ,  Uni v .  of Cal . , 
Davis 

Bo She lby , Oregon S tate Uni v  
John Loomis , Uni v .  ··of Cal . , 

Davi s 

Tom Park e r ,  Re creation 
Consultant 

Sob Strand, BOR, E ' R 
Jim Blanton , BOR, E ' R  
Bob Barton , BOR 
Dan Kimball , NPS 

Jim Robb , USGS , Woods 
Dan Kimball , NPS 

Rhea Wi l liams , USGS 
David Ruben , USGS 
Dan Kimbal l ,  NPS 

Errol Jensc� , BOR 
Chris Bogl , BOR 
Martin Roche , BOR 
Rick Gold ,  BOR 
Dan Kimbal l ,  NPS 

Hole 

Fred Raichlen , Ca l i fo rni a  
Ins t .  of Technology 
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Glen Canyon Envi ronmental S tudies Review P rocess - Con tinued 

REPORT 

IV - 6 

IV - 7 

IV - B 

IV - 9 
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' (  

v - . 1 

v - 2 

INTERNAL REVI EWERS 

S teve Hodapp , NPS 
D i ck Marks , NPS 

S te ve Hodapp , NPS 
Julie Graf , USGS 

S ue Kieffe r ,  USGS 

Tom Gamble , BOR 
S teve Hodapp , NPS 
Wayne Cook , BOR 

S teve Hodapp , NPS 
Wayne Cook , BOR 

EXTERNAL REVIEWERS 

Jerry Wi tucki , NPS 

Bob S trand , BOR, E &R 
Jim Blanton , BOR, E & R  
Bob Barton , BOR 
Dan Kimbal l ,  NPS 

Jerry . Wi tucki , NPS 
Dan Kimbal l ,  NPS 

S teve " Rene au , Uni v .  of 
Cal i fornia , Berke ley 

Tom Pierson , USGS 
Dan Kimbal l ,  NPS 

Bob S trand, BOR, E & R  
Jim Blan ton , BOR, E &B 
Bob Barton , BOR 
Dan Kimba l l , NPS 
Marshall Flug , NPS 

Bob S t rand, BOR, E &R 
Jim Blanton , BOR, E &R 
Bob Barton , BOR 
Dan Kimball , NPS 
Marshall· Flug , NPS 

Je ff MCCoy , We s te rn Area 
Powe r Adminis tration 

Patri cia Port ,  NPS 
William Swan , USDI Sol i citor 
Dave S ti l ley , Lawyer 
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APPENDIX C 

GLEN CANJON ENVIRORMENTAI. STIJDIES 
RESEARCH INVESTIGATORS 

National Park Service 

L .  Susan Anderson 
Lawrence Be l l i  
Nancy Brian 
Bryan T .  Brown 
Durl Burkham 
Martha G .  Hahn - O ' Ne i l l  

Bureau o f  Reclamation 

Curtis  A .  Brown 
Ron Ferrar i 
Ernest  L .  Pemberton 

R .  Roy Johnson 
Lauren M .  Lucas 
Mar ie McGee 
George A .  Ruffner 
Lawrence E .  S tevens 
Gwendolyn L .  War ing 

Michael G .  Puchere l l i  
Timothy Randle 
David L .  Wegner 

Arizona Game and Fish Department 

Dennis M .  Kubly 
Henry R .  Maddux 
Wil l iam R .  Persons 
Cec i l  R .  Schwalbe 

- 190 -

Richard H .  S taedicke 
J ames C .  deVos , J r . 
Peter L .  Warren 
Rebecca L. Wr ight 
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Northern Arizona University 

Dean W .  B l inn 
Gloria G .  Hardwick 
Wi l l iam C .  Le ib fr ied 

U . S .  Geological Survey 

Jul ia B .  Graf 
Susan Werner Kie ffer 
J ack C .  Schmidt 

Others 

W .  Linn Montgomery 
Chr i s  Pinney 
Howel l  D .  Usher 

Robert Webb 
Richard P .  Wilson 

Michael D .  Yard , Humphrey Summit As soc iates 

Loren Haury , Scripps Ins t i tut ion o f  Oceanography 

A .  Heaton Underhill , Michae l H .  Ho ffman , and Ronald 
E .  Borkan , Cooperative Nat ional Park Re sources 
S tudies Unit , Univers ity o f  Ar izona 

Richard C .  B ishop , Kevin J .  Boyle , Michae l P .  

Wel sh , and Robert M .  Baumgartner ,  
Heberle in- Baumgartner Res earch Services 

Copyr ight  © Nat iona l  Academy o f  Sc iences.  A l l  r igh ts  reserved.

River  and Dam Management :   A  Rev iew o f  the  Bureau o f  Rec lamat ion 's  Glen Canyon Env i ronmenta l  S tud ies
ht tp : / /www.nap.edu/cata log.php?record_ id=18926

http://www.nap.edu/catalog.php?record_id=18926


APPENDIX D 

GLEN CANYON ENVIRONMENTAL STUDIES REPORTS 

Index to author affi l iation abbreviations : AGF -
Ar izona Game and Fish ; BOR - Bureau of  Reclamation ; 
CPSU - Cooperat ive Park S tudy Unit , Univers ity o f  
Ar izona ; DPO - Durango Proj ects Office ; E&R -
Engineer ing and Research Center , Denver ; GCNRA 
Glen Canyon Nat ional Recreation Area ; HBRS -
Heberle in - Baumgartner Research· Service , Wiscons in ; 
NAU - Northern Ar iz ona Univers ity ; NPS - Nat ional 
Park Service ; and USGS - U . S .  Geological Survey . 

SEDIMENT TRANS PORT AND HYDROLOGY 

1 .  Trends in Selected Hydraul ic Var iables for the 
Colorado River at Lee s  Ferry and near Grand Canyon 
for the Period 1 9 2 2 - 19 84 . ( Consultant to NPS ) 

2 .  Uns teady Flow Mode l ing o f  the Re leases  from 
Glen Canyon Dam at Selected Locations in Grand 
Canyon . ( BOR) 

3 .  Sonar Patterns o f  the Colorado River Bed in the 
Grand Canyon . (USGS ) 

4 .  Sediment Data Collection and Analys is  for Five 
S tations on the Colorado River from Lees Ferry to 
Diamond Creek . ( Consultant to BOR) 

- 1 9 2 -
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5 .  Sediment Transport and River S imulation ( STARS ) 
Mode l Development . ( BOR , E&R) 

6 . Re sults  and Analys i s  o f  STARS Model ing Efforts 
of the Colorado Rive r in Grand Canyon . ( Consultant 
to BOR and BOR , E&R) 

7 .  Recent Aggradation and Degradation of Alluvial 
Sand Depos its , Colorado River , Grand Canyon 
Nat ional Park , Ar izona . (USGS ) 

8 .  Topographic Surveys o f  Se lected Sandy Beaches 
Along the Colorado River in the Grand Canyon 
National Park . ( BOR , DPO ) 

9 .  The Rap ids and Wave s o f  the Grand Canyon , 
Ar izona . (USGS ) 

10 . Debris  Flows from Colorado River Tr ibuta r ies 
in the Grand Canyon National Park . (USGS ) 

AQUATIC  BIOLOGY 

1 .  Evaluation o f  Varied Flow Regime s on Aquatic 
Re s ources of  Glen and Grand Canyons . (AGF and 
NAU ) Thi s  report covers : 

Mains tream Aquatic S tudy 
Aquatic Reproduc t ion 

S tudy 
Lees  Ferry Fi shery 
Macro invertebrate S tudy 
Aquatic Hab i tat S tudy 

Tr ibutary Aquatic 
S tudy 

Fish Movement S tudy 
Algal S tudy 
Plankton S tudy 
Water Qual i ty S tudy 

2 .  Ins tream Flow Microhab i tat Analys is  and Trends 
in the Glen Canyon Dam Tailwater . ( BOR) 

3 .  Colorado River Water Temperature Mode l ing Below 
Glen Canyon Dam . ( BOR , E&R) 
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TERRESTRIAL BIOLOGY 

1 .  Evaluation o f  Ripar ian Vege tation Trends in the 
Grand Canyon Us ing Multi temporal Remo te Sens ing 
Techniques . ( BOR , E&R) 

2 .  Aer ial Pho tographic Compar i s on of  1 9 8 3  High 
Flow Impac ts to Vege tation at Eight Colorado River 
Beaches . ( NPS ) 

3 .  Effects  o f  Pos t - Dam Flooding on Ripar ian 
Subs trates , Vege tation and Inve rtebrate Populations 
in the Colorado River Corr idor in Grand Canyon , 
Ar izona . (NPS ) 

4 .  Effec ts o f  the Pos t - Glen Canyon Dam Flow Reg ime 
on the Old High Water Line Plant Community Along 
the Colorado River in Grand Canyon . (NPS ) 

5 .  The Effects o f  Recent Flooding on Riparian 
Plant Estab l ishment in Grand Canyon . (NPS ) 

6 .  Herpeto fauna Along the Colorado River in Grand 
Canyon National Park : Pos s ible Effects of 
Fluc tuat ing River Flows . (AGF)  

7 .  Fluc tuat ing Flows from Glen Canyon Dam and 
The ir Effec t on Breeding Birds of  the Colorado 
Rive r and Population Dens ities  Along the Colorado 
River in Grand Canyon . ( NPS and CPSU ) 

RECREATION 

1 .  Glen Canyon Dam Re leases  and Downs tream 
Recreat ion : An Analys is  o f  User Preference and 
Ec onomic Value s . ( HBRS ) This s tudy will  inc lude 
attribute and contingent valuation s tudie s .  

2 .  S imulat ing the Effect o f  Dam Re leases on Grand 
Canyon River Trips . ( CPSU ) 
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3 .  Reported and Ob served Boat ing Acc idents as a 
Func t ion of  River Flows from Lee s  Ferry to Diamond 
Creek , Grand Canyon Nat ional Park . (NPS , BOR , and 
CPSU ) 

4 .  Recreation Analys is  o f  the Relationship Between 
Flow Level s  and the Rate of Acc idents in the Glen 
Canyon Nat ional Recreation Area ( GCNRA) . 

GLEN CANYON DAM OPERATION 

1 .  Colorado River S torage Proj ect Cons traints and 
Operation o f  Glen Canyon Dam . ( BOR) 

2 .  Colorado River Law . ( BOR) 

GCES INTEGRATED REPORT 

1 .  Final Draft , Glen Canyon Environmental S tudies ,  
July 1 9 8 7 . 
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APPENDIX E 

BIOGRAPHICAL SICETCHES OF COMMITTEE MEMBERS 

G .  RICHARD MARZOLF ( Chai rman) rece ived his  Ph . D .  
from the Univers i ty o f  Michi gan in zoology .  Dr . 
Marzo l f  has he ld var ious pos i t ions at Kansas S tate 
Univers i ty inc luding as s i s tant profes sor of 
zoology , to assoc iate professor o f  b iology ,  and 
assoc iate director o f  the divi s ion of  b i ology .  He 
is currently pro fessor  o f  biology .  He was also 
vi s i ting profes sor o f  zoology at the univers ities  
of  Wiscons in , Oklahoma , and Oregon . He  is  a member 
of  the International As soc iation of Theore tical and 
App l ied Limnology , American Society of Limnology 
and Oceanography , and Ecological Society of  
America . His areas o f  res earch are re servo ir  
l imnology , and ripar i an/s tream l inkages . Dr . 
Marzolf  i s  a member o f  the NRC ' s  Water S c i ence and 
Te�hnology Board . 

VICTOR R. BAKER rece ived his Ph . D .  in geology 
in 1 9 7 1  from the Univers ity o f  Colorado . He is  
professor o f  geosciences ,  professor  of  plane tary 
sc iences , and profes sor in the Lunar and Plane tary 
Laboratory at the Univers i ty of Ar izona . Dr . Bake r 
has worked as a hydrolo gis t/geophys i c i s t  for the 
U . S .  Geological Survey ; as the c i ty geo logis t  o f  
Boulder , Colorado ; and a s  a research sc ient i s t  for 
the Bureau o f  Economic Geology at the Univers ity o f  
Texas . He has authored approximate ly 100 res earch 
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papers , p lus numerous reports , ab s tracts , and 
encyc lopedia articles . His  books inc lude � 
Channe l s  o f  Mars , Flood Geomorpholo&Y , Catas tropic 
Floodinz , Surficial Geolo&Y , and � Channeled 
Scabland . He has served on numerous technical and 
advis ory commi ttees , inc luding NRC committees and 
NASA programs . Spec ific proj ects o f  interes t  have 
inc luded paleohydro logic s tudies in Texas , Utah , 
Ar izona , and northern Aus tral ia ; flood 
geomorphology ; channe ls , valleys , and geomorphic 
features on Mars ; r iver morphology in South 
Amer ica ; and kars t  hydrology in New York . 

DAVID DAWDY rece ived his  M . S .  in s tati s tics 
from S tanford Univers i ty .  His  profe ss ional 
experience i s  with the U . S .  Geological Survey from 
19 5 1  to 1 9 7 6  as research hydraul ic engineer ; 
adj unc t professor  o f  c ivil engineering from 1 9 6 9  to 
1 9 7 2  at Colorado S tate Univers ity , Ft . Coll ins ; 
as s i s tant district chief for programming , 
Cal i fornia D i s trict , Water Re sources Divis ion from 
1 9 7 2  to 1 9 7 5 . He has served on numerous advisory 
groups  inc luding NRC committees . From 1 9 7 6  to 1 9 8 0  
h e  was ch ief hydrologi s t  with Dames and Moore in 
Washington , D . C . , and is currently a pr ivate 
consul tant in surface water hydrology . 

CHARLES R .  GOLDMAN rece ived his  Ph . D .  in 
l imnology ( fi sheries ) from the Univers ity o f  
Michigan i n  1 9 5 8 . H e  was employed a s  a research 
as s i s tant in aquatic b i o logy at the S tate Natural 
His tory Survey in I l l ino i s ; teaching fe llow in 
fisheries  at the Univers i ty of Michigan from 1 9 5 5  
t o  1 9 5 7 ; b iologist  o n  fisheries  research a t  U . S .  
Fish and Wi ldl i fe Service , Alaska , 1 9 5 7  to 19 5 8 ; 
from ins tructor to professor  of zoology , 1 9 5 8  to 
1 9 7 1 , and director , Ins t i tute of Eco logy , 1 9 6 3  to 
1966 . He i s  now professor  and director of the 
Tahoe Res earch Group , and professor , Divis ion of  
Environmental S tudies ,  at the Univers ity of  
Cal i fornia at Davis . He  is  a member and pas t 
pre s i dent o f  the American Society of Limno logy and 
Oceanography and U . S .  representat ive to the 
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International As sociat ion of Theoretical and 
Appl ied Limnology . His  textbook Limno logy with A .  
Ho rne was pub l i shed in 1 9 8 3 . Ano ther book , 
Environmental Effects o f  Water Deve lopment for the 
Na t ional Water Commis s ion was approved in 1 9 7 3 . 
His  research interests , large ly supported by NSF 
grants , are aquatic bio logy- l imnology , biological 
produc t ivi ty , eutrophicat ion and nutrient - l imit ing 
fac tors in lakes , trop ical reservo irs , and 
environmental impacts o f  hydroelectric proj ects . 

WILLIAM GRAF rece ived his  Ph . D .  in Augus t 1 9 74 
from the Univers i ty of Wis cons in at Madison with a 
maj or in phys ical geography and a minor in water 
resourc es management . He spec ialized in fluvial 
ge omorpho logy , hydro logy , cons ervation pol icy and 
public land management , and aer ial photographic 
interpre tation . He was director , Center for 
Southwe s t  S tudies at Ar izona S tate Univers i ty , from 
1 9 8 1  to 1 9 8 3 . He has served as consult ing 
geomorphologi s t  for the U . S . Army Corps of  
Engineers in  a res earch and advisory role 
conce rning the environmental impact asses sment of 
flood control works , Salt and Gila Rivers in 
Arizona ; and for Camp , Dres ser , and McKee , Inc . by 
wr iting a report on geomorphology and geology o f  
the we s tern S a l t  River Val ley , Ar izona . H i s  
research ac tivi ties  have inc luded fluvial 
geomorphology and the e ffec ts of  human ac tivi ties  
on _ s treams ; pub l ic land management , especially 
wilderness  preservation , and rap ids in canyon 
rivers , dynamics and recreat ion management , 
Ar izona , Utah , and Colorado . Dr . Graf has 
pub l i shed many articles  and book chapters on the 
impact o f  suburbanizat ion on fluvial geomorpho logy ; 
resources , the environment and the American 
exper ience ; and the e ffec t  o f  dam closure on 
downs tream rap ids . 

EVE GRUNTFEST rece ive d her Ph . D .  in geography 
from the Univers ity of Colorado , Boulder , in 1 9 8 2 . 
Her research focuses on human re sponse to natural 
and techno logical hazards and recreation planning . 
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I n  1 9 8 5  she developed a Flood Haz ard Mitigation 
Plan for Mani tou Spr ings , Colorado , sponsored by 
the Federal Emergency Management Agency . In 1 9 8 6 , 
with funds from the Nat ional Science Foundation , 
the National Oceanic and Atmospheric 
Adminis trat ion , and the U . S .  Army Corps of  
Engineers , Dr . Gruntfe s t  organized the Sympos ium 
"What We Have Learned S ince the Big Thompson 
Flood . " S ince 1980  she has been as s is tant 
professor  in the Department of Geography at the 
Univers i ty of Colorado , Colorado Springs . 

W .  MICHAEL HANEMANN rece ived his  Ph . D .  in 
public  finance and dec is ion theory from Harvard 
Univers i ty in 1 9 7 8 . S ince 1984  he has been 
as sociate profe s sor in the Department of 
Agricultural and Res ource Economics at the 
Univers i ty of  Cal ifornia at Berkeley . He has been 
a lecturer at the Department of Economics at 
Northeastern Univers i ty , Bos ton ; consultant , 
National Bureau of  Economic Research , Inc . , for the 
National Commiss ion on Water Qual ity ; economic 
consultant , Urban Sys tems Re search and Engineer ing 
Inc . ; and s taff economist  at Urban Sys tems and 
Engineer , Inc . Dr . Hanemann has also served as a 
consul tant to the U . S .  Environmental Protection 
Agency ; U . S .  Department o f  Energy ; and the 
Cal ifornia Department o f  Water Resources .  He has 
been author and c o - author of many pub l icat ions , 
such as a Tbeoretical and Empirical S tudy of  the 
Recreation Benefits from Improving Water Qual ity in 
the Bos ton Area ; The Economics  of Water Development 
and Us e in Cal i fornia Water Planning and Pol icy : 
Se lected I ssues ; and "Wel fare Evaluations in 
Cont ingent Valuat ion Experiments with Discrete 
Responses " in the American Journal of Agr icul tural 
Economics among others . 

DONALD R . F .  HARLEMAN rece ived his  doc torate in 
c ivil engineer ing from MIT . He has he ld var ious 
pos itions at MIT s ince 1945 , from research 
as s is tant to his  pre sent po s it ion as Ford Profe s sor 
of Engineer ing . His  maj or research intere s ts are 

Copyright © National Academy of Sciences. All rights reserved.

River and Dam Management:  A Review of the Bureau of Reclamation's Glen Canyon Environmental Studies
http://www.nap.edu/catalog.php?record_id=18926

http://www.nap.edu/catalog.php?record_id=18926


- 200 -

in fluid transport and mix ing proce s s e s  as 
affect the e ffluents discharged into lakes , L 

reservo irs , es tuaries , or  the oceans ; mathemat � 
and phys ical models for water qual i ty contro l ; 
coas tal engineer ing and tidal hydraul i c s ; 
s trati fied flow due to temperature and sal inity ; 
was te heat disposal as soc iated with electrical 
energy generation by fos s il or motor fuel s ;  and 
so lar energy c o llect ion and s torage by means o f  
s a l t  gradient solar ponds . H e  has been a member o f  
the NAE s ince 1 9 7 4 . 

EVELYN HOWELL rece ived her Ph . D .  in botany from 
the Univers ity of Wiscons in -Madi s on in 1 9 7 5 . Her 
pro fe s s ional experience has been as teaching 
as s i s tant , Department of Botany , University of  
Wiscons in , 1 9 6 9  to  1 9 7 1 ; research as s i s tant , 
International Biological Program , 1 9 7 1 ; fe llow , 
Department o f  Botany , Univers i ty of  Wiscons in , 1 9 7 2  
t o  1 9 7 3 ; and research as s i s tant , Crit ical Re soU J· n· s  
Information Program , 1974 . She i s  currently 
as soc iate pro fessor , Department of Landscape 
Architecture , at the Univers ity of  Wiscons in . Dr . 
Howe l l  has served on many univers ity committees for 
the Ins t i tute for Environmental S tudies ,  the 
Univers i ty Arboretum Center for Res torat ion 
Ecology , and the Department o f  Landscape 
Architecture . She has pub l i shed many articles and 
co - authored many book chapters on such subj ects 
as : .  introduc t ion of  se lected prairie forb s  into an 
e s tab l i shed " tall grass prairie res torat ion ; the 
role of ecology in lands cape architec ture ; field 
s tudy of nat ive plant communi ties ; and concepts o f  
resource de fini tions , uses , and measurements , among 
others . 

TREVOR C .  HUGHES rece ived his Ph . D .  in c ivil 
engineering from Utah S tate Univers ity . His 
profe s s ional experience include s teach ing s ince 
19 7 2  at Utah s·tate Univers ity in the C ivil and 
Environmental Engineer ing Department ; research 
experience as NDEA fellow at Utah S tate ; as soc iate 
pro fe s s o r  of  C ivil and Environmental Engineer ing , 
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Utah Water Research Lab ; and research sc ientist  at 
International Ins t i tute of Appl ied Sys tems 
Analys i s , Aus tria . S ince 1 9 7 1  he has conducted 
re search proj ects on the management of sal ini ty in 
the Colorado Bas in ; drought management analys is and 
pol icy de s ign ;  regional planning of rural water 
supp ly sys tems ; economic analys is of alternative 
water conservation concepts ; river sys tem 
operational mode ls - - Sevier River ; and appl icat ion 
and deve lopment of water demand functions for 
domestic  water sys tems at recreation developments .  

JOHN V .  KRUTILLA received his  Ph . D .  from 
Harvard Univers i ty .  His profe s s i onal experience 
includes director , Natural Environments : 
Wildlands , Wildl i fe and Scenic Resources Program �t 
RFF , 1 9 6 8  to 1974 ; princ ipal economis t , TVA , 1954  
to  19 5 5 ; and research as sociate , Resources for the 
Future , 1 9 5 5  to 1960 . He has been senior fe llow at 
Resource s  for the Future s ince 1975 . He has served 
as a consultant to the NAS , the U . S .  Government , 
and the United Nations . 

WILLIAM M .  LEWIS ,  JR . , received his  Ph . D .  in 
zoology with a minor in mathematics from Indiana 
Univers i ty in 1 9 7 3 . He was a research as sociate 
and subsequently adj unct as s is tant professor of 
zoology at the Univers i ty of Georgia between 1 9 7 3  
and 1 9 74 . I n  1974 , he moved t o  the Univers i ty o f  
Colorado at Boulder a s  as s i s tant profes sor o f  
b iology .  At the Univers ity of Colorado he held the 
rank o f  as s i s tant professor from 1974 to 1 9 7 8 , 
as sociate professor from 1 9 7 8  to 1 9 8 2 , and 
pro fessor after 1 9 8 2 . He is  presently director o f  
the Univers i ty of  Colorado Center for Limno logy . 
Dr . Lewis  was a Guggenhe im fe llow in 1980  to 1 9 8 1  
and has previous ly served on NRC committees . His  
interests inc lude aquatic food chains , trophic 
s tatus o f  lakes , chemistry of surface water , mas s 
transport by large r ivers , and interactions between 
floodplains and rivers . 

NANCY Y .  MOORE rece ived her Ph . D .  in water 
res ources sys tems with a minor in operations 
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research and econometrics from the Unive rs ity of 
Cal i fornia at Lo s Angeles . Her the s i s  was entitled 
" Opt imal Solut ion to the T iming , Sequenc ing and 
S iz ing o f  Mul t iple Re servo ir Surface Water Supply 
Fac i l ities  When Demand Depends on Price . " Her 
profe s s ional experience include s research 
as s i s tant , Department o f  Engineer ing Sys tems , UCLA , 
1 9 7 1  to 1 9 7 3 ; c ivil engineer , Inve stigations 
Sect ion B ,  Water Re source s  Branch , U . S .  Army Corps 
of  Engineers ; postgraduate research engineer , 
Department o f  Engineer ing Sys tems , UCLA , 1 9 74 to 
1 9 7 5 ; lecturer , S chool of Engineer ing and Appl ied 
Science , UCLA , 1 9 7 8  to 1 9 8 3 ; and as sociate 
engineer , The Rand Corporat ion , 1 9 74 to 1 9 7 6 . She 
is a regis tered c ivil engineer in the S tate of  
Cal i fornia and is  currently Director o f  Deve lopment 
for RAND . Dr . Moore ' s  interests are the economic , 
legal , and ins titut ional aspects of water 
resources .  

DUNCAN T .  PATTEN rece ived his Ph . D .  in botany 
from Duke Univers i ty .  His  profess ional experience 
inc lude s be ing as s i s tant professor of Botany at 
Virginia Polytechnic Ins titute from 1 9 6 2  to 1 9 6 5 ; 
as s is tant pro fessor to assoc iate professor , 1 9 6 5  to 
1 9 7 3 ; as s i s tant academic vice pres ident from 1 9 7 2  
t o  1 9 7 6 ; and h i s  current pos it ion a s  professor o f  
Botany a t  Ar iz ona S tate Univers i ty s ince 1 9 7 3  and 
director , Cente r for Environmental S tudies , s ince 
1 9 � 0 . He served on the Commis s ion on Natural 
Re sources of the NRC from 1 9 7 5 to 1 9 7 6  and is on 
the Board on Environmental S tudies and Toxicology 
o f  the NRC . His  research interests inc lude ecology 
o f  montane and subalpine zone s of  Ye llows tone 
National Park and northern Rocky Mountains ; 
autoecology o f  de sert succulents ; heat and water 
flux within de sert ecosys tems ; ripar ian processe s ; 
and man ' s impacts on semiar id ecosys tems . 

HEINZ STEFAN rece ived his doctorate in 
hydraul ic engineer ing from the Univers ity o f  
Toulouse , France . H i s  profe s s ional experience 
inc lude s his present pos i t ion as professor  of water 
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resources  engineering and hydromechanics at the 
Univers i ty o f  Minnesota s ince 1 9 7 7 ; as soc iate 
director , S t . Anthony Falls  Hydraul ic Lab , 
Univer s i ty o f  Minnes o ta 1974  to present ; and 
as s is tant to assoc iate professor at the Univers ity 
o f  Minnesota from 1 9 6 7  to 1 9 7 2 . He has taught 
courses in fluid mechanic s , water resources 
engineering , hydrology , analys is , and model ing 
aquatic environments and ground water flow . His  
research interests  are in the analys is o f  e ffluent 
p lumes , heat budgets of lakes , dispers ion of mas s  
and heat i n  surface and ground water flow , dens ity 
currents , model ing o f  lake temperature regimes , and 
s trati fication and s tream and lake produc tivity 
analys is  and model ing . 

A .  DAN TARLOCK rec e ived his LL . B .  from S tanford 
Univers i ty . His profess ional experience inc ludes 
private practice , San Franc i sco , 1 9 6 6 ; profes sor in 
res idence at a law firm in Nebraska , summers of 
1977  to 1 9 7 9 ; and consultant . He has been a 
profes sor o f  law at Chicago Kent College of Law 
s ince 1 9 8 1 . He has authored and co - authored many 
publ ications and art icles concerning water 
resources management and environmental law and 
pol icy . Mr . Tarlock served as a member o f  an NRC 
Commi ttee on Pes t  Management and co - authored one o f  
the bas ic casebooks i n  water law .  
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