
Simulating the effects of dam
releases on Grand Canyon river trips

Item Type Thesis-Reproduction (electronic); text

Authors Borkan, Ronald E.,1958-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:06:33

Link to Item http://hdl.handle.net/10150/191879

http://hdl.handle.net/10150/191879


SIMULATING THE EFFECTS OF

DAM RELEASES ON

GRAND CANYON RIVER TRIPS

by

Ronald Ellis Borkan

A Thesis Submitted to the Faculty of the

SCHOOL OF RENEWABLE NATURAL RESOURCES

In Partial Fulfillment of the Requirements
For the Degree of

MASTER OF SCIENCE
WITH A MAJOR IN RENEWABLE NATURAL RESOURCE STUDIES

In the Graduate College

THE UNIVERSITY OF ARIZONA

1986



A. HEATON UNDERHTT.T., Thesis Director
Professor of
le Natural Resour

PETER F. •LLIOTT
Professor of

Renewable Natural Resources

STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of
requirements for an advanced degree at the University of Arizona and is
deposited in the University Library to be made available to borrowers
under rules of the Library.

Brief quotations from this thesis are allowable without special
permission, provided that accurate acknowledgment of source is made.
Requests for permission for extended quotation from or reproduction of
this manuscript in whole or in part may be granted by the head of the
major department or the Dean of the Graduate College when in his or her
judgment the proposed use of the material is in the interests of
scholarship. In all other instances, however, permission must be
obtained from the author.

SIGNED:

APPROVAL BY THESIS CCMMIiiht,

This thesis has been approved on the date shown below:

/'Ay 
Date

Professor o
Renewable Na al Resources  

WILLIAM W. SHAW
Associate Professor of

Renewable Natural Resources



The Bureau of Reclamation provided financial support for this

study, and I am most grateful to them. Thanks are extended to Dave

Wegner, project coordinator, Glen Canyon Environmental Studies, Mike

0 -Donnell, recreation subteam leader, and the members of the subteam:

Bob Baumgartner, Larry Belli, Curtis Brown, Martha Hahn-( -Neill, Tom

Heberlein, Steve Hodapp, Mike Hoffman, John Loomis and Heaton Underhill.

The Cooperative National Park Resources Studies Unit, National

Park Service provided administrative assistance and computer support.

- Special thanks and gratitude go to A. Heaton Underhill, who

served as project leader, thesis director, and graduate advisor. His

vast experience in the field of public natural resource management, as

well as his knowledge of the model, was of invaluable assistance. I

also wish to acknowledge the help of the other members of my graduate

committee, Peter F. Ffolliott, David A. King, and William W. Shaw.

I am grateful to Ace Crenshaw and Ed Duke of the Coronado

National Forest for their assistance in running the simulation model.

The staff at Grand Canyon National Park, particularly Jennifer

Burns, Kim Crumbo, Dennis HaSkew, Kim Johnson, Becca Lawton, Jennifer

Lawton, Ruth Ann Murray, Stan Steck and John Thomas were most helpful.

Thanks are also extended to to the many Colorado River boatmen who

provided data.

And finally, thanks are due to Linda Bradley Curtis, who

provided me with patience and emotional support to complete this study.

iii



TABLE OF CONTENTS

LIST OF TABLFq 	  vi

LIST OF ILLUSTRATIONS 	  vii

ABSTRACT 	  viii

1. INTRODUcaiON 	

Background of the Wilderness Use Simulation Model  	 2
Development of the Model and Early Applications . . . . . 	

•	

3
Capabilities 	 5
Limitations  	 7

2. METHODS: USING AND MODIFYING THE MODEL 	 8

Components 	 8

The Route Network  	 8
User Characteristics 	  10
User - Route Interactions  	 • . 

▪

 11
User - User Interactions 	  13
User - Flow Interactions 	  13
Model Output 	  16

Modifications 	  17

3. ENCOUNTERS, SATISFACaiON AND VALIDITY   23

Encounters, Density, Crowding and Satisfaction 	  23

Encounters and Validity 	  29

4. RESULTS 	  31

July Launch Schedule 	  31

July Flow Scenarios 	  31
Comparison of July Alternatives by the Model 	  35
July Summary 	  43

	

May Launch Schedule   45

May Flow Scenarios 	  45
Comparison of May Alternatives by the Model 	  50
May Summary 	  57

iv



TABLE OF CONTENTS- -continued 

5. DISCUSSION 	  59

Discussion of Dam Release Alternatives 	  64

6. SUMMARY AND CONCLUSIONS 	  68

APPENDIX: TRIPS CREATION PROGRAM 	  74

REFERENCES 	  78



LIST OF TABLES

1. July 1984 Launch Schedule 	  12

2. Names and locations of 11 river flow gauging stations, as
computed by SSARR flow model 	  19

3. Benchmark flows, in cf s, below which delays occur at rapids,
by boat type 	  21

4. Correlations with satisfaction for Grand Canyon floaters . . . 	  27

5. Comparison of actual river trip encounters with simulation
model results: 1975 - 1985 	  29

6. Average number of encounters per party per visit to selected
attraction sites, by July alternative 	  37

7. Campsite arrival times, by July alternative 	  38

8. Average number of encounters per party per day, by July
alternative 	  40

9. Number of encounters per week, as seen by an observer, by
July alternative 	  41

10. Statistics about delays and encounters at rapids, by

	

July alternative     42

11. Summary of the effects ofthe-July alternatives- 	  -44-

12. May 1984 launch schedule 	  46

13. Average number of encounters per party per visit to selected
attraction sites, by Mey alternative 	  51

14. Campsite arrival times, by May alternative 	  52

15. Average number of encounters per party per day, by
May alternative 	  53

16. Number of encounters per week, as seen by an observer, by
	May alternative    . . 54

17. Delays and encounters at 24 rapids, by May alternative . . . . . -56

18. Summary of the effects of the May alternatives  	 . 58

.vi



LIST CF ILLUSTRATIONS

1. Page of river map (Stevens 1983) 	  9

2. The effects of dam releases on river flow through
Grand Canyon National Park 	  14

3. A crowding model (Manning 1986) 	  24

4. Alternative 1 - July hourly dam releases 	  33

5. Alternative 2 & 5 - July hourly dam releases 	  33

6. Alternative 3 - July hourly dam releases 	  34

7. Alternative 4 - July hourly dam releases 	  34

8. Alternative 1 - May hourly dam releases 	  47

9. Alternative 2 - May hourly dam releases 	  48

10. Alternative 3 - May hourly dam releases. 	  48

11. Alternative 4 - May hourly dam releases 	  49

12. Alternative 5 - May hourly dam releases 	  49

13. Trips creation programflowchart 	  75

vii



ABSTRACT

The Bureau of Reclamation and the National Park Service are

cooperatively sponsoring a series of studies to determine the downstream

impacts of various release patterns from Glen Canyon Dam. In order to

simulate the impacts of dam releases on Grand Canyon river trips, the

Lucas-Shechter Wilderness Use Simulation Model (4USM) was modified. The

output of the Streamflow Synthesis and Reservoir Regulation (SSARR)

computer flow model for the Colorado River was linked with the WUSM to

provide data on the impacts of alternative dam releases on river trips,

including delays at rapids, encounters with other parties, and the time

available for visiting attraction sites. Comparison and analysis of the

model's outputs illustrate the effects of alternative scenarios on river

trips through Grand Canyon National Park.
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CHAPTER 1

INTRODUCTION

With the closing of Glen Canyon Dam in 1964, a white water

boating season on the Colorado River through Grand Canyon National Park

(GCNP) was created. Prior to this time, rafting the Colorado through

the canyon was very dangerous, and only attempted by true adventurers.

The closing of the dam also had major impacts. Upstream, Glen Canyon,

now under the jurisdiction of the National Park Service (NPS), was

turned into a large reservoir. The effects of flooding this canyon were

studied prior to its occurrence. Downstream, the raging Colorado River

which flowed through GCNP was to become tame, yet this was not studied.

Seventeen years later, the Bureau of Reclamation, in conjunction

with other federal agencies, initiated research on determining what

impacts Glen Canyon Dam releases have on the geology, biology,

hydrology, and recreational resources of the Colorado River through

Grand Canyon National Park. This particular study sought to modify the

Lucas-Shechter Wilderness Use Simulation Model (WUSM) to simulate the

effects of dam releases on white water river trips. Its objectives were

four-fold: First, could the WUSM be modified to incorporate the effects

of fluctuating dam releases? Second, what effects of dam releases could

the model simulate, and which could-it not? Third,-how important are

these to management? And fourth, could the model successfully test

alternative flow scenarios?

1
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Background of the Wilderness Use Simulation Nbdel 

The demand for the type of recreational experiences provided by

wilderness or wilderness-like areas has been growing at a rapid rate

over the last thirty years. This increasing level of wilderness use,

leading as it does to congestion and ecological deterioration, has

become an extremely important problem for management. It has reached

such proportions in some areas that direct controls on the number of

users has been instituted (Shechter 1975).

The prospect of unregulated demand creating congestion gives

rise to two related problems; potentially adverse effects upon the

recreational experience, and effects upon the supporting ecosystem.

Both of these can create problems: the social/psychological environment

is affected by too many people using an area, and the physical

environment suffers resource damage. Solving either of these problems

by establishing usage limits requires a good understanding of the

amount, type, and distribution of use.

After the fact, one can tell where problems of congestion exist,

or where intensified use has led to adverse resource impacts. But

ideally, one would like to be able to forecast such situations before

they occur. In the past, our Ability to estimate future use patterns

under alternative management actions has been limited. It became

apparent in the late 1960's that a computer simulation model of

wilderness use would be a useful tool in quantifying recreational use.

It also would allow testing allocation alternatives on a computer rather

than on users. It was hoped that a model could be developed whidh

incorporated different kinds of users at various locations.
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Development of the Model and Early Applications 

A computer simulation model was developed through a cooperative

effort by the USDA Forest Service, Resources for the Future and

International Business Machines, Inc. (Heck & Webster 1973). The first

application of the model was on the Spanish Peaks Primitive Area in

Montana (Cicchetti & Smith 1973; Smith & Ktutilla 1974, 1976). The

model input consisted of existing visitation data supplemented by a user

survey. The second use of the model was done on the West Canada Lakes

Wilderness Area in the Adirondack Preserve (Smith & Headly 1975).

Based on these early applications, and a workshop with

wilderness managers from the USDA Forest Service and NPS, several

modifications were- made to the model. It was then applied to a complex,

real management problem - the preparation of a revised management plan

for the Des6lation Wilderness in California (Shechter and Lucas 1978).

The complexity of the trail system and high levels of use made this

application the most difficult ye. Nineteen management scenarios were

tested. From these studies and tests, the Wilderness Use Simulation

Model emerged.

The first river application of the model was on the Green and

Yampa Rivers in Dinosaur National Monument (McCool et al. 1977; Lime et

al. 1978). They modified the model to predict patterns of recreational

use which closely approximated actual conditions as recorded by Park

Service managers. Six management scenarios Were tested which

illustrated the effects of increased use levels, seasonal patterns, and

changes in the campsite system. They concluded that the model was a

useful tool in predicting the impact of these changes.
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Application of the model to the Colorado River in Grand Canyon

began in 1975 as a result of the Colorado River Research Program

(Johnson 1977) initiated by Grand Canyon National Park. In 1975, Bo

Shelby and Joyce Nielsen (1976 a-d) commenced data collection on river

use and contacts. They also measured user reactions, expectations, and

satisfactions with different types of trips. Shelby modified the user

input of the model based on this data.

This Grand Canyon version of the model was taken over by the

Cooperative National Park Resources Studies Unit (CPSU) at the

University of Arizona. A comparison of model predictors and field

records for 1979 - 1981 was done by the unit. It indicated that the

model results differed considerably from actual field records.

Therefore the CPSU decided to restructure the input by creating river

trip itineraries via a computer program. Previous users of the model

recorded the itineraries of trips which they accompanied. The CPSU

collected data on the frequency of use of attraction sites and campsites

for inputs in this computer program. Trips that were created were more

representative of typical trips than recorded trips since they were

based on long-term usage frequencies. The use of these trips in the

model produced output which was statistically similar to the actual

field data (Underhill & Xaba 1983).

Underhill successfully tested five scenarios, with the objective

of demonstrating how the user input section could be modified to measure

the impacts of various management Changes; such as the ratio of oars to

motors, number of launchs, time of launchs, length of trips, and size of

parties.
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At the conclusion of Underhill's study, the CPSU was asked by

Grand Canyon National Park to further modify the model to test the

effect of launch schedule on encounters. The hypothesis was that trips

of the same length launched on the same day produced more encounters per

party than if trips were staggered across the week.

The model was modified to allow the direct input of a launch

schedule (previously this was not possible). Three simulations were run

to establish contact levels: (1) the existing July 1984 launch schedule,

(2) a schedule modified to reduce the number of equal length trips

launched on a given day, but retaining concessionaire launch day

preferences, and (3) a schedule which maintained the same number of

trips per week, and the same length, but evened the number launched per

day and reduced as much as possible trips of the same length launching

on the same day.

Output from these three simulations showed that the average

number of encounters experienced per party per day could be reduced 25%

and more by restructuring the daily launch schedule, without affecting

the number, type, or length of trips launched (Underhill, Xaba & Borkan

1986). At the conclusion of this study, the CPSU was asked by the

Bureau of Reclamation to modify the model to simulate the effects of

fluctuating Glen Canyon Dam releases upon Grand Canyon river trips.

Capabilities 

This simulation model can aid managers who are dealing with the

problems of placing restrictions on visitor use. Given a set of

specific management objectives regarding amounts and types of use, and
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levels of encounters, the simulator can predict which use pattern would

best accomplish these objectives.

Research on visitor attitudes has shown that the level of

contact or encounters between parties is one important measure of

congestion (Shechter 1975). Beyond some point, contact with other

groups becomes unwelcome and constitutes excess use. Thus, a practical

measure of intrusion upon solitude can be defined as the frequency of

contacts with other groups, measured by the number of encounters with

others. This model provides such measures, recording the number of

encounters that occur for each party during their trip. Since research

has shown that conflicts may also exist between different kinds of

users, the model is designed to record the number of encounters between

two types of users.

Another component of encounters and usage levels is the location

of encounters. The WUSM is designed to distinguish among contacts on

the basis of their location, whether in camp, on the trail, or at an

attraction site. A manager can examine the effects of a proposed action

on the level and kind of encounters that might occur in relatively

specific locations, such as at particular campsites or attraction sites.

How does this information translate into a management decision?

The model should be viewed as a means whereby managers can review the

probable consequences of an action in terms of usage levels and

encounters. Whether these outcomes are acceptable or not is a

management decision to be made by recreation area -managers, for the

model attaches no meanings to its outputs.
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Limitations 

It is important to recognize that simulation models are not

exact replicas of real systems. Many aspects of real life are omitted

or drastically simplified. The WUSM incorporates as many of the salient

features of wilderness travel as possible to make it a useful tool for

managers dealing with problems of use, congestion, and capacity. It is

much easier to experiment with the simulator than it is to experiment on

users. The great advantage of the simulator is in condensing what

otherwise would be a costly administrative nightmare into a set of

experiments on the computer which, hopefully, can provide rather

reliable answers to management problems.

This simulation model has approximately 3000 lines of General

Purpose Simulation System (GPSS) computer code which attempt to

reproduce the conditions of the "real world." In most all computer

models, simplifying assumptions must be made, for there are simply too

many variables. Assumptions are noted where they are important. In

addition, this model is dependent upon random number generation in order

to produce random events. As a result, there is no independence, in

other words, one event is dependent on the previous event. Therefore, -

the results of one simulation can not be subjected to parametric

statistical analysis. However, two simulations can be compared

parametrically, since they are independent of one another.



CHAPTER 2

METHODS: USING AND MODIFYING THE MODEL

The Wilderness Use Simulation Model (WUSM) was originally

designed to simulate the use of a wilderness trail system by two types

of users, hikers and riders. Its primary outputs are (1) the number of

encounters with other parties; (2) the locations where they occur; and

(3) the use of campsites, attraction sites, and trail segments. For

this study, the program was modified to simulate the impacts of

fluctuating flows on boating through Grand Canyon. This chapter

discusses the components which comprise the model, and the modifications

which were done to the model.

Components 

Tb explain-the-2various-components ofthe-simulation

section focuses on the following topics: (A) the route network, (B) user

characteristics, (C) route - user interactions, (D) user - user

interactions, (E) user - flow interactions, and (F) model output.

The Route Network

The route network describes the physical features which

constitute the trail system: trailheads, individual trail segments,

campsites, and routes. For-the -Colorado-River, each route - over which a -

party travels is a series of river segments, attraction sites and

campsites which are connected sequentially. Simulated parties proceed

8
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through river segments, stopping at attraction sites (lunch stops, side

canyons, rapid scouting locations) and campsites, according to a trip

itinerary. Each day of the itinerary includes a campsite, at least

one attraction site visit, and a length of river to travel. This model

requires that a simulated river trip have a complete trip itinerary

prior to its launch. Once on a selected itinerary, a party completes

the successive river segments, attraction sites, and campsites which

make up their route. A trip is done upon completion of its itinerary.

Figure 1 shows a page of the river map, with some attraction sites,

campsites, and river segments noted by the number which the model uses

to identify individual locations.

User Characteristics

The basic unit of users is the party. These parties define each

trip, which is made up on one or more boats, and a group of passengers.

They are defined by propulsion (oar or motor); size (small, medium,

large); and duration of trip. Previous versions of the model required

that much of the user input consisted of percentages. For example,

the percent launching each day of the week, oar vs. motor, etc. This

study required that exact launch schedules be used, so the model's code

was modified such that this could be accomplished.

The launch schedule from Lees Ferry varies by season. The

summer months of June, July and August are the busiest, with 30 or more

parties launching per week. Due to concessionaire preferences, launchs

are not spread evenly across the week. The model had been modified to

accept an actual launch schedule. Table 1 illustrates the July 1984
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launch schedule from Lees Ferry, which includes all commercial, private,

research and NPS patrol trips launched during the month. The model uses

this schedule to determine the number of parties that launch each day,

their length, and the type of trip. The launch time from Lees Ferry is

distributed between 8:00am and 2:00pm, according to observations made at

Lees Ferry during 1982 and 1983.

User - Route Interactions

For the Colorado River through Grand Canyon, river permits are

generally obtained months in advance. This permit specifies a launch

date and length of trip. However, the permittees are free to create

their own itinerary while on the river, unlike simulated river trips,

which have preplanned itineraries.

Another component in this category involves the travel time, the

time it takes to traverse each segment. River segments have an

associated travel time, expressed in minutes for a motor boat. For oar

powered boats, these transit times - are-muItiplied- by- 1.75 (computed-by

Underhill & )(aim 1983). For example, if a river segment requires 40

minutes for a motor boat, then it takes 70 minutes (40 x 1.75) for an

oar boat. Randomness is added to travel times by multiplying them by a

normal function.

Data on the amount of time which parties spend at attraction

sites were also collected for the model. All 110 attraction sites have

an associated visit time, expressed in minutes for motor parties. Visit

times for oar parties are again multiplied by 1.75. The normal function

is also used in COmputing the attraction site visit time.
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Table 1. July 1984 launch schedule showing the length of the trip in
days and the type of trip launched for each day. * = private trip; ** =
NPS patrol trip; **.* = research trip. Total number of boats launched in
July by type: oar: 271; motor: 180; paddle: 10; kayak: 119; dory: 17.

SUNDAY	 MONDAY TUESDAY WEDNESDAY THURSDAY

JULY 1	 2
6 motor	 5 motor
6 motor	 6 motor
9 motor	 12 oar
13 oar*	 13 oar
13 oar	 13 oar
14 dory	 13 oar*

3
6 motor
6 motor
7 motor
7 motor
7 motor
8 motor
9 motor
12 oar
18 oar*

4	 5	 6
6 motor	 6 motor	 8 motor
7 motor	 6 motor	 8 motor
7 motor
8 motor
8 motor
8 motor*
9 motor

7
7 motor
8 motor
8 motor
8 motor
8 motor
14 oar
14 oar*

8	 9	 10
	

11	 12
	

13
	

14
6 motor	 5 motor	 7 motor

	
6 motor	 6 motor
	

6 motor
	

7 motor
6 motor	 6 motor	 7 motor

	
6 motor	 7 motor
	

7 motor
	

8 motor
7 motor	 7 motor 	9 motor

	
7 motor	 12 oar
	

12 oar*
	

8 motor
8 motor	 8 motor	 12 oar*

	
8 motor	 16 oar*
	

14 oar*
12.car . 	9 motor	 13 oar

	
9 motor

13 oar	 12 oar
	

9 motor
18 oar*	 13 oar**

	
18 oar*

18 oar*
15	 16
	

17	 18	 19
	

20
	

21
6 motor	 5 motor
	 7 motor	 6 motor	 6 motor

	
8 motor
	

8 motor
6 motor	 12 oar
	

7 motor	 9 motor	 6 motor
	

8 motor
	

8 motor
7 motor	 12 oar
	

8 motor	 9 motor	 14 dory* 17 oar
	 8 motor

13 oar	 12 oar*
	

9 motor	 12 oar	 15 oar	 8 motor
14 oar*	 12 oar
	

12 oar*	 12 oar
	

13—oar*
13 oar
	

14 oar	 15 oar*
22	 23
	

24	 25
	

26	 27
	

28
6 motor 5 motor 	7 motor	 6 motor

	
6 motor	 6 motor 	8 motor

13 oar	 6 motor
	 8 motor	 9 motor

	
7 motor	 7 motor
	

8 motor
13 oar	 8 motor 	8 motor	 12 oar

	 8 motor	 12 oar
	

8 motor
13 dory* 12 oar
	 8 motor 	18 oar*

	
13 oar** 12 oar*
	

18 oar*
13 oar
	

9 motor	 14 oar*
	

14 oar
13 oar
	 13 oar

18 dory* 18 oar*
29	 30
	

31	 AUGUST 1	 2	 3	 4
6 motor 5 motor
	

7 motor	 6 motor	 6 motor	 8 motor	 6 motor
6 motor 9 motor 	7 motor	 8 motor	 7 motor	 12 oar	 7 motor
7 motor 12 oar
	 8 motor	 9 motor	 7 motor* 18 dory* 8 motor

13 oar	 12 oar
	 8 motor	 12 oar	 12 oar	 8 motor

14 oar* 18 oar*
	

9 motor	 12 oar***	 8 motor
14 oar
	 16 oar*	 18 oar*	 8 motor

13 oar*
14 oar
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User - User Interactions

The basic purpose of the model is to detect and record

encounters among parties under varying conditions. As mentioned in

chapter 1, this information constitutes one of the main inputs in the

decision process concerning the recreational use of a wilderness area.

An encounter occurs when two parties cross each other's paths.

This can happen four ways in the model. The first is to occupy the same

campsite overnight; this is a campsite encounter. The second way is to

approach each other from opposite directions, as occurs when hiking side

canyons; this is called a meeting encounter. The third occurs when a

party on a river segment or at an attraction site overtakes and passes

another; an overtaking encounter. The fourth is a visual encounter,

where one party sees another party at a different location.

User - Flow Interactions

Releases from Glen Canyon Dam control the flow of the Colorado

River through GCNP to Lake Mead. Lees Ferry, approximately 16 river

miles from the dam, is as close as Grand Canyon river trips come to the

dam. Even by this point, there is some attenuation of fluctuating darn

releases. A peak daily dam release may take up to 24 hours to reach

Phantom Ranch, 88 miles below Lees Ferry, and over two days to reach

Diamond Creek, at river mile 226. Figure 2 illustrates river flow as

affected by Glen Canyon Dam releases. In Figure 2a note that it takes

4 hours for a peak dam release to arrive at Lees Ferry. Figure 2b shows

the minimum and maximum daily fluctuations at 12 locations on June 18,

1979, as well as the river flow at these locations at 12:00 noon.
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There are a number of direct effects of dam releases upon

river trips. The most obvious is the fluctuation of the river level.

The volume of water released also affects the velocity of the river

flow, which increases proportionally with the volume of water released.

These velocities influence the speed of travel of boating parties on the

river. Rapids become unsafe and/or unnavigable at either extreme of

volume or velocity. At low water, rocks are exposed and boats run the

danger of being grounded between or upon them, or more serious accidents

can occur. At high water and velocity, the turbulence of the water and

size of the waves are so great that serious injury can occur to

passengers and/or equipment.

Because of fluctuations in volume of flow, the volume and/or

velocity can be significantly different at different points along the

river at any one time (Figure 2). The fluctuating nature of the river,

the "tides" produced by hourly fluctuations, are calculated by the

Bureau of Reclamation's Streamf low Synthesis and Reservoir Regulation

(SSARR) Colorado River flow model (U. S. Army 1975). This model

computes river flow for 11 downstream stations. When dam releases

fluctuate, the flow at Lees Ferry is often different from the flow at

Phantom (Figure 2b). Therefore the WUSM incorporates all 11 flow

stations, simulating the impacts of fluctuating flows as well.

Two effects of dam releases which are not simulated are complex

river velocities and boats being beached. When releases drop or rise

very quickly, there are effects on river velocity and turbulence which

are very complex. Data were not collected on these effects, and

therefore they are not simulated. Also, when the river level falls
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drastically overnight, boats parked for the night can be left high and

dry if they are not in deep enough water. Most experienced boatmen know

when to expect this, and therefore sleep on their boats, so they can

sense when this is beginning to occur. For inexperienced boatmen,

however, this can be a serious problem, particularly with a motorboat

which may weigh up to 5 tons.

Model Output

The Wilderness Use Simulation Model automatically produces

tables and matrices at the end of each simulated week. These provide

information about encounters and use levels as experienced on the river,

at attraction sites and campsites. Also included are tables which

checked that the input is being read correctly, times of campsite

arrivals and matrices of encounter data.

In addition to the weekly tables and matrices, summary tables

are also created. These provide data on the average number of

encounters experienced per party per day. At the end of the

simulation, tables are produced which combine the data from all three

simulated weeks. These final tables report on the average number of

river encounters experienced per party per day, the average number of

camp encounters, the average number of visual encounters from camp, the

average number of visual encounters from the river and attraction sites,

and a few others. Greater explanation of the model's matrices and

tables can be found in Shechter (1975) and Borkan (1986).
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Mbdifications 

The original modifications of the model to the Colorado River

through GCNP are reported in Underhill and Xaba (1983). This section

highlights these changes, as well as a summary of the modifications

regarding river flow which were necessary to use the model with flows.

For this study, lines of code were added which made it

possible to include the effects of river flow on simulated raft trips.

The trail system is the Colorado River through GCNP, which includes the

river from Lees Ferry to Diamond Creek (approximately 225 river miles)

and all possible hiking stops. These 225 miles were divided into 199

river segments. Separating river segments are campsites, attraction

sites, and other possible stops. In all, there are 110 attraction sites

and 140 campsites. River segments and attraction sites have an

associated transit time (obtained by Shelby & Nielsen 1976 a-d)

The original WUSM had two types of users, hikers and riders.

Underhill and Xaba (1983) changed this to oars and motors. The single

trailhead is Lees Ferry, and the two exit points are Whitmore Wash and

Diamond Creek. River trip lengths are from 5 to 18 days; 5 to 11 days

for motor trips, and 12 to 18 days for oar trips. Simulated trips have

preplanned itineraries, which is unlike actual trips. All Grand Canyon

river trips are permitted by NPS for a specified duration. However,

within this time frame, the party is free to choose where it camps and

what attraction sites it visits. The WUSM is unable to perform this

task, so preplanned itineraries are its first assumption.

River trip itineraries were developed by a oamputer program

which utilized actual frequency of use data from 1980 - 1983 for Grand
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Canyon river trips (Underhill & Xaba 1983). This program is described

in the Appendix. Therefore the itineraries used in the model are

representative of typical trips taken in Grand Canyon. The schedule of

launchs from Lees Ferry is the actual one administered by NPS.

The WUSM simulates party launchs from Lees Ferry according to a

launch schedule (the number of trips, their trip length, and the type -

oar or motor). Parties proceed downstream according to their

itineraries (which are chosen at random based on trip length and their

type). Encounters, use of all segments, campsite arrival times and

various other data are recorded after each simulated week. The program

simulates five weeks: during the first two, parties proceed downstream

to initialize the run; for the remaining three, all encounters and use

levels are recorded.

The effects of river flow are felt in the navigability of

rapids and the speed of river travel. The first step in measuring the

effects of flow is to determine the flow of the river at the location

where a party is located. The SSARR model computes river flow for 11

downstream locations. The river was divided into 11 reaches, one for

each station, with the midpoint between two consecutive stations

dividing two reaches. River segments were assigned to a flow station

according to which reach the river segment was located. For example,

the Little Colorado flow station is located at river mile 61.6, which is

river segment 60. The Hance Rapid station is located at river mile

77.1, or river segment 76. Therefore river segments 60 through 68 were

assigned to the Little Colorado Station, and segments 69 through 76 were

assigned to the Hance Rapid station (see Table 2).
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Table 2. Name, location and referenced river segments to 11 flow stations.

Name/Location	 Starting	 Segment	 Ending Segment 

Lees Ferry	 1	 4
Badger	 5	 14
20 Mile	 15	 40
Little Colorado	 41	 68
Hance Rapid	 69	 80
Grand Canyon/Phantom 	 81	 87
Upper Granite	 88	 106
Bedrock Rapid	 107	 135
Lava Falls	 159	 181
Trail Canyon	 182	 199

The flow at a river segment is determined by the date and time

that a party is at that segment. For example, if a river party arrives

at segment 1 at 10:00am on Monday, July 2, the model checks the Lees

Ferry station to determine the flow at that time. This flow is then

used to compute a speed factor. Speed factors were different for oar

and motor parties, as shown below. Straight-line interpolation is done

Oar Speed Factors Motor Speed Factors

1,000 cfs 3.0 2.0

5,000 cfs -2.0- 1.7

16,500 cfs 1.0 1.0

35,000 cfs 0.8 0.8

by the model between these flow values. Since the base travel times in

the model were for a steady flow of 16,500 cf s, the factor for this flow

was 1.0. Data collected during the study indicated that at higher

flows, motor and oar trips increased their speed proportionally. At

lower flows, oar travel is slowed more than motor travel, probably

because motors can be run at high speeds for a long time, unlike an

oarsmen; and upriver winds can be compensated for better by motors.
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Speed of party travel on the river is computed slightly differently for

oar and motor trips. For oar trips, the speed of travel is computed by

multiplying the speed factor, the travel time, and 1.75. For motor

trips, speed of travel is the product of the speed factor and the base

travel time.

Whether the river segment is one of the 24 rapids where delays

could occur is also checked by the model. At low water, many rapids

become more difficult to traverse. It is the boatman's judgement which

decides whether the party walks around a rapid, while he navigates the

boats through; they wait for higher water; or they run the rapid

immediately. This boatman's decision is a complex process, which

includes considering the duration of the trip, weather, location of

delay, the rising or falling of the river, boatman's skill, and time of

day. Sine data on these factors were not collected, the model could

not be programmed to make this decision, and therefore a second

assumption was made. This assumption was a decision rule which all

simulated parties followed when delayed at a rapid. The model's code

was modified to incorporate the following: if a party is scheduled to

travel a rapid at a water level which is below the benchmark flow shown

in Table 3 for that boat type, the party waits for one hour, during

which time the passengers either walk around the rapid, or decide to run

it. After one hour, the boats proceed through the rapid according to

the time allotted for that river segment. This was known as the WALK

routine. The second time the simulation was run, when a party is

delayed at a rapid, it waits for the water to rise above the benchmark

flow for that boat type, regardless of how long the wait.



The data from these two simulations were then combined to

present results during which half of the time the party waited for

higher water, and half of the time the party was delayed for only one

hour. Although this is not the way actual river trips are run, it did

provide results which were useful for comparison.

Table 3. Benchmark flows, in cf s, below which delays occur at rapids,
by boat type.

Rapid Class Oars Motors Dories

Badger 3 2500 4000 5000
Soap Creek 4 3500 6000 6000
House Rock 6 5500 6500 3000
24.5/25 Mile 3 2500 4000 5000
Kwagunt 3 2500 4000 5000
Unkar 2 2500 3000 6000
Hance 4 3500 6000 6000
Sockdolager 2 2500 3000 6000

2- Grapevine 2500 3000 6000
Zoroaster 2 2500 3000 6000
Horn 7 4000 10000
Granite 5 2000 5000 5000
Hermit 5 2000 5000 5000
Ruby 3 2500- -41300 5000
Serpentine 2 2500 3000 6000
Waltenberg 5 2000 5000 5000
Forster 2 2500 3000 6000
Fossil 2 2500 3000 6000
Bedrock 4 3500 6000 6000
Deubendorff 4 3500 6000 6000
Tapeats 2 2500 3000 6000
Upset 3 2500 4000 5000
Lava 5 2000 5000 5000
212 Mile 2 2500 3000 6000

Rapids were assigned to a class based on their characteristics

at particular flows. Most rapids were class 1, or above 1,000 cf s,

motors, oars and dories could navigate them successfully. For 24

rapids, parties were stopped if the river flow was below the flow for

21
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that boat type. The flow at which a boatman navigates passengers

through a rapid varies considerably. It is as much a question of skill

as passenger safety. The opportunity to collect field data on delays

was not available due to record high flows during the study, so data

were collected from approximately 35 boatmen, judged to be "experts"

based on their experience.

Two three-week simulations were run for each flow scenario. The

first simulation used the WALK routine, and the second simulation had

the party wait for higher, safer water, regardless of how long the wait.

Six weeks of results were then combined, and parametric statistics could

be used since these were two independent simulations.

Two launch schedules were simulated with their corresponding dam

release alternatives. The July 1984 schedule represented the peak

summer months of June, July and August. The May 1984 schedule

represented the other high use months of May and September. October

through April are low use months. The July launch schedule was

simulated through the model with the July flow scenarios. The launch

schedule and the flow scenarios were matched according to date and time.

For example, on Sunday, July 1, 1984, the flows used by the prcgram were

the Sunday, July 1 flows as routed through the SSARR model.

Traditionally, weekend flows were lower than weekday flows, and this was

reflected throughout all 199 river segments.

This has been only a brief discussion of how the WUSM works.

More information can be obtained in Shechter (1975), Shechter & Lucas

(1978), Underhill & Xaba (1983), Borkan (1986), Borkan & Underhill

(1986) and Underhill et al. (1986).



CHAPTER 3

ENCOUNTERS, SATISFACTION, AND VALIDITY

The Wilderness Use Simulaticn Model was developed on the premise

that encounters between parties were a key element in the satisfaction

of wilderness users. That is, as the number of encounters increased,

the quality of the wilderness experience decreased. It was believed

that different kinds of encounters affected wilderness users in

different ways. Since wilderness areas were designated as areas of

outstanding opportunities for solitude, a simulation model which could

predict levels of encounters based on usage could facilitate their

management. The beauty of the model was that given a certain density,

in terms of usage amounts and patterns, the numbers, types, and

locations of encounters could be simulated in the computer and not on

the users.

Encounters, Density, Crowding and Satisfaction 

The effects of heavy recreational use on satisfaction in

wilderness areas has been a subject of research for many years. Adams

(1930) and Leopold (1934) expressed concern about increasing use on the

quality of recreational experiences over fifty years ago. Wagar (1964)

suggested that "when too many people use the same area, some traditional

wildland values are lost".
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There have been numerous studies exploring the relationships

between crowding and satisfaction. Many point out the difference

between density, which is an arithmetic measure, and crowding, which is

a psychological perception, often based, in part, on expectations and

preferences (Shelby et al. 1983). Areas may have high density, yet

users may not feel crowded, and the reverse can be true. Manning (1986)

developed a crowding model which takes into account the ideas of

density, crowding, and satisfaction (Figure 3). The Wilderness Use

Simulation Model developed by Lucas and Shechter only computes box 2,

based on box 1. Crowding and satisfaction are not primarily dependent

upon the contacts or encounters between parties.

Figure 3. A crowding model (Manning 1986, p 59).
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Implications for this study are two-fold. First, the levels of

encounters reported in the next chapter does not necessarily imply

crowding. Many other factors influence the perception of crowding.

Secondly, research has shown a relationship between crowding and

satisfaction, most strongly in wilderness areas. The Colorado River

through Grand Canyon National Park is not a designated wilderness area.

Nevertheless, Shelby and Nielsen (1976c) found that 91% of those

surveyed agreed with the question, "I would consider the Grand Canyon

area of the Colorado River a "wilderness. ". Whereas only 15% agreed

with the statement, 'The Canyon is too crowded to be considered

wilderness.".

Manning (1986) summarized twenty-six studies of density-

satisfaction relationships across a wide range of areas. Overall the

relationship between density and satisfaction, density and crowding, and

crowding and satisfaction was not as significant as one might expect.

Manning explains that these small correlations may be a result of the

complex process which results in the feelings of crowding and

satisfaction.

Coping behaviors are often developed by recreationists to deal

with the feelings of crowding and satisfaction. Displacement (Clark et

al. 1971) results in those feeling crowded to move on to less crowded

areas, leaving the higher density areas to those who are more tolerant

of crowding. Heberlein and Shelby (1977) developed a theory of

rationalization as a means of coping. Although recreationists may have

had a less than satisfactory experience, they rate it high anyway to

reduce internal conflict, thereby rationalizing the experience.
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Rationalization may be what causes the small correlations

between density and satisfaction, and density and crowding (Shelby 1980,

Manning 1986) Grand Canyon river trips involve a considerable

commitment of time and money, and therefore people may refuse to be

disappointed. Also influencing satisfaction are many sociological and

psychological variables which are difficult and costly to measure.

Shelby (1980) conducted a study of crowding perceived by Grand

Canyon floaters. The traditional crowding model from economics (a

utility function relating density and utility or satisfaction in an

attempt to maximize aggregate satisfaction) presented two major

problems: the first was an assumption that increased density caused

higher interaction (encounter) rates among parties; and the second was

that specified contact rates may not be indicative of crowding, since

crowding was a perception of users. Therefore, Shelby used a more

complete crowding model, where encounters were a function of density and

other factors; perceived crowding was a function of density, encounters,

preferences, expectations and situational definitions (wilderness or

city park); and satisfaction was a function of density, encounters,

perceived crowding, and other factors.

Shelby (1980) found that the correlation between density (number

of people launched per week) and the number of river contacts was 0.68;

between density and attraction site contacts was 0.58. If the former

was representative of the overall relationship, then 46% of the

variation in contacts was explained by density, with 54% variance

attributed to other unmeasured variables.



27

Shelby (1980) also discovered that the effects of density and

interaction variables on perceived crowding were unrelated to overall

use levels, river contact levels, number of people seen per day, or the

time in sight of other parties. The relationship between perceived

crowding and attraction site encounters was statistically significant

(r = .12, p < .01). Attraction site encounters were statistically

significant in terms of the percentage of all sites with contact and the

average number of people seen (r = .13, p < .01). Overall the multiple

correlation of these 6 variables with perceived crowding was 0.21

(1? < .01), with an R2 = 0.04. This meant that density and interaction

had a significant but small effect on the perception of crowding in

Grand Canyon.

The correlation between perceived crowding and satisfaction was

found to be statistically significant, yet weak (r = -0.14, p < 0.01).

Apparently, trip satisfaction was primarily a result of non-crowding

factors, as shown in Table 4, with multiple correlations for each factor

(all significant at p < .01).

Table 4. Correlations with satisfaction for Grand Canyon floaters
(Shelby 1980).

Perceived Crowding -.14

Density and Interaction .18

Personal Benefits .32

Social Aspects .49

Character of the Wilderness Experience .47

Weather and Preparation .32
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Shelby's conclusions for Grand Canyon floaters were that density

did not completely determine interaction; density and interaction did

not determine crowding; and that density, interaction, and perceived

crowding may not affect satisfaction.

In a related study, Shelby (et al. 1983) found that in six

recreational activities at different locations, recreationists

experienced crowding when the number of contacts (encounters) was

greater than either their expectations or preferences. However, of the

six areas, the correlations were the smallest for Grand Canyon floaters.

If encounters, which are a function of density and interaction,

are not highly correlated with crowding or satisfaction, why has there

been so much concern over encounter levels? Crowding is a real

phenomenon (Shelby 1980). There is no question that there are use levels

that are unacceptable to most users. It is possible that coping

behaviors have been developed such that displacement and rationalization

have reduced the number of opportunities and the quality of experiences

available. It is dangerous that without proper management of crowding,

use and encounter levels will systematically increase, thereby

eliminating experiences which require low densities. It is fairly

obvious that the encounter and use levels at Grand Canyon have not

seriously impacted the satisfaction of those users presently

experiencing the Colorado River through Grand Canyon (Shelby 1980).

However, there may be past users who no longer run the river due to the

use and encounter levels. This has been problem in measuring satisfaction

only present users are surveyed. Those past users who became

dissatisfied with the experience are no longer available to be surveyed.
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Encounters and Validity 

Encounters are important for checking the validity of the

simulation model. Table 5 compares encounters at five selected

attraction sites, the average number of encounters experienced per party

per day (excluding visual), and the percent of nights camped alone. The

comparison is between Park Service patrols from 1980 - 1983, Shelby's

data collection in 1975, Underhill's model from 1982, various trips from

1985, and this model. All trips were taken between April and October.

Table 5. Comparison of actual river trip encounter data with simulation
model results: 1975 - 1985.	 * = Base run by Underhill, 29 parties per
week, 36% oar, 64% motor.	 ** = averaged May and July scenarios, 16,500
cfs constant release.	 *** = July had 186 launchs, May had 127.

Shelby	 Patrol	 Patrol	 Patrol	 Model	 Patrol	 Trips	Model
1975 1980 1981 1982 1982* 1983 1985 1984**
41 5 10 10 87 10 10 ***

Redwall
Cavern 0.43 0.60 1.10 0.64 0.55 0.75 0.71 0.75

Little
Colorado 0.63 0.80 1.30 1.64 1.26 1.80 2.00 1.86

Elves
Chasm 0.63 0.60 1.90 1.91 0.58 2.86 1.00 1.19

Deer
Creek 0.67 1.00 1.70 1.90 1.09 2.63 3.50 1.68

Havasu
Canyon 0.67 1.00 2.10 2.22 2.35 3.12 2.13 2.61

Encts/
Day 3.40 3.29 2.74 2.45 2.54 3.19 4.00 4.15

% Nights
Camped
Alone 0.91 0.84 0.75 0.81 0.63 0.62 0.80 0.61
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The validity of the model for campsite selection and use was

reported in Underhill and Xaba (1983). Table 3 of that report compared

user logs turned in by permit holders with the base model on seventeen

campsites. These seventeen campsites were ranked for both the logs and

the model. Application of Spearman's Rho test (Ranking Comparability

Test) showed a high relationship between the two rankings.

Unfortunately, user logs were no longer required after 1983, therefore

this test could not be reproduced: However, at this point the model has

shown that it accurately replicates use and encounter levels on the

Colorado River through Grand Canyon National Park.



CHAPTER 4

RESULTS

Results from the July and May launch schedules are analyzed

separately in this section. The July schedule is discussed first.

July Launch Schedule 

The peak rafting season in Grand Canyon National Park is the

summer months of June, July, and August. In July 1984, 186 trips were

launched from Lees Ferry (see Table 1, page 12).

July Flow Scenarios

Presently, an agreement exists between the Bureau of Reclamation

and the National Park Service that the minimum dam release during June,

July and August not fall below 3000 cfs. Of the five alternative flow

scenarios tested, none violated this condition. The alternative

scenarios included hourly dam releases for both weekdays and weekends;

traditionally, weekend releases are lower than weekday releases. For

each month of each flow scenario, the SSARR flow computed river flow at

11 downstream locations. These were based on hourly dam releases,

consisting of 5 days of weekday flows then 2 days of weekend flows for

three weeks. The flows that were selected for the model were from the

middle of this period, starting on a Sunday, and ending on a Saturday,

insuring that the full effect of the scenario was felt along the entire

length of the river.
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Each of the five flow scenarios had a dam release prescription

for each of the twelve months of the year. Within each month, every

week was identical. The July flow scenario for alternatives two and

five were the same; so for the remainder of this report dealing with

July alternatives, the results of alternative 2 represent both

alternatives 2 and 5. The range of extremes in hourly dam releases for

the four July alternatives are listed below in cfs. If a range of

releases is noted, that alternative is a fluctuating scenario, with

different volumes of water released at different hours of the day.

Alternative 1:

Alternatives 2 &

Alternative 3:

Alternative 4:.

5:

weekdays

12,750 constant

6,600 - 31,500

8,500 - 25,000

25,000 constant

weekends

12,750 constant

3,600 - 23,400

8,500 - 26,700

25,000 constant

These ranges of releases indicate the variability within the dam

release prescriptions. However, the hourly releases are of greater

importance to the model. Figures 4 through 7 are bar graphs ghowing the

hourly releases for both weekdays and weekends for all four

alternatives. These releases were not used by the model: it was the

routings of these releases through the SSARR model to the 11 flow

stations which were used. However, these releases determine the

downstream flow of the Colorado River through Grand Canyon National

Park. The model has been modified to reflect their effects on simulated

river trips.
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Figure 5. Alternatives 2 & 5 - July hourly dam releases
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Figure 7. Alternative 4 - July hourly dam releases
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Comparison of July Alternatives by the Model

Tables 6 through 10 compare the effects of these four scenarios

on encounters with other parties, mean campsite arrival times, time

available for attraction site visits, and delays at rapids. All four

alternatives were run twice through the WUSM; this provided data for six

weeks. Half of this data used the WALK routine explained earlier; the

second half had the party wait for higher water, regardless of how long

the wait. The exception to this rule was Horn Creek. Some of the May

alternatives would have delayed parties there for days,- and possibly for

the entire simulation, since the flow at Horn never would have exceeded

10,000 cfs or fallen below 4,000 cf s. Therefore, for the purposes of

comparison, when a party was delayed at Horn Creek, the WALK routine was

always used. It is not important that in reality one can not walk

around Horn Creek Rapid. The idea was that the party was delayed by low

water: Then, because boatmen knew higher flows were not forthcoming, the

trip proceeded.

Many of the following tables involve encounters between

parties. A party is defined as a group of one or more boats with

passengers, launching under one permit on the same day. An encounter is

defined as one party coming in contact with another party. Recall that

the four kinds of encounters are meeting, overtaking, visual, and camp

(definitions are in chapter 2).

Two items are important to note; first, double counting could

and did occur, as noted in the tables; and second, visual encounters are

counted when one party sees the boats of another party, whether or not

their passengers are present. For example, if a party is up canyon at
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Havasu, and another party floats by Havasu, two visual encounters are

recorded (one for each party), yet the one party did not witness it

because they were up canyon, away from the river.

Table 6 provides data on the average number of encounters per

party at 8 attraction sites in GCNP. This table is read in the

following manner: At Redwall Cavern during alternative 1, a party there

encountered on the average 0.60 other parties (6 times out of 10 a party

will share Redwall Cavern with another party.). These were on-site

encounters (meeting plus overtaking). A party at Redwall under

Alternative 1 saw on the average 0.71 other parties float by Redwall

Cavern (7 out of 10 times they saw another party float by while at

Redwall.). These are off-site (or visual) encounters. Double counting

occurred in the data for Table 6: a party could arrive at Redwall, and

encounter another party, which recorded one meeting encounter at

Redwall. When this party left and returned to the river again, a visual

encounter was recorded. -This visual encounter-was recorded twice, once -

for the party at Redwall and once for the party on river segment 37, the

segment directly after Redwall. Although visual encounters were

overcounted, the degree of overcounting was similar for all

alternatives, and therefore not crucial to the comparison.

Not all of the 218 parties which figure in Table 6 visited all

eight of the attraction sites. Redwall and Deer Creek had visitation

rates of 90% or more, whereas Unkar has approximately a 50% visitation

rate. These eight locations are some of the most popular on the river.
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Table 6. Average number of encounters per party per visit to selected
attraction sites, by July alternative. N = 218 parties. On-site
encounters are with another party at the same attraction site (meeting
plus overtaking). Off-site encounters are visual encounters where a
party at the attraction site sees another party either on the river or
at an adjacent
encounters.

Location

campsite.

#1

	on-	 off-

	

site	 site

There was some double counting

July Flow Alternative

of off-site

#4

	

on-	 off -

	

site	 site

#2,#5

	on-	 off-

	

site	 site
on-
site

#3

off-
site

Redwall
Cavern 0.60 0.71 0.70 0.81 0.66 0.73 0.93 0.88

Nankoweap
Canyon 0.31 1.65 0.40 1.58 0.35 1.61 0.45 1.66

Little
Colorado 1.89 1.63 2.00 1.10 2.39 2.04 2.80 2.17
River

Unkar 0.50 2.06 0.45 1.73 0.77 2.02 0.68 1.68

Phantom
Ranch 0.60 1.03 0.86 1.18 0.74 1.12 0.84 1.30

Elves Chasm 1.15 1.10 1.82 1.67 1.47 1.41 1.46 1.34

Deer Creek 1.60 1.92 1.84 2.12 1.69 2.23 2.20 2.30

Havasu Canyon 3.09 2.75 2.60 2.69 2.39 2.66 2.85 2.52

Totals 9.74 12.85 10.67 12.88 10.46 13.82 12.21 13.85

Alternative 1 had the least number of attraction site

encounters, whereas alternative 4 had the most. The difference between

alternatives 1, 2, and 3 was less than 10% for both on- and off-site

encounters. Alternative 4 had less than 10% more off-site encounters

than any of the other alternatives, but 25% more on-site encounters than

alternative 1.



38

Table 7 provides data about campsite arrival times. Since the

WUSM works with fixed itineraries, once a trip was launched there could

be no adjustments to its schedule. This data can be analyzed in a

number of ways. The average arrival time suggested how much extra time

could be spent visiting attraction sites. The Standard Deviation and

the percent of arrivals between 3:00pm and 6:00pm suggested how much

variation existed in the times of campsites arrivals. Ideally, most

river trips should be in camp by 6:00pm, however, given the nature of

this model, there were always arrivals at odd hours. The important

point is that the more arrivals between 3:00pm and 6:00pm the better.

Table 7. Campsite arrival times, by July alternative.

July Flow Alternative

#1 #2,#5 #3 #4

Number of campsite
arrivals (approx.) 1880 1880 1880 1880

Average arrival time 6:02pm 5:33pm 5:26pm 4:15pm

134 168 150 102

45.8% 49.4% 52.7% 62.3%

92 63 56 -15

92 63 56 (15)

Standard Deviation
(in minutes)

Percent of arrivals
between 3:00pm & 6:00pm

Difference between mean
arrival time of 4:30pm
and actual (in minutes)

Average reduction (increase)
in attraction site visit
time (in minutes)
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Alternative 4, with a steady release of 25,000 cf s, had the

earliest mean arrival time, the smallest standard deviation, and the

most arrivals between 3:00 and 6:00pm (Table 7). This suggested that

parties floating the river under this alternative could spend more time

at attraction sites. The mean arrival times for all other scenarios

were an hour or more later, and their Standard Deviations were also

greater.

The WUSM was unable to identify a fast trip, allowing for more

time at attraction sites, from a slow trip. The base visit times to

attraction sites were obtained by Underhill & )(aim (1983), and reflect

the average amount of time spent at each site by river parties, which

always is sufficient for a good visit. So, it was not that the other

alternatives allowed insufficient time for attraction site visits, but

rSther that either the number of visits or their length would have to be

reduced.

Table 8 shows overall encounters per party per day, which were

very similar for all four scenarios. These figures are expressed in

averages and medians. Often, the averages were higher than the medians

due to the distribution of encounters, most parties encounter few

others, some encountered many.. By comparing this table with Table 15 in

the May scenarios, it can be seen that encounter levels overall were

more dependent on the number of launches than Upon river flow.

The use of campsites was difficult to simulate. On the river,

boatmen exchange information on which campsites they plan to use. If

they arrive at their intended campsite and it is occupied, they often

proceed downstream to the next available site. The model was not
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programmed for this. However, campsite use in the model was based upon

actual frequencies of use, and can be thought of as first choice

campsites. As a result, the number of campsite encounters is higher

than actual. The percent of nights camped alone shown in Table 8 was

used for comparison, in addition to average encounters at campsites.

All were very similar.

Table 8. Average number of encounters per party per day, by ally
alternative.

July Flow Alternative

#4#1 #2,#5 #3

River & attraction site encounters

Average no. of parties per day 49 49 49 49

Average no. of river and attraction
site encounters (encts.) per party
per day (pppd) 4.55 4.35 4.43 4.69

Median no. of river encts. pppd 3.0 2.8 2.9 2.8

Average no. of visual encts. pppd 4.33 4.64 4.69 4.67

Median no. of visual encts. pppd 3.1 3.6 3.6 3.5

Camp Encounters

Average no. of parties in camp per day 44.5 44.5 44.5 44.5

Average no. of camp encts. pppd 0.74 0.70 0.79 0.79

Median no. of camp encts. pppd 0.00 0.00 0.00 0.00

Percent of nights camped alone 55.4% 54.1% 51.2% 51.6%

Average no. of visual encts. pppd 0.85 0.91 0.85 0.87

Median no. of visual encts. pppd 0.00 0.00 0.00 0.00
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Table 9 shows the average number of the four kinds of encounters

per week, counted once as seen by an observer. Most output matrices in

the model count encounters twice, once for each party involved. The

number of visual encounters roughly equals the sum of all others,

probably due to visual encounters occurring at all location types (river

segments, attractions sites, and campsites), whereas other kinds of

encounters are recorded only at one or two. These kinds of encounters

are differentiated by the WUSM because wilderness research suggests that

different kinds of encounters have different effects upon wilderness

users. It is unclear whether this is the case with Grand Canyon floaters.

The difference in the total number of encounters occurring per

week was small, as shown in Table 9. In fact, there was less than a 5%

difference between the lowest (alternative 2), and the highest

(alternative 4). Alternative 1 had comparatively high camp and

overtaking encounters, yet low meeting and visual encounters. One can

conclude from Tables 8 and 9 that all four July scenarios had little

effect upon encounter rates as experienced by simulated river trips.

Table 9. Number of encounters per week, as seen by an observer,
by July alternative.

#1

July Flow Alternative

#4#2,#5 #3

Meeting Encounters 279 312 313 339

Overtaking Encounters 514 445 458 473

Visual Encounters 876 949 951 962

Camp Encounters *167 110 124 125

Totals 1836 1816 1846 1899
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The potential delays at rapids caused by low dam releases were

major measures of the effect of river flow on river trips as simulated

by the WUSNL Since there were no delays at rapids under any of the July

scenarios, it can be safely concluded that according to this model, none

of the July alternatives would delay any party due to low river flow.

Table 10 provides statistics about encounters at the 24 rapids

where delays would have occurred had lower flows been present. When two

or more parties are delayed at a rapid, overtaking encounters are

recorded. The percent of all overtaking encounters in Table 10 provides

a baseline from which to examine alternatives which did delay parties at

rapids. In addition, visual encounters are recorded between parties

delayed at rapids and parties at nearby locations. The percent of all

visual encounters serves a similar purpose.

Table 10. Statistics about delays and encounters at rapids, by July
alternative. RAPIDS: Badger, Soap Creek, House Rock, 24.5/25 Mile,
Kwagunt, Unkar, Hance, Sockdolager, Grapevine, Zoroaster, Horn Creek,
Granite, Hermit, Ruby, Serpentine, -Waltenberg, Forster, Tossil, Bedrock,
Deubendorff, Tapeats, Upset, Lava Falls, 212 Mile

July Flow Alternative 

#1 #2,#5 #3 #4

5.8%

15.5%

5.5%

16.3%

5.8%

16.2%

5.2%

15.2%

Total no. of rapids where
delays occurred

Total no. of delays

Percent of all visual
encounters which occurred
at these 24 rapids

Percent of all overtaking
encounters which occurred
at these 24 rapids
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July Summary

Although there were five alternatives, two were identical

(numbers 2 and 5), therefore Tables 5 through 11 have data for four

different alternatives. The overall picture for the four alternative

July scenarios indicated that their effects on river trips did not vary

greatly.

Alternative 4, with constant releases of 25,000 cfs, had the

most time available for attraction site visits; in fact, an additional

15 minutes could be added to attraction site visits per party per day

under this alternative. The other alternatives would have to reduce

their visit time from 56 to 92 minutes per party per day in order to

achieve the mean campsite arrival time of 4:30pm. Alternative 4 also

had the highest percentage of parties in camp between 3:00 and 6:00pm

(62.3%), and hence the smallest standard deviation.

None of the four flow scenarios tested resulted in any delays at

rapids. Although it was theoretically possible that the flow could fall

below the benchmark value for some rapids, this never occurred when a

party was poised to run one.

On encounters, alternative 4 consistently had the highest level

of encounters on the river and at attraction sites. The fluctuating

scenarios (numbers 2 (5) and 3) had fewer, and alternative 1, with a

constant flow of 12,750 cf s, had the least number of encounters.

Table 11 has summary data for a number of attributes measured by

the simulation model. In summary, the encounter data is similar among

all alternatives tested; there were no delays at rapids; and alternative

4 produced more time for attraction site visits than the other scenarios.
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Table 11.	 Summary of the effects
river trips.

Times & Rapids

of the July alternatives on simulated

July Flow Alternative

#4#1 #2,#5 #3

Average reduction (increase)
in attraction site visit time
(in minutes) 92 63 56 (15)

Mean campsite arrival time 6:02pm 5:33pm 5:26pm 4:15pm

Percent of arrivals between
3:00 and 6:00pm 45.8% 49.4% 52.7% 62.3%

Number of delays at rapids

Encounters

8 attraction sites - on-site 9.74 10.67 10.46 12.21
- off-site 12.85 12.88 13.82 13.85

Average number of river and
attraction site encounters
PPPD	 - on-site 4.55 4.35 4.43 4.69

- off-site 4.33 4.64 4.69 4.67

Average number of camp
encounters PPPD	 - on-site 0.74 0.70 0.79 0.79

- off-site 0.85 0.91 0.85 0.87

Total average number of
encounters experienced PPPD 10.5 10.6 10.6 10.8
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May Launch Schedule 

Although the peak summer rafting season was June, July and

August, a significant number of both commercial and private trips rafted

the Colorado River through Grand Canyon National Park during the spring

and fall. In fact, in May 1984, 127 trips launched from Lees Ferry. A

similar number launched in September. Therefore the non-summer month of

May was simulated in order to determine the effects of different

releases on significant numbers of parties.

May Flow Scenarios

The non-summer months had no restriction on minimum dam

discharges, with three of the five scenarios having releases at or below

3,000 cf s. Therefore, as expected, there were many more delays at

rapids and significantly slower travel through the canyon.

Table 12 shows the May launch schedule. During the first two

weeks, an average of 18.5 trips were launched each week, whereas during

the final three weeks, an_average of 29.67 trips were launched each

week. This uneven distribution in the number of trips launched per week

did have an effect on the model's outputs. The average number of

encounters, as counted by the model, were more representative of the

latter three weeks, than the first two weeks. The overall effects of

river flow on river frips, however, remained the same.

Although there were fewer trips launched in May than July, the

percentage of boats in each boat type remained the same, with oars

outnumbering motors almost two to one (Table 12).



SUNDAY MONDAY TUESDAY WEDNESDAY

MAY 1	 2	 3	 4

7 motor 7 motor	 14 oar 6 motor
11 motor* 18 oar*	 18 oar* 9 motor

18 oar*

8	 9
	

10	 11

THURSDAY FRIDAY

	5 	 6

17 oar* 7 motor
7 motor
14 oar**
18 oar*

	12 	 13

6 motor 8 motor
13 oar	 15 oar
18 oar* 18 oar*

7 motor 9 motor
18 oar* 12 oar*

18 oar* 6 motor
18 oar*** 18 oar*

Table 12. May 1984 launch schedule showing number of days and type of
propulsion for each trip launched between May 1 and June 4, 1984. * =
private trip; ** = NPS patrol trip; *** = research trip. Total number
of boats launched in May by type: oar: 211; motor: 108; paddle: 5;
kayak: 59; dory: 14.
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16	 17	 18 19	 20

7 motor 6 motor
9 motor 9 motor
13 oar 17 oar*
18 oar*

8 motor 6 motor
13 oar	 10 motor
14 oar	 12 oar
16 dory 16 oar*
18 oar*

26	 27

5 motor 8 motor
10 motor 12 oar
14 oar*

15

6 motor
7 motor
16 dory
18 oar*

22

6 motor
6 motor
13 oar
15 dory
18 oar*

29

6 motor
6 motor
14 oar

8 motor
12 oar
12 oar
15 oar*
18 oar***

7 motor
12 oar
13 oar
14 oar
15 oar*

6 motor
8 motor
8 motor
12 oar
18 oar*

7 motor
9 motor
9 motor
18 oar*

7 motor
8 motor
9 motor
13 oar
13 oar*
14 oar

6 motor
8 motor
8 motor
13 oar*

JUNE 1

7 motor
8 motor
8 motor
9 motor
12 oar
14 oar*

SATURDAY

7

8 motor
12 oar*
13 oar

14

7 motor
7 motor
8 motor
8 motor
8 motor
18 oar*

21

8 motor
8 motor
8 motor
18 car*

28

7 motor
7 motor
8 motor
8 motor

30	 31

23	 24	 25

2	 3	 4

6 motor 7 motor 8 motor
7 motor 10 motor 8 motor
16 oar* 18 car* 8 motor

8 motor
8 motor
12 oar**
13 oar*
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The May release prescriptions for each of the five alternatives

are summarized below. Again, weekday and weekend flow prescriptions are

described, with the minimum and maximum flow for the day, or the volume

of the constant release.

Alternative 1:

These flows are all stated in cfs.

weekdays	 weekends

10,000 constant	 10,000 constant

Alternative 2: 2,200 - 13,500 3,000 - 10,700

Alternative 3: 8,000 - 11,300 8,000 - 11,500

Alternative 4: 1,000 - 31,000 1,000 - 30,000

Alternative 5: 3,000 - 20,900 3,000 - 10,800

Figures 8 through 12 are bar charts which show the hourly dam

releases for weekday and weekend flows for all five May scenarios.

it NAY
WEEKDAY

*1 MAY
WEEKEND

Figure 8. Alternative 1 - May hourly dam releases
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OA OF THE w

Figure 9. Alternative 2 - May hourly dam releases

HOUR OF THE 097

Figure 10. Alternative 3 - May hourly dam releases
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Figure 11. Alternative 4 - May hourly dam releases
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Figure 12. Alternative 5 - May hourly dam releases
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Comparison of the May Alternatives by the Model

Tables 13 through 18 follow the same format as previously shown

for July. The WALK routine was utilized for one three-week simulation,

and in the second three-week simulation, the parties waited at rapids

when the flow caused a delay until the river flow was above the

benchmark flow for that boat type. Again, at Horn Creek, all parties

that were delayed utilized the WALK routine. These data were then

combined in the following tables.

Table 13 provides the attraction site encounter data. The

average number of encounters experienced per party per visit at these

attraction sites were similar among all May alternatives. Alternative 4

had the lowest numbers of on-site encounters, and the highest number of

off-site (visual) encounters. Alternative 5 had the most on-site

encounters, and alternative 2 had the least off-site encounters. The

overall differences between the alternatives were greater than in the

July scenarios, with alternative 5 having 36% more on-site encounters

than alternative 4. Alternative 4 had 11% more off-site encounters than

alternative 2.

The overall level of encounters at attraction sites was less

than experienced by July parties, as was the usage of these attraction

sites. Although the visitation rate is similar throughout the rafting

season, the number of parties in May were 178, in July there were 218.

The variation in encounter rates at attraction sites for parties

operating under the May flow scenarios were greater than under the July

scenarios. Overall, the May scenarios had greater impacts upon river

trips due to Lower dam releases than occurred under the July scenarios.
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Table 13. Average number of encounters per party per visit to selected
attraction sites, by May alternative. N = 178 Parties. On-site
encounters are with another party at the same attraction site (meeting
plus overtaking). Off-site encounters are visual encounters where a
party at the attraction site sees another party either on the river or
at an adjacent campsite. There is same double counting of off-site
encounters.

Location

on-
site

#1

off-
site

on-
site

May Flow Alternative

#4

off-
site

on-
site

#5

off -
site

#2

off-
site

on-
site

#3

off-
site

on-
site

Redwall
Cavern 0.75 0.81 0.57 0.76 0.68 0.73 0.36 0.55 0.64 0.62

Nankoweap
Canyon 0.23 1.40 0.20 1.16 0.29 1.12 0.20 1.29 0.15 1.25

Little
Colorado 0.91 1.30 0.95 1.29 1.39 1.15 0.98 0.77 1.87 1.51

Unkar 0.27 1.48 0.27 1.17 0.20 1.35 0.22 2.51 0.34 1.45

Phantam
Ranch 0.63 0.76 0.65 0.70 0.72 0.96 0.73 0.95 0.79 1.03

Elves Chasm 1.05 1.05 0.92 1.00 0.72 0.93 0.77 0.92 1.03 0.98

Deer Creek 1.39 1.63 1.15 1.52 1.58 1.80 1.03 2.15 1.22 1.65

Havasu 2.13 1.93 2.25 2.00 2.32 1.97 1.72 1.53 2.22 2.07

Totals 7.36 10.36 6.96 9.60 7.90 10.01 6.05 10.67 8.26 10.56

Campsite arrival times were similar for four of the five

alternatives (Table 14). Due to lower river flow, travel was slower on

the river. Consequently, the Mean campsite arrival times were later in

the day. These later arrivals implied that less time could be spent at

attraction-sites. For alternatives 1, 2, 3, and 5, an average of two

hours would have to be subtracted from attraction site visits for each

day in order to obtain a mean arrival time of 4:30pm.
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Alternative 4 had an early mean campsite arrival time, 3:09 pm.

However, only ten percent of all arrivals under this alternative were in

camp between 3:00 and 6:00pm. The standard deviation for alternative 4

was 490 minutes, or approximately 8 hours, and therefore the average

reduction in attraction site visits per day under this alternative could

not be computed accurately. Parties were arriving at all hours of the

day and night, due to the substantial delays at rapids and slow travel

on the river resulting from low river flow. Obviously, parties could

not afford to be so delayed; they would adjust their schedule for much

less attraction site visit time, and not wait for the water to rise,

thereby running rapids at higher risk.

Table 14. Campsite arrival times, by May alternative. * = see text.

#1
-	

May Flow Alternative

#5#2 #3 #4

1725 1725 1725 1725 1725
Number or campsite
arrivals (approx.)

Average arrival time 6:39pm 6:32pm 6:46pm 3:09pm 6:05pm

Standard Deviation
(in minutes)

Percent of arrivals
between 3:00 & 6:00pm

Difference between
mean arrival time of
4:30pm and actual

Average reduction
in attraction site
visits per day

164 271 224 490 210

32.4% 24.4% 25.7% 10.2% 37.1%

129 122 136 -81 95

129 122 136 * 95
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Differences in the average number of encounters experienced per

party per day were small among the May alternatives (Table 15). The

average number of river and attraction site encounters per party per day

varied between 3.48 and 3.67 ( -5% difference). The average number of

visual encounters per party per day from the river and attraction sites

varied from 3.78 to 4.01 ( -6% difference). The only large difference

was in the average number of visual encounters per party per day from

camp, where alternative 4 had almost twice as many as the others.

Table 15. Average number of encounters per party per day, by May
alternative.

River & Attraction Site Encounters
#1

May Flow Alternative
#5#2 #3 #4

Average no. of parties per day 44 44 44 44 44

Average no. of river and
attraction site encounters
per party per day 3.60 3.63 3.62 3.48 3.67

Median no. of river encts. pppd 2.1 2.0 2.0 1.7 2.1

Average no. of visual encts.
pppd from river & attraction sites 3.78 3.87 3.78 3.91 4.01

Median no. of visual encts. pppd
from river & attraction sites 2.6 2.7 2.6 2.8 2.9

Camp Encounters

Average no. of parties in camp 41 41 41 41 41

Average no. of camp encts. pppd 0.53 0.61 0.54 0.66 0.56

Median no. of camp encts. pppd 0.8 0.9 0.8 1.0 0.9

Percent of nights camped alone 62.8% 59.8% 61.0% 57.9% 60.2%

Average no. of visual encts. 0.78 0.95 0.78 1.64 0.87

Median no. of visual encts. 0 0 0 0.2 0
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The average number of encounters per week, counted once as seen

by an observer, were similar for four of the five alternatives (see

Table 16). Alternative 4 had the least meeting encounters and the most

overtaking, visual, and camp encounters. The high number of overtaking

encounters resulted from the many delays at rapids, and the high number

of visual encounters were due to parties arriving at attraction sites

and campsites at odd hours, thereby sighting parties more often.

Although the counts were accurate, they did not accurately represent

what would happen under this scenario. River parties running the river

under alternative 4 would adjust their itineraries such that they would

remain on a diurnal schedule. For the other four alternatives, the

average number of encounters per week was similar, ranging from 1354 to

1424, a difference of around 5%. The Proportion of encounters in each

of the four categories was also similar.

Table 16. Number of encounters per week, as seen by an observer, by May
alternative-.

#1

May Flow Alternative

#5#2 #3 #4

Meeting Encounters 211 199 212 148 185

Overtaking Encounters 356 379. 361 468 369

Visual Encounters 710 758 714 1014 761

Camp Encounters 77 88 79 110 81

Totals 1354 1424 1366 1740 1396
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Simulated parties experienced many delays at rapids when

operating under the May flow alternatives (Table 17). These delays at

rapids often force parties to wait at locations which are neither

campsites nor attraction sites. Delays at rapids also bottleneck

parties at locations where they encounter other parties also delayed.

The boatman has three options: (1), he can -risk running the passengers

through the rapid at a low, and possibly unsafe flow; (2), he can walk

the passengers around the rapid; or (3), he can wait until the flow is

higher. If he waits, the remaining trip itinerary has to be changed.

Alternative 1, with a constant flow of 10,000 cf s, was just high

enough to prevent delays. Alternative 3 only delayed 137 parties at

Horn Creek, or 77% of all parties, for one hour each. The WALK routine

is always used at Horn Creek, since under this alternative, there would

only be one or two hours each day when the flow at Horn was above 10,000

cf s. This could delay parties for up to 24 hours. However, if parties

take longer then one hour to scout Horn, than the time used there would

have to be made up elsewhere, probably by reducing future attraction

site visits. Alternative 5 delayed parties at 7 rapids, with 41% of the

delays occurring at Horn Creek. Alternative 2 delayed parties at 10

rapids, with 46% of all delays at Horn Creek. Alternative 4 produced

1076 delays (an average of 6 per party) for a total of 3,190 hours (an

average of 18 hours per party). Eighteen hours spent delayed for an

entire trip implies that 18 hours have to be made up either by faster

travel on the river or less attraction site time. The percentage of all

overtaking encounters for alternative 4 was much higher than the others,

resulting from encounters with other parties also delayed.



Table 17. Delays and encounters at 24 rapids, by May alternative.
N = 178 parties. TPD: Total number of parties delayed; TB]): Total
number of hours delayed.

#1
May Flow Alternative

#5#2 #3 #4
Rapid

TPD THD TPD THD TPD THD TPD 	TB]) WD THD

Badger	 0	 0 0	 0 0 0 37	 42 0 0
Soap Creek	 0	 0 4	 4 0 0 3	 6 5 5
House Rock	 0	 0 63	 109 0 0 85	 133 31 55
24.5/25 Mile	 0	 0 3	 7 0 0 100	 338 0 0
KWagunt	 0	 0 0	 0 0 0 74	 359 0 0
Unkar	 0	 0 0	 0 0 0 38	 158 0 0
Hance	 0	 0 0	 0 0 0 35	 228 0 0
Sockdolager	 0	 0 0	 0 0 0 9	 9 0 0
Grapevine	 0	 0 0	 0 0 0 14	 31 0 0
Zoroaster	 0	 0 0	 0 0 0 7	 8 0 0
Horn	 0	 0 102	 102 137 137 143	 143 51 51
Granite	 0	 0 0	 0 0 0 11	 39 0 0
Hermit	 0	 0 0	 .0 0 0 7	 7 0 0
Ruby	 0	 0 0	 0 0 0 15	 49 0 0
Serpentine	 0	 0 0	 0 0 0 5	 19 0 0
Waltenberg	 .0	 0 4	 6 0 0 58	 142 1 2
Forster	 -	 0	 0 5	 6 0 0 87	 230 0 0
Fossil	 0	 0 0	 0 0 0 48	 95 0 0
Bedrock	 0	 0 34	 64 0 0 62	 234 24 52
Deubendorff	 0	 0 17	 31 0 0 52	 168 11 32
Tapeats	 0	 0 4	 8 0 0 44	 94 1 2
Upset	 0	 0 0	 0 0 0 70	 237 0 0
Lava Falls	 0	 0 2	 2 0 0 66	 415 0 0
212-Mile	 _0	 -0- 0-	 0 0 0 -	 fr -0- 0-

Number of rapids
where delays	 0
occurred

10 1 24 7

Total no. of delays 0 229 137 1076 124

Total hours delayed 0 335 137 3190 199

Average no. of hours

56

delayed per party

Percent of all
visual encounters
which occurred

Percent of all
overtaking encts.
which occurred

0 1.88 0.77 17.92 1.12

6.6% 6.3% 6.5% 6.8% 6.8%

14.6% 163% 15.7% 23.5% 16.1%
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May Summary

All five May alternatives were different, four fluctuated

releases and one was a constant 10,000 cfs scenario. Three of the four

fluctuating scenarios had releases at or below 3,000 cfs.

Four of the five alternatives had mean campsite arrival times

between 6:05pm and 6:46pm. As the mean campsite arrival time got later

in the day, the percent of arrivals between 3:00 and 6:00 pm became

smaller. In order to achieve a mean campsite arrival time of 4:30pm, at

least 90 minutes would have to reduced from attraction site visit times

for each day. Alternative 4 had a mean arrival time of 3:09pm, but only

10% of all arrivals arrived in camp between 3:00 and 6:00pm. Parties

arrived in camp at all hours of the day and night under this alternative

due to substantial delays at rapids and slow river travel.

Alternative 1, with a constant release of 10,000 cfs delayed no

parties at rapids. Alternatives 2, 3, and 5 delayed parties from 2 to 5

hours during their entire trip. Alternative 4 produced 1,076 delays,

averaging 3 hours each, for a total of 18 hours per trip.

Alternative I had the least number of encounters experienced per

party per day (8.69); alternative 3 was next lowest at 8.72; 2 at 9.06;

5 at 9.11, and alternative 4 had the most at 9.69. Alternative 4 had 1

more off-site camp encounter than the other alternatives, probably due

to the odd hours of camp arrivals.

Table 18 provides a summary of simulation model data about river

parties operating under the 5 May flow scenarios.
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Table 18. Summary of the effects of the May alternatives on simulated
river trips. * = exact amount not determined, highest of all
alternatives tested.

Times & Delays #1

May Flow Alternative

#5#2 #3 #4

Average reduction in
attraction site visits
(in minutes) 129 122 136 95

Mean campsite arrival times 6:39pm 6:32pm 6:46pm 3:09pm 6:05pm

Percent of arrivals between
3:00 and 6:00 pm 32.4% 24.4% 25.7% 10.2% 37.1%

Number of delays at rapids 0 229 137 1076 124

Total hours delayed 0 335 137 3190 199

Average time spent delayed
per party delayed (hours) 0 1.88 0.77 17.92 1.12

Encounters

8 attraction sites - on-site 7.36 6.96 7.90 6.05 8.26
- off-site 10.36 9.60 10.01 10.67 10.56

Average number of river and
attraction site encounters
PPPD	 - on-site 3.60 3.63 3.62 3.48 3.67

- off-site 3.78 3.87 3.78 3.91 4.01

Average camp encounters PPPD
- on-site 0.53 0.61 0.54 0.66 0.56
- off-site 0.78 0.95 0.78 1.64 0.87

Total average number of
encounters experienced PPPD 8.69 9.06 8.72 9.69 9.11



CHAPTER 5

DISCUSSION

Simulation of the dam release alternatives revealed a number of

trends. First, the lower the dam release, the slower a party traveled

on the river, and consequently the less time that was available for

attraction site visits. A component of slow travel time which was not

programmed in the WUSM was the human dimensions of low river flow. For

oar parties on the river, this entails more rowing on the part of the

boatmen. Upriver winds combined with low river flow can bring oar

travel to a standstill. For motor parties, low river flow requires

longer use of the motor and greater use of fuel, subjecting passengers

to more motor noise and odor. The chance of breakdown is also increased

not only because of more motor use, but also more rocks are exposed at

lower river flow. Low river flow means more time on the river, less

time at attraction sites and secondary effects on the motors and oarsmen.

A second trend was that as the flow got lower, more delays

occurred at rapids. Although delays may be overstated by the simulation

model, they occurred. How a boatman on the river responds to these

delays is an individual decision. Most trips, particularly commercial

trips, must stay on a schedule. Schedule concerns are generally greater

for shorter trips than longer trips. Since certain rapids are more

dangerous at low flows, a boatman concerned about staying on schedule

needs to be particularly careful in navigating these rapids at low flows.
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A third trend concerned encounters. For the most part, the

number of encounters that a party experienced was more dependent upon

the launch schedule than upon the river flow. Tests done previously

with this simulation model have shown that encounter levels could be

reduced 25% and more by spreading the number of launches evenly

throughout the week, and not launching trips of the same length on the

same day (Underhill, Xaba & Borkan 1986). Except in cases of parties

delayed at a particular location, fluctuating flows tended to produce a

lower rate of encounters on the average than did steady high flows.

This may be due to the tendency of fluctuating, variable flows to space

parties out, whereas steady flows keep everybody going along at roughly

the same rate.

All five July scenarios produced similar encounter levels at the

attraction sites used for comparison (Redwall, Nankoweap, Little

Colorado, Unkar, Phantom, Elves, Deer Creek - and Havasu). Alternative 1,

with a constant release of 12,750 cfs produced the least attraction site

encounters, both on- and off-site. The fluctuating scenarios

(alternatives 2, 3, and 5) all produced similar encounter rates at the

attraction sites. Alternative 4 had the highest attraction site

encounter level.

The steady release of 25,000 cfs in alternative 4 maximized the

amount of time available for attraction site visits. In fact, this

alternative provided one hour or more additional attraction site visit

time per day over the other July scenarios. Additional time for

attraction site visits implies less time on the river. Nevertheless,
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the higher the river flow, the more time that was available for attraction

site visits. The fluctuating July alternatives (2 and 5) produced more

attraction site visit time than the constant release of 12,750 cfs

(alternative 1), which produced the least.

Encounter rates per party per day for the four July scenarios

were similar. They all produced approximately 9 encounters per day,

with an additional 1.5 at camp. The nine encounters were divided

equally between on-site and off-site (visual) encounters. It can be

concluded from this model that these four scenarios had no significant

effect upon the average number of encounters experienced per party per

day. Likewise, the number of the four types of encounters occurring per

week under each of the four scenarios was similar.

There were no delays at rapids as a result' of the four July flow

scenarios. Apparently the fluctuating scenarios which could have

delayed parties at rapids never produced a flow below the benchmark

values at a rapid where a party was located.

Thus, one could conclude that according to the results of the

July 1984 launch schedule subject to these four flow regimes, all were

satisfactory. There were differences in the amount of time available

for attraction site visits, as well as slight differences in encounter

rates. None of the four flow regimes delayed parties at rapids.

The May scenarios were included since a significant number of

commercial and private parties raft the Canyon during the off-season.

This is a time when the Bureau traditionally operates the dam at lower

release levels, so the effects of river flow on river trips, particularly

delays at rapids, can occur quite commonly.
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Attraction site encounter rates under the May alternatives were

similar. Alternative 4 had the least on-site and the most off-site

encounters. However, since alternative 4 had parties arriving in camp

at all hours of the day and night, parties were also visiting attraction

sites at odd hours, thereby not encountering other parties. Parties

operating under the May alternatives experienced less encounters at -

attraction sites than did parties under the July alternatives. This

supports the argument that encounter levels are more dependent upon the

number of parties launched than upon river flow.

The average number of encounters experienced per party per day

was also similar among the alternatives, averaging approximately 7.5

encounters per party per day on the river and at attraction sites. In

camp, a party encountered an average of an additional 1.4 parties.

Again, the May alternatives provided approximately 1.5 (20%) less

encounters per party per day than did the July scenarios.

The number of encounters per week, as seen by an observer, was

also similar for four of the five alternatives. For alternatives 1, 2,

3 and 5, encounters per week for all parties on the river averaged

between 1354 and 1424 encounters per week, almost 500 less than in July.

Alternative 4 had 1740 encounters per week, with 1014 of these as visual

encounters. This was again a result of parties on the river at odd

hours.

The analysis of the May data clearly indicated that alternative

4 produced more delays at rapids than any other alternative studied. It

also required the greatest reduction in attraction site visit time. In

order to achieve a mean campsite arrival time of 4:30 pm, trips
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operating under May alternatives 1, 2, 3 and 5 would need to reduce

their attraction site visit time by a minimum of 90 minutes per day. It

was difficult to determine precisely how much parties would have to

reduce attraction site visit time for alternative 4. Large schedule

changes would have to be made in order to keep a party on a diurnal

schedule under this alternative.

Recall that the WUSM works on fixed itineraries, which, based on

an average flow of 16,500 cfs, provides sufficient time for each

attraction site visit, and a number of visits each day. Therefore, even

when attraction site visit times are shortened by as much as two hours

per day, there is still time for visits. Likewise, longer length trips

have more time for attraction site visits than shorter trips.

The major issue with the May scenarios was the delays at rapids.

Looking back at Table 17, alternative 1, with a constant release of

10,000 cf s, did not delay parties at rapids. Alternative 3 only delayed

parties at Horn Creek, where 137 out of 178 parties (77% of all parties)

arrived when the flow was between 4,000 and 10,000 cf s. Since the WALK

routine was always used, each party was delayed one hour. Alternative 5

delayed parties at Soap Creek, House Rock, Horn, Bedrock, Deubendorff,

and Tapeats, with 124 parties delayed for a total of 199 hours. Fifty-

one of these delays occurred at Horn Creek. Alternative 2 delayed

parties at Soap Creek, House Rock, 24.5/25 Mile, Horn, Waltenberg,

Forster, Bedrock, Deubendorff, and Tapeats, with 229 parties delayed for

335 hours (averaging 113 minutes delay per party, of which 102 were at

Horn). Alternative 4 delayed parties at every rapid, an average of 18

hours for an entire trip.
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Results from the model indicated that the May scenario for

alternative 4 had greater impacts upon river trips than any other

scenario tested. The other four May alternatives affected river trips

in terms of time at attraction sites, encounters with other parties, and

delays at rapids. However the effects were marginal compared to the

impact of alternative 4.

Discussion of Dam Release Alternatives 

Simulation of these 9 alternatives for the months of July and

May provides information with which to evaluate the five full-year dam

release alternatives. These were developed with realistic constraints

in mind, including water commitments to the Lower Basin States of the

Colorado River Compact; maintaining adequate storage in Lake Powell

above Glen Canyon Dam; dealing with spring runoff; and the need to

generate and sell electricity. The five alternatives have monthly dam

release prescriptions, most of which involve fluctuations. However all

5_pTovide the same _annual flow past Glen Canyon Dam into Grand Canyon.

Glen Canyon Dam is peaking power facility, able to generate more

or less electricity on demand. The great advantage of this capability

is the ability to respond to times of peak electrical demand, typically

from noon until the early evening. Fluctuating dam releases are a

direct result of the amount of electrical generation. As shown in

Figures 4 through 12, the highest dam releases are during the afternoon.

In this section, the five alternatives are discussed and evaluated

according to the results of the simulation model.
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Alternative 1 has no daily fluctuations of flow from Glen Canyon

Dam. The power plant would be base loaded for the year, with a different

release prescription for each month. These base load flows would be a

low of 8,300 cfs in March to a high of 14,600 cfs in January. The

effects of these flow scenarios on river trips would be (1) slow river

travel; (2) reduced attraction site visit times; and (3) no delays at

rapids, with the exception of Horn Creek.

Alternative 2 uses the full fluctuating potential of the dam,

with daily releases from 1,000 to 31,500 cfs between September and May,

and from 3,000 to 31,500 during June through August. This alternative

maximizes power generation by providing the ability to fluctuate dam

releases, hence power generation, all year round. As indicated by

previous evaluations, this alternative would provide (1) less encounters

than a high, steady fldw alternative; (2) less attraction site visit

time than a high, steady flow alternative, particularly during the non-

summer months; and (3) delay parties at rapids during the non-summer

months.

Alternative 3 also seeks to maximize electrical generation from

the turbines, however it does not utilize the full potential of the dam.

Daily fluctuations are between 8,000 and 25,000 cfs all year round.

This scenario was in the middle range for alternatives tested. It would

(1) only delay parties at Horn Creek; (2) provide more time at

attraction sites than some alternatives, yet less than a high, steady

release; and (3) provide a mid-range level of encounters. Its most

salient feature is that it brings up the lower end to 8,000 cf s.
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Alternative 4 maximizes electrical generation from September

through May, with releases during this time between 1,000 and 31,500

cfs. June through August would have a steady, high release of 25,000

cf s. The May scenario under this alternative was the least acceptable

of all alternatives studied, producing more delays at rapids than any

other scenario. These delays, combined with low river flow, resulted in

slow travel through the canyon. In contrast to the May scenario, the

summertime releases of 25,000 cfs provided the most time for attraction

site visits, yet, the highest number of encounters. It was hypothesized

by the Glen Canyon Environmental Study that the release of 25,000 cfs

during the summer months represented an optimal situation for commercial

river runners. This high release did not delay parties at rapids and

provided the most time at attraction sites. Encounter rates for parties

operating during this high, steady flow were slightly higher than for

parties running the river at other flow levels.

Alternative 5 is designed to provide a stable spawning,

incubation and initial growth period for the trout in the Lees Ferry

fishery. The remainder of the year maximizes electrical generation.

The scenario is: from November to April releases fluctuate between 6,000

and 10,000 cf s; April, May, September, and October between 1,000 and

31,500 cfs; and June through August between 3,000 - 31,500 cfs.

Releases which fluctuate down to 1,000 cfs have the greatest effects on

river trips as simulated by this model. Delays at rapids combined with

slow river travel reduces attraction site visit time significantly.

Also, safety is often compromised by running rapids at dangerous flows

in order to keep on schedule.
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If fewest delays at rapids, most time at attraction sites, and

least encounters with other parties are the objectives with which these

alternatives should be evaluated, then alternatives with high releases

are preferable over low releases; constant releases are preferable over

fluctuating releases; and small fluctuations are preferable over large

fluctuations. Therefore, none of the scenarios are optimal for river

recreation. The summer months of alternative 4, as hypothesized by the

Bureau of Reclamation, best meet the above criteria. However the non-

summer months of that alternative are not preferable. Many parties raft

the canyon in May and September, when fluctuations would be between

1,000 to 31,500 cf s. Alternative 3, with fluctuations between 8,000 and

25,000 cf s, would be more preferable than the non-summer months of

alternative 4. Alternative 1, which would base load the dam year round,

would be next; alternative 5 would be next, and alternative 2 would be

the least preferable.



CHAPTER 6

SUMMARY AND CONCLUSIONS

The Lucas-Shechter Wilderness Use Simulation Model has been

modified to reflect the effects of fluctuating Glen Canyon Dam releases

on Grand Canyon river trips. The output of the Streamf low Synthesis and

Reservoir Regulation flow model for the Colorado River, which computed

river flow for 11 downstream locations based on hourly Glen Canyon Dam

releases, was used as input into the WUSM. By linking these two models,

the flow of the river could be determined for all 199 river segments

which simulated parties travelled, thereby allowing the effects of river

flow to occur.

The effects which were simulated included how river flow

affected speed of travel, delayed parties at rapids, and impacted

encounter rates. Effects which were not simUlated - included- the amount

of rowing or motoring, motoring noise, upriver winds, possible

breakdowns or accidents, potential beaching of boats due to the river

volume falling overnight, the availability of campsites, and complex

river velocity effects due to severe fluctuations.

The relationship between river flow and speed of travel was

fairly simple, the higher the flow, the faster a party traveled on the

river. Delays at rapids were not quite as simple. Data were collected

from experienced boatmen regarding particular rapids,  and the flows at

which they felt that all other things being equal, they would wait for

68
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higher water rather than risk taking passengers through. Data were

collected for oar, motor and dory boat types. Twenty-four rapids were

identified and divided into 6 classes. Each class had its own

combination of benchmark flow values for each of three boat types (oar,

motor and dory) at which that rapid would delay a party.

Delays at rapids are handled by boatmen in different ways

depending on time of day, weather, scheduling, and other factors outside

the realm of this simulation model. Therefore, the model was programmed

with a decision rule which made all boatmen in the model exactly the

same in the way they handled a delay at a rapid. Two three-week

simulation runs were made for each flow alternative, differing on the

method used when a party was delayed at a rapid. In the first

simulation, when a party was delayed, they waited for one hour, and then

ran the rapid, regardless of the flow. During this hour the passengers

either walked around the rapid, or they simply decided that they could

not afford to wait. The second simulation had the party wait for the

water to rise above the benchmark flow for that boat type. These data

were then combined. Although this is not how an actual river trip was

run, it is useful for the purpose of comparing alternative flow

scenarios.

Simulation of the July 1984 launch schedule (186 parties in 5

weeks) was accomplished Sy using this schedule and SSARR routings of the

five July alternative dam release scenarios in the model. Two of these

scenarios were identical, so 4 alternatives were run in the model.

These alternatives varied between fluctuating and steady releases. The

constant release of 25,000 cfs provided the most time available for
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attraction site visits. Encounter rates under this alternative were

consistently higher than the other alternatives, but only by a small

percentage. The constant release of 12,750 cfs provided the least

attraction site visit time, also the least number of encounters

experienced per party per day. Alternative 2 and 5 fluctuated releases

between 3,600 and 31,500 cfs, and alternative 3 fluctuated releases

between 8,500 and 25,000 cf s. These fluctuating release scenarios were

very similar in terms of number of encounters produced and the time

available for attraction site visits. All July alternatives simulated

did not delay any parties at rapids, and all allowed ample time for

attraction site visits.

Simulation of the May 1984 launch schedule of 127 parties in

five weeks produced different data than obtained by the July schedule.

The May scenario for alternative 1 was a constant release of 10,000 cf s.

This alternative produced the least average number of encounters

experienced per party per day of all the May alternatives. The other 4

alternatives fluctuated releases. Alternative 5, with fluctuations

between 3,000 and 20,900 cfs had the best campsite arrival time of

6:05pm, calling for a reduction of 95 minutes from attraction site

visits per day. Alternatives 1, 2 and 3 were similar in their campsite

arrival time, calling for an average reduction of approximately 129

minutes per day in attraction site visits. Alternative 4 fluctuated

releases between 1,000 and 31,000 cf s, with most hours of the day

releasing between 1,000 and 3,000 cf s. This alternative produced delays

at all 24 rapids, an average of 18 hours per party. The three other

alternatives delayed parties at rapids as well, however, on the average
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only one or two hours total. Alternative 4 had the greatest effects on

river trips compared to any other scenario tested. The low darn release

prescriptions of this alternative caused low river flow, requiring more

time on the river and less at attraction sites, and possibly forcing

parties to run rapids at unsafe water levels in order to stay on

schedule.

Encounter rates were found to be more dependent upon the number

of parties on the river than upon river flow. Although there were

differences in encounter rates among the alternatives in each of the two

months simulated, the differences were small.

This study was not designed to reflect the preferences of river

managers or recreationists in Grand Canyon National Park. Rather, it .

has shown that alternative dam releases affect river trips in different

ways. While the steady, high flow of 25,000 cfs, as in the Ju1y

scenario for alternative 4, provided the most time to visit attraction

sites, it also provided the highest encounter rates. The May

alternative 4 scenario produced delays at all 24 rapids, requiring

parties operating under this scenario to alter their schedules to allow

more time on the river, and less at attraction sites. The May

alternative 4 fluctuated releases between 1,000 and 31,000 cf s; whereas

the July alternative 4 called for a constant release of 25,000 cf s.

They resemble each other only in number.

One can conclude from this simulation model that the May

scenario for alternative 4 would necessitate large schedule changes on

the part of river trips, more so than any other alternative studied.

The three fluctuating scenarios for May would cause some delays at
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rapids, whereas the constant release of 10,000 cfs in May delayed no

parties. July alternatives evaluated produced similar encounter levels,

yet the constant release of 25,000 cfs produced the most time available

for attraction site visits. In evaluatingother flow scenarios, the

rules are that (1) the higher the flow, the more time that is available

for attraction site visits; (2) the lower the flow, the greater number

of parties delayed at rapids; (3) the greater the number of parties

launched, the greater the encounter rates; and (4) the greater the range

of fluctuation, the lower the encounter rates.

The Wilderness Use Simulation Model has been shown to be an

effective tool for evaluating the effects of alternative Glen Canyon Dam

releases on Colorado River raft trips through Grand Canyon National

Park, thus fulfilling the first objective of this study. The model •

could simulate the. following effects of dam releases on river trips

(objective 2): time available for attraction site visits; delays at

rapids due to low river flow; and encounters with other parties. It was

unable to simulate the human dimensions of river trips, including the

frustration of waiting for higher water, the thrill of a rapid ride, the

congeniality of the group, an elegant dinner on a beach at the bottom of

the Canyon or making new friends.

The third objective concerned the importance of these variables

to management. The simulation model attaches no meanings to its

outputs. The sensitivity of Grand Canyon river recreationists to

encounters, delays at rapids, and amount of time at attraction sites has

not been determined. Satisfaction for this group of recreationists has

been shown to be more dependent upon congeniality of the group and the
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thrill of the experience than on encounters. However, delays at rapids,

especially when a party is stuck at an unsafe site, can impact upon

satisfaction. Spending time waiting for the water to rise may not be as

preferable as spending time hiking attraction sites.

The fourth objective was whether the model could successfully

test alternative flow scenarios. This objective was also accomplished.

This modification of the Lucas-Shechter Wilderness Use

Simulation Model will help the Bureau of Reclamation and the Department

of the Interior evaluate alternative Glen Canyon Dam releases as they

effect river trips through the canyon. The information yielded by the

model will be combined with other resource data gathered for the Glen

Canyon Environmental Study, whose purpose is to examine the impacts of

Glen Canyon Dam releases on the resources of Grand Canyon National Park.



APPENDIX: TRIPS CREATION PROGRAM

Previous users of the WUSM took samples of actual river trips

for their trip functions. Given the hundreds of possible trip

itineraries with 110 possible stops, 140 campsites, and over 700 parties

floating the river each year, a computer program was developed to create

trips based upon frequencies of use for campsites and attraction sites.

The program is written in BASIC on a Digital Rainbow 100+ Computer.

The function of this program is to develop river trips for the

WUSM. Based upon a desired length (in days) and type (motor or oar) of

trip, the program creates a trip consisting of a campsite and one or

more attraction sites for each day. Another program provides an

opportunity to edit the trips, and outputs it into a format which is

acceptable for the WUSNL A third program transfers the trip code to the

Univac in-Fort-Collins, Colorado where the program is located and runs.

The first, and main program is flowcharted in Figure 13. Inputs

to this trip creation program include river segments, attraction site

and campsite locations and travel/visit times. Attraction sites and

campsites are assigned frequencies or probability factors based upon

their popularity and use. These frequencies were developed from field

observation, NPS patrol reports, and trip logs turned in by trip leaders

during 1980 through 1983.
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PROGRAM	 DATABASES

INPUT: Desired length of trip

Day =

Float downstream this
amount of time, record
segment number

River Information
Segment numbers (1-199)
Cumulative travel times

Time on River Each Day
Divide total time on river
by the number of days -1

Find all campsites within
1 h travel upstream or
downstream of this river
segment

Campsite Information
Site numbers (310 - 450)
Location by river segment
Usage frequencies

Pick a campsite

Determine river travel
time to this campsite   

Attraction Site Information
Identify all attraction

	
Site numbers (200 - 309)

sites that are available
	

Location by river segment
this day
	

Usage frequencies
Visit time

Pick an attraction site

Add attraction site visit
time to river_travel time

<8h
	

Test
length of

day

>8 h

I OUTPUT: Day number, attraction sites, campsite

Day = day +

Ending segment<199

Ending segment =199

Terminate

Figure 13. Trips creation program flowchart.
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To keep the river trips as accurate as possible, the program did

not simply divide the total length of the river (199 segments) by the

length (in days) of the trip to determine how far the party would travel

each day. Data were collected on the length of time each trip spent

floating on the river each day, not including stops, for all trip

lengths. The average amount of time spent on the river each day for

each trip length could then be computed.

This is best illustrated by an example. For all 199 river

segments, the total time to float them is 2,192 minutes. That is, if a

motor boat launched from Lees Ferry at 8 am on a Monday, and kept

floating without stopping, the boat would arrive at Diamond Creek 2,195

minutes later, or at 8:30 pm on Tuesday. For an 8 day trip, the simple

way to compute how much time was spent floating on the river each day

would be the (total time)/(days), or 2195/8 - 4.5 hours. This is not,

however, how a river trip is run. Certain portions of the canyon have

more popular stopping points than others, and therefore trips may only

spend an hour floating around Elves - Tapeats - Deer Creek, to maximize

visitation times. For an eight day motor trip, these actual float times

are contrasted with times if the river were divided into equal segments.

8 Day Trip Actual Times Divided Equally Times

1 173 274
2 328 274
3 188 274
4 366 274
5 285 274
6 280 274
7 380 274
8 ? 274

2000+ 2192
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On the eighth day of the trip, the program completes whatever segments

are left. The randomness of this program is intended to vary the amount

of time spent on the river, with the figures above for the mean amount

of time spent on the river.

Now, how the program works. The program prompts the user for

the length of trip desired. It then loops through each day, one at a

time. It takes the average length of time spent on the river each day,

in minutes, and sets a range of +/- 60 minutes, and selects all the

campsites available in this range. In other words, the eight day trip

on day 2 is scheduled for 328 minutes of floating time. The program

would then look for all the campsites within 248 and 388 minutes float

time from the previous night's campsite. It then picks a campsite

according to campsite use probabilities. Once selected, the program

figures out exactly how many minutes it takes to float from the previous

nights campsite (or Lees Ferry if Day 1) to this next campsite. It then

selects attraction sites (again based on frequency of use) to complete a

7 to 9 hour day. The next day is then computed in this same manner.

This is done until all 199 river segments have been completed, and a

river trip is created. This trip can then be edited, if desired, and

then is output to a diskette for transferring to the Univac.
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