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SUMMARY — RECOMMENDATIONS 

The vast and diverse areas of Grand Canyon National Park are seen by 
a relatively small percentage of visitors. Within the 1.2 - million 
acre park, approximately 2 percent of the canyon rim is readily 
accessible to the average visitor. The developed areas consist of 
the relatively small scale development on the North Rim in the 
Bright Angel Point area and the more extensive developed area on the 
South Rim extending from Hermits Rest east to Desert View. The future 
capacity of this South Rim developed area was the subject of a study 
during 1977. 

Assumptions—The General Management Plan for the park, the Development 
Concept Plan and Comprehensive Plan for Grand Canyon Village on the 
South Rim have been approved and offer basic guidelines and assumptions 
for the capacity study. These documents stated that all visitors who 
wished to see the Grand Canyon from the South Rim would be accommodated 
within the present developed area. Overnight accommodations (lodging 
and camping) in the Village would be limited to present authorized 
levels; the Desert View campground could be expanded up to a total of 
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150 sites if there is a proven demand. Private vehicle use would 
be eliminated from the Village and West Rim during the peak visitor 
use season. Other facilities — food services, interpretive centers, 
employee housing, etc. -- would be allowed controlled expansion to 
meet the needs presented by increasing levels of visitation. These 
facilities will be developed in accordance with the Comprehensive 
Plan for Grand Canyon Village and a proposed comprehensive plan for 
the entire East Rim/Desert View area. 

It was recognized that unlimited visitation may not be possible — water, 
access, physical space, the quality of the experience, could separately 
or in combination dictate a maximum capacity for the South Rim. The 
1977 study developed theoretical capacities for the South Rim which will 
be further refined through monitoring and evaluation. 

The previously approved plans for Grand Canyon Village call for the 
elimination of private vehicles within the Village area during the peak 
visitor use season. The West Rim would continue to be served by the 
shuttle system and the Village shuttle system would be expanded to serve 
a central parking/reception center where day-visitors to the West Rim/ 
Village would leave their cars. The implementation of this concept is 
a key element in the future capacity and quality of the visitor experience 
in this area of the park. Under this concept, visitation (based upon 
capacity) to the West Rim/Village area would be regulated by the phased, 
incremental construction of a central parking facility. When this 
facility is full, visitors would be directed to the East Rim Drive — a 
change from present visitor use patterns which could significantly increase 
visitation to the East Rim. 

The following sections (1) summarize the main elements of the Capacity 
Analysis/Water Management Alternatives study for the South Rim Developed 
Area of the park, (2) present an outline water management plan, and (3) 
make recommendations for further actions to assure an orderly progression 
towards implementation of the various concepts. 

West Rim/Village Capacity 

The physical capacity of the presently developed rim areas from Mather 
Point to Hermits Rest is substantial — approximately 200,000 people per 
day could view the canyon from a point on the rim if they could get 
there. The capacity of the existing and proposed facilities (interpretive 
centers, restaurants, etc.) is also substantial. At any single moment, 
nearly 19,000 people could be in the various facilities and at the major 
viewpoints along the rim. Additional visitors would be in the less 
developed areas and on the transit systems. 
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In theory, over 350,000 "visits" to the rim and facilities could occur 
over a ten-hour period. By adjusting the single moment capacity for a 
typical visitor experience — one where the visitor spends from four 
to seven hours at various points on the rim, in the gift shops, 
restaurants and interpretive centers — the daily capacity drops to a 
range of 32-68,000 visitors/day depending upon the use pattern and 
turnover rate selected. 

Two other main factors enter into the capacity calculations: the quality 
of the visitor experience and the capability of the transit systems to 
deliver the visitors to their destinations. The capacity figures were 
adjusted to assure that a visitor would have the opportunity to get 
away from the crowds — but, the popular viewpoints and some facilities 
would be crowded at various times during the day. When the central 
parking/reception center is in operation, the visitors will be able to 
plan their visit based upon time available and their particular interests. 
It is intended that this trip planning assistance will help the visitor 
avoid crowds and have a rewarding experience. (It should be noted that 
visitors surveyed in 1977 complained about parking problems, food 
service and other annoyances but, they did not allow these problems to 
detract from their overall appreciation and enjoyment of the Grand 
Canyon.) 

The Village and West Rim shuttle systems were evaluated for the potential 
to expand to serve the maximum number of visitors. Until the central 
parking concept is implemented and the Village is free of private vehicles, 
a high capacity transit system cannot be placed in operation and a true 
capacity determination cannot be made. Based on ideal operating condi
tions, the transit systems still become the limiting factor in the 
capacity of the West Rim/Village area. 

With the constraints of the transit system governing, the theoretical 
capacity of the West Rim/Village area is 35-45,000 visitors per day, 
of which approximately 5,000 would be overnight visitors. The West 
Rim shuttle system would carry 15-20,000 visitors daily with the balance 
of the visitors spending their time in the Village area. It was 
estimated that an additional 10-15,000 visitors per day could be 
accommodated if all systems are operating efficiently but, the quality 
of the visit would undoubtedly suffer. 

The study calls for future evaluation of visitor use patterns after the 
central parking/reception center concept has been implemented. Through 
evaluation and experimentation with various ways to reduce congestion 
and improve the quality of the visitor experience, the theoretical 
capacity can then be reevaluated. 
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Cast Rim Capacity 

The entire East Rim was studied to determine the capacity of existing 
developed areas, the potential for their expansion, and the potential 
for the development of new areas and/or experiences which would allow 
maximum levels of use. Traffic counts and visual observations were 
used to evaluate existing visitor use patterns. Based on present use 
patterns, the present capacity of the East Rim is approximately 52,000 
visitors per day (approximately 3h times current peak use levels). 
However, occasional overcrowding occurs at Grandview Point and Tusayan 
Ruins and consistent overcrowding occurs at Desert View. Developing 
existing and potential viewpoints and other features to their maximum 
would increase the capacity of the East Rim to approximately 198,000 
visitors per day. 

Two basic alternatives were explored to guide future use on the East 
Rim. Alternative I would accommodate as many visitors as possible by 
maximizing the capacity of developed areas. Alternative II stresses 
information and interpretive services providing visitors an opportunity 
to plan their visit based on personal interests, objectives and time 
constraints — similar to the concepts for visitors to the West Rim/Village 
area. Alternative II would include the development of new areas to take 
advantage of the diverse natural and cultural resources of which many 
visitors are unaware. 

The study recommends that a Comprehensive Plan for the entire East Rim 
be developed along with an Interpretive Plan for the entire South Rim 
Developed Area. Such a plan would address the mounting problems at 
Desert View and give direction to future visitor use along the East 
Rim Drive. The plan would combine elements of the two basic alternatives 
to provide for both high visitation capacity and varied, quality 
experiences. 

The capacity of the East Rim is not limited by the physical capacity 
of the rim. The East Rim Drive — a relatively slow, two-lane road — 
becomes the limiting factors. While some modifications to the present 
alignment would improve safety and could possibly increase capacity, 
the basic alignment and road standard limits capacity to approximately 
1,250 cars per hour (625 in each direction). Approximately 40-50,000 
visitors could travel the drive in a ten-hour day based on present use 
patterns. Under the two alternatives explored, the daily capacity was 
the same due to the limiting road capacity; however, Alternative I 
explores the possibility of an additional 10,000 visitors daily at the 
western end of the drive in the Yaki-Shoshone Points area. 

The actual capacity of the East Rim Drive is complicated by the fact 
that many visitors drive part way or all of the way along the drive 
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and then return. If all visitors did this, the drive capacity would 
be reduced by 50 percent. Accurate figures on the percentage of 
visitors turning around at some point on the drive could not be derived 
from the traffic counts. The study assummed a conservative figure of 
20 percent turn-around, reducing the theoretical daily capacity to 
approximately 32-40,000 visitors. 

South Rim Capacity 

The theoretical capacity of the South Rim is between 67,000 and 
85,000 visitors daily, depending upon the average length of stay 
and other visitor use patterns. It should be anticipated that the 
daily capacity would go down as the quality of the experience improves. 
It might be possible to accommodate an additional 25,000 on a peak day, 
but, the quality of the experience would be expected to suffer. 

Environmental Impacts 

A formal environmental assessment was not prepred as a part of the 
study since no physical actions requiring NEPA compliance are proposed. 
The study presents a program which may lead to future actions requiring 
NEPA compliance. Some of the possible future actions have been covered 
in previous documents and, throughout the study, environmental affects 
were a basic consideration in assessing the capacity of the South Rim. 
In the presently developed areas, most of the trails, overlooks, and 
other facilities were developed many years ago. There is a need for 
improvements to retain visitors on designated trails in the heavy 
use areas and to upgrade facilities to meet existing use patterns. With 
these improvements, impacts on surrounding areas should be reduced even 
with increased levels of visitation. Should new areas be developed 
along the East Rim, environmentally sensitive areas and cultural sites 
would be avoided. While additional parking areas, trails and viewpoints 
would impact areas which presently receive minimal use, the impacts would 
generally be on or back from the rim and not in the prime resource — the 
canyon. As stated in the approved (1975) General Management Plan, the 
South Rim Developed Area would be designed to accommodate maximum 
visitation levels with the remainder of the South Rim left undeveloped. 
Under this concept, additional impacts from increased visitation and sub
sequent development are recognized as a necessary trade-off to assure 
preservation of the greater area of the park. 

Water Management Alternatives 

In relation to the physical capacity studies for the South Rim, it 
was essential to determine if sufficient water could be made 
available to serve potential visitation levels. During the peak summer 
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visitation months water reserves drop below desired level and, at times, 
water has been hauled into the park to replenish supplies. 

The present water source for the South Rim is Roaring Springs on the 
north side of the Colorado River. Water is piped by gravity to Indian 
Gardens where it is then pumped to the South Rim for storage and dis
tribution. The present pumping capacity is less than the capacity of 
the transcanyon pipelines and less than the daily use rate in the summer. 
Storage tanks in the Village and at other use points provide equaliza
tion storage to make up this deficiency, but, the present storage 
capacity (13.3 million gallons in the Village) is not adequate to meet 
demands and provide necessary fire and emergency reserves. In addition, 
the water distribution system is old and accounts for a considerable 
annual water loss. 

Alternatives studied covered repairs to the pipelines and distribution 
system, extended use of reclaimed water and other conservation methods, 
and additional sources or methods to increase water supply ranging from 
deep wells to an additional or expanded transcanyon pipeline. While a 
detailed economic and environmental assessment on the hundreds of 
alternative combinations was not prepared, a majority of the alternatives 
would obviously be very costly and/or result in significant environmental 
impacts. 

The capacity study indicated a theoretical capacity range of 67-85,000 
visitors daily during the peak summer season. For the purposes of 
formulating a water management plan, an average daily visitation of 
70,000 during the peak visitation season has been used. The study 
emphasizes that the water use rates used in projecting future needs 
are based on a thorough analysis of available water use records. 

Improved record keeping and metering methods are needed to minimize 
discrepancies to more accurately determine future water needs. 

The study concluded that sufficient water can be supplied — at high 
cost — from the existing Roaring Springs source to serve the potential 
levels of visitation. The following actions would be required to 
assure an adequate water supply: 

Phase I 

- Construct 500,000 gallon storage tank in the Village to provide 
fire reserves to the upper pressure zone (Yavapai Lodge - Mather 
Center). 

- Construct 500,000 gallon storage tank at Desert View. 
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- Construct an additional 2 million gallons storage in the 
Village unless distribution system loss can be eliminated 
almost immmedintely. 

- Extend reclaimed water to all new facilities (Motor Lodge -
employee residences, etc.) and increase reclaimed water 
storage. 

- Test transcanyon/Indian Gardens pipelines, repair to withstand 
residual pressure and begin cyclic maintenance program to 
increase reliability of the lines. 

- Modify or replace pumps to provide 700 GPM (gallons per minute) 
pumping capacity. (Additional power capacity to Indian 
Gardens may be required.) 

- Extend transcanyon (Indian Gardens) pipeline directly to storage 
tanks to improve distribution system efficiency and improve 
circulation within the storage tanks. 

- Begin phased replacement of Village distribution system to 
eliminate loss through leaks, reduce maintenance costs, and 
improve distribution system efficiency — if feasible, use 
old distribution system lines to extend reclaimed water service 
to areas not presently served. 

- Continue installation of water conserving fixtures and enforce
ment of water conserving practices. 

- Improve water metering methods and equipment to validate water 
use rates used to project future needs. 

Phase I would provide water to serve approximately 1.3 million overnight 
and 3.5 million day-visitors. The summer months could remain critical 
until additional storage is constructed, the major distribution system 
leaks have been eliminated, and the use of reclaimed water is significantly 
expanded. 

Phase II 

- Continue replacement of Village distribution system and extension 
of reclaimed water to older facilities. 

- Construct additional storage in Village based on demand projections. 

- Extend water line to Desert View and repair/replace existing line 
unless future studies prove that hauling water remains the most 
practical approach and will not cause significant inconvenience 
to visitors. (This could be moved to Phase I to reduce demand on 
the Village storage system and/or to reduce eventual cost.) 
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- Construct additional storage at Desert View and other locations 
if future studies indicate a need. 

Upon completion of Phase II the water system would be able to serve an 
annual visitation level of over 23 million If visitation were spread 
evenly throughout the year. 

The following table illustrates a theoretical supply and demand summary 
at a point-in-time when visitation approaches an average of 70,000 
day-visitors/day during the peak summer season. The table assumes an 
increase in off-season visitation as predicted in previous studies. 
The Base Demand includes an overnight visitation of 1.3 million annually 
and also assumes an increase in resident population and the development 
of facilities has coincided with increased visitation. 

ANNUAL SUPPLY/DEMAND SUMMARY WITH VISITATION APPROACHING 
THEORETICAL CAPACITY DURING PEAK VISITATION SEASON 

REQUIRED STORAGE: 

ADDITIONAL STORAGE REQUIRED 
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Bi-Monthly Period Feb-Mar Apr-May June-July Aug-Sept Oct-Nov Dec-Jan Annual 
(number of days) (59) (61) (61) (61) (61) (62) 
% of Annual Day Visitors .05 .20 .33 .28 .06 .08 100% 
Average Day-Visitors/Day 11,017 42,623 70,328 59,672 12,787 16,774 13,000,000 

Supply in Millions of 
Gallons Adjusted for 
Pumping Efficiency 53.53 55.34 53.25 49.62 55.34 56.25 323.33 

BASE DEMAND—overnight + 
residents + other facil. 16.32 24.26 37.22 40.18 19.68 28.52 166.18 
DAY-VISITOR DEMAND 
@6.5 gallons 4.23 16.90 27.89 23.66 5.07 6.76 84.51 

TOTAL DEMAND 20.55 41.16 65.11 63.84 24.75 35.28 250.69 

SUPPLY less DEMAND (neg. 
no. indicates water 
from storage) 32.98 14.18 -11.86 -14.22 30.59 20.97 72.64 
Replaced in Storage 26.08 26.08 
Unpumped 32.98 14.18 -0- -0- 4.51 20.97 72.64 

10.0 million gallons fire and emergency reserves 
+27.0 equalization storage (rounded up) 
37.0 million gallons 

-13.3 existing storage 
1 23.7 million gallons 



The preceding table illustrates that the South Rim would be approaching 
capacity during the peak summer visitation period and that "unpumped" 
water (72.64 million gallons) could be available to serve an additional 
11 million day-visitors if they come in the off-season. (The exact 
number of visitors served would depend upon the ratio of day and over
night visitor increases.) 

The preceding water management plan was selected after considering the 
economic and environmental consequences of the various alternatives 
and the trade-offs associated with them. The plan would require con
struction of a massive water storage tank farm in the vicinity of the 
Grand Canyon Village as opposed to the construction of additional or 
expanded water lines within the Grand Canyon — an environmental 
trade-off which appears more acceptable. The plan is only an outline. 
A detailed engineering study will be needed to determine the costs and 
the proper phasing of the various elements. 

It should be noted that, when the Village is at capacity, all additional 
visitors will be directed to the East Rim Drive. The capacity analysis 
indicates the need for a comprehensive plan for the East Rim and Desert 
View. Until such a plan is completed, the water needs for day-visitors 
along the East Rim are projected at 6.5 gallons per visitor. If water 
is available at more places and especially if additional food services 
are provided, the rate of water consumption will increase, requiring 
additional storage capacity and reducing the total visitation which could 
be accommodated. In addition, the storage requirements provide 10 million 
gallons reserve for fire protection and emergencies in the Village — 
roughly a ten day supply. If use rates prove to be higher or a longer 
reserve supply is needed, additional storage capacity will be needed. 
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RECOMMENDATIONS 

The following programming actions are recommended to provide for present 
and future visitors to the South Rim of Grand Canyon National Park. 

- Implement the comprehensive Plan for Grand Canyon Village—with 
emphasis on development of the central parking/reception center 
facility and the vehicle-free Village. 

- Schedule/complete an Interpretive Plan for the entire South Rim 
recognizing the distinct differences between the future visitor 
experiences on the East Rim and in the West Rim/Village areas. 

- Schedule/complete archeological and cultural resources studies for 
the East Rim. 

- Schedule/complete a Comprehensive Plan for the East Rim/Desert 
View area. 

- Develop/implement programs to monitor and evaluate visitor use 
patterns on the entire South Rim following implementation of the 
central parking/reception center concept. 

- Program/complete detailed engineering studies for the Water 
Management Plan. 

- As part of the above studies, determine costs, facilities, staffing, 
and other needs to implement the various projects and services. 

THESE RECOMMENDATIONS WERE APPROVED BY THE REGIONAL DIRECTOR, WESTERN 
REGION, ON FEBRUARY 7, 1978. 
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CAPACITY ANALYSIS—SOUTH RIM DEVELOPED AREA 

The Village area of Grand Canyon is essentially a small town providing a 
typical range of services for the resident population and visitors. 
Extensive utility systems, maintenance facilities, and commercial 
services are available in the Village and the nearby town of Tusayan. 
Planning for future development in the Village places constraints on 
growth but allows certain facilities to expand to meet growing visitation 
demands. Overnight visitor accommodations will be limited to 871 lodging 
units, 353 campsites, and 195 recreational vehicle sites, an increase 
over present facilities since some lodging and RV sites are now being 
used for employee housing. Interpretive facilities, food services, and 
curio sales would expand as demand increases. Generally, these facilities 
would be located in existing structures in the old Village—structures 
housing management and maintenance facilities which will be relocated to 
more efficient new structures. Facilities requirements, housing and 
staffing needs have been projected to the year 2000 or an annual visi
tation of 4,000,000, whichever occurs first. These facilities would 
serve a peak day visitation of 40,000 and an average day of 30,000. 

Outside of the Village there is a small concession facility (snacks and 
curios) at Hermits Rest, corral facilities at Yaki Point, and the Desert 
View development which includes a general store, gas station, snack bar, 
three curio shops, 50-unit campground, NPS/concessions employee housing, 
and minor maintenance facilities. The only proposed change in these 
facilities is an expansion of the Desert View campground to 100 sites. 
An improved employee housing area has been planned (utilities and roads 
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are in place), but the relocation of concession housing and construction 
of permanent NPS housing in the new area appears to have low priority. 
Interpretive facilities are lacking. There is no comprehensive design 
plan for Desert View or the entire East Rim and future requirements 
have not been determined. 

Inner Canyon use affects the South Rim in that most people entering the 
canyon start from the Village area. Mule trips (one-day and overnight 
to Phantom Ranch) originating in the Village are limited to their present 
number. Overnight camping in the canyon is limited by a permit system. 
The number of persons using the Inner Canyon is relatively low in 
terms of overall visitation. However, they do use Village facilities 
and their cars must be parked somewhere when they are in the canyon. 

For the purposes of capacity analysis, the South Rim is divided into 
three components: West Rim Drive, the Village (including Mather Point), 
and the East Rim Drive (including Desert View). 

The objective of the study is to determine a theoretical capacity for 
the South Rim. It is probable that visitation to the Village and West 
Rim will someday reach capacity and that visitors will have to be diverted 
to the East Rim (which may also reach capacity). Theoretical capacity 
implies that the actual capacity cannot be determined. Capacity is 
dependent upon many variables. Access roads to the park, within-park 
roads, and transportation systems may place constraints on the number of 
people reaching the park. The limitation on overnight facilities within 
the park affects the length of visitor stay; the unpredictable growth of 
facilities outside the park has a similar effect. The desired type and 
quality of visitor experience becomes a major variable in capacity 
determination. 

This study will project a theoretical capacity for the various components 
of the South Rim based on alternative concepts for the visitor experience. 
As visitation increases and approaches these theoretical capacities it 
will be essential to initiate further studies to obtain missing data on 
visitor use patterns, to experiment with techniques to modify visitor 
use patterns, and to evaluate the effect of increased visitation upon 
the quality of the visitor experience. 

Many assumptions have been made during this study. Some are based on 
past studies, some are based on limited observation during this study, 
and some are pure speculation. These assumptions must be verified and 
modified during the future studies. 
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CAPACITY ANALYSIS—WEST RIM DRIVE 

The Village and West Rim Drive on the South Rim of Grand Canyon 
are the focal points for most visitors to Grand Canyon National Park. 
They offer numerous viewpoints from which the visitor may observe 
the canyon and river. In the early 1920s, cars were banned from the 
West Rim Drive with access provided by horse-drawn carriages to 
"protect the dignity and quietude of the trip." 

As the number of visitors and cars increased, the drive was reopened 
until 1974, when the present shuttle bus system was placed in operation 
to relieve the constant congestion between Memorial Day and Labor Day; 
to eliminate the constant noise and fumes from moving vehicles; to 
reduce impact from improperly parked vehicles; and to provide the 
visitor with a higher quality experience. During the slower months 
with less visitation, the West Rim Drive is open to private vehicles. 

The West Rim Drive is served by shuttle busses which operate on a 15-
minute headway but, during peak hours, extra units are added so the 
headway becomes approximately 10 minutes. Shuttle busses are a Minibus 
tractor unit with 27 seats and space for 18 standing; trailers have 
34 seats and approximately 22 standing. Some units go with one trailer, 
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some with two. As many as 225 have been counted on a three-section 
shuttle bus, exceeding the theoretical capacity of 157 persons. The 
shuttle busses have difficulty pulling a second trailer up steep grades 
and transmissions are placed under a heavy strain. 

The mix of two- and three-unit shuttle busses creates problems at the 
West Rim interchange. People were observed waiting as long as 45 minutes 
to board a bus—if you are in the third line when a two-unit shuttle 
pulls up, it means another 10- to 15-minute wait—it can prove very 
discouraging. 

The West Rim shuttle system operates from 7 a.m. to 7 p.m. with a 
5:30 a.m. special bus (for hikers) to Hermit's Rest and a 9:00 p.m. bus 
from Hermit's Rest back to the Village to pick up stragglers and sunset 
viewers. 

To handle the sunset crowds, several busses return to Hopi Point after 
the regular runs and wait until sunset is over. There may be as many as 
600 people to carry on these runs. If the 9 p.m. sweeper bus encounters 
large crowds, it returns (after informing the visitors to wait) or 
the driver calls for another bus. 

A round trip on the shuttle takes approximately 1% hours, including a 
brief (5 minute) stop at Hermit's Rest. (Busses are scheduled for one 
hour and 20 minutes round trip with 5-minute layovers at Hermit's Rest 
and the Interchange.) 

If a visitor rode the shuttle and spent a minimum of 15 minutes at each 
stop, a round trip would require 3h hours. It appears that most visitors 
do not stop at all points, but we have no information on a "typical" 
visit pattern. 

The capacity of the West Rim is determined more by the capabilities of 
the shuttle system than the physical capacity of the viewing areas. A 
brief analysis of each of the shuttle system stops and some of the prob
lems at these stops gives an indication of a possible overall capacity 
on the West Rim. The capacities stated are based on relatively high 
densities at the main viewpoints with density decreasing to each ride; 
visitors can get away from the crowds if they are willing to walk. 

West Rim Interchange—The loading point for the West Rim shuttle. 
Generally, uniformed personnel are on duty to help the visitor. People 
queue up in three lines to board the shuttle busses (as previously 
mentioned—a problem when a two-unit bus arrives). There is no 
shade, limited seating, no water. On a peak day visitors may wait 
up to 45 minutes to board a bus. A small kiosk and bulletin 
board gives some basic information—hours of operation—scheduled talks— 
etc., but there is little orientation to help explain what there is to 
see and do. People appear reluctant to fill the busses so there is 
usually extra standing loom when a bus departs. The bus departs with a 
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brief explanation of the rules and the fact that you can make a round 
trip in lh hours or get off at any point and catch another bus in 
15 minutes going in either direction. Some drivers offer information on 
what there is to see at each stop—some encourage people to walk and 
give the distances between stops—and some say virtually nothing other 
than the name of the stop. There is little training in interpretation 
for the drivers and, in fact, the drivers are discouraged from giving 
any form of a tour—they are to concentrate on safe driving. 

Trail View Overlook—Actually Trailview II overlook. A relatively small 
developed rim area with a capacity of 80 to 100 people, but with ample 
developed areas to each side along well defined trails to provide for 
many more people. There is no permanent interpretive feature—brief 
talks are scheduled during the day. An exhibit shelter at Trailview I 
Overlook tells about the trail, mules, etc. Some visitors walk to 
Trailview I and some wait there for the bus only to watch it pass on by. 
It is only a short walk from Trailview II to Maricopa Point (the next 
shuttle stop) and it is a very nice walk back to the Village. Although 
some of the available literature mentions various trails along the rim, 
there are few trail signs indicating distances and, except for a few of 
the bus drivers, little is done to encourage walking. Total capacity in 
the area of this stop would be 300-500, depending upon the number of 
people walking. 

Maricopa Point—Actually two points with relatively small formal areas 
for viewing and only one area with a guardrail. The area is attractive 
with ample shade, benches, a toilet, and a bicycle rental concession. 
The paved, rock edged trails are too narrow for the number of visitors 
and the area adjacent to the trails is heavily trampled in many places. 
There are no exhibits or information at this point—talks are scheduled 
during the day. The most prominent features are the Battleship formation 
and the Orphan Mine. This is the best location to explain the Orphan 
Mine, but nothing is mentioned in the brochure or on-site. The river is 
barely visible from this point. The large area could hold 900-1,000 
people although relatively few would actually be in the main viewing 
areas on the rim. A 30-minute layover rather than 15 would be required 
especially if there was some interpretation to attract and hold the 
visitors. 

Powell Point—Two memorials are the main attraction at this point. The 
area is denuded of vegetation, is hot and unattractive. There is a 
toilet. There are no interpretive or information exhibits other than 
the two memorials. The areas to each side do not offer much potential 
for expansion of the viewing area. The area would hold approximately 
200 people—more could be handled, but the area does not offer appealing 
qualities to hold the visitor. Walking to the next viewpoint should be 
encouraged. 
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Hopi Point—The bus stops at Hopi Overlook and it is a short walk to the 
main point. Some drivers suggest walking out to the point—there are no 
signs, exhibits, or information to suggest what to do. Talks are 
scheduled during the day. The "feature" of the point is that it is 
7-1/2 miles from Hopi Point to Tigo Point, the closest point on the 
North Rim. There are also good views of the river and it is an 
excellent place for sunset. The combined overlook and point area is 
quite large holding approximately 600 people along the rim. Removal or 
reduction of the parking area at the main point would improve the viewing 
area and the intrusion of shuttle busses (at sunset) would be removed. 
The parking area could be redeveloped for pedestrians and seating, 
forming an informal amphitheater back from the rim. Toilets are needed, 
water would be desirable, and it is a logical location for a mobile 
refreshment stand as recommended in the West Rim Transportation Study. 

Mohave Point—This point offers an excellent view of Granite Rapids and 
the Abyss. The area is fairly large with formal (guardrails) and 
informal viewpoints. There are scheduled talks during the day. The 
area could hold 800-900 people. Water would be desirable. A chemical 
toilet had been removed temporarily. 

The Abyss—This stop is at a small overlook offering a view of the Great 
Mohave Wall and a 3,000-foot drop to the Tonto Plateau. The stop is 
0.7 miles from Mohave Point and approximately 2% miles from Pima Point 
(the next bus stop). There is a poorly defined trail along the rim, but 
it is very close to the road and at times you must walk on the road 
shoulder. A more spectacular view is available at another turnout 
closer to Mohave Point, but the straight drop and limited guardrails 
preclude large crowds. People should be encouraged to walk to this 
viewpoint. Not many people get off here—the capacity is about 100, but 
that level might prove to be too crowded. 

Pima Point—This point has a relatively small developed area, but could 
be expanded to the sides although the prime view is on the point. An 
exhibit shelter has two panels—one on birds, the other on rapids. 
Several rapids are in view. There are also good views of Tonto Plateau 
and Tonto/Hermit's Trails. The point could hold about 50 people and the 
area could hold about 300 with some crowding—a total of 250 capacity 
would be more reasonable. 

Hermit's Rest—This is not primarily a view area—a former viewpoint has 
been closed. There is no interpretation, the grounds are badly trampled, 
and the main attraction is water, food, and soft drinks, plus a curio 
shop. An unattractive comfort station sits near the parking area and 
there is a small structure for bicycle rentals. The Hermit Trailhead is 
reached by a service road, but there are no signs pointing the way. 
Capacity is difficult to determine. The snack bar is a single window 
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opening onto a narrow porch which is filled with vending machines and 
trash cans. The curio shop is not very big. The immediate area could 
hold 200-300 people, but the snack counter may not be able to serve that 
many. The area needs refurbishing with pedestrian areas well defined 
and native vegetation restored. 

Physical Capacity 

The combined capacities of the West Rim overlooks served by the transit 
system are approximately 3,700 people at one time. Assuming an additional 
300 people scattered along the rim, the total capacity of the West Rim 
is approximately 4,000 persons at one time. This does not include 
people in transit on the shuttle system. 

If you assume each visitor spends only 15 minutes at each stop, the 
hourly capacity would be four times the capacity or 16,000 persons per 
hour. If you assume maximum visitation over a 10-hour period, the total 
daily capacity is 160,000 visits. 

The present capacity of the West Rim transit system varies with the 
equipment used and the headway for the vehicles. At a 10-minute headway 
with three-section vehicles, the system can transport an average of 
1,000 persons per hour or 10,000 persons during a 10-hour period. 
Operating at a 5-minute headway (more equipment would be required), the 
number of visitors could double to 2,000 per hour or 20,000 persons in a 
10-hour day. This assumes, of course, that the busses are filled on 
each run—it also ignores an additional two hours of operation at a 
lower use level. 

It is quite obvious that the physical capacity of the primary viewing 
areas on the West Rim far exceeds the capability of the transit system 
to deliver persons to the West Rim. The above physical capacities did 
not reflect a maximum capacity, did not consider other potential use 
areas which could be developed, and did not consider "desirable" levels 
of use based on a quality interpretive experience. 

These figures are theoretical—the transit system has variables which 
affect its capacity; the visitor use patterns are also variable and 
affect capacity of the transit system and the overlooks. 

Potential Capacity 

Many variables contribute to the capacity of the West Rim. 

1. The physical capacity of the rim and adjacent areas is sub
stantial if maximum use was desired and crowding was acceptable. 
Even with crowding at the eight transit stops, there is ample 
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opportunity to walk short distances to observe the canyon in 
relative solitude and to get away from the crowds. Crowding 
will naturally occur at the major overlooks but, is to some 
extent, self-regulating. Observations have shown that 
the visitors will move to less crowded areas when the crowds 
reach an unacceptable level. 

2. The transit system could be expanded to deliver more visitors 
to the West Rim—additional equipment is on order now. 
John Hyatt, Fred Harvey transportation supervisor, states that 
a 5-minute headway could be accomplished, although there could 
be some problems with such a close schedule—bunching of 
vehicles and conflicts at some stops where there is little 
room for vehicles to pass could cause delays and make a 5-
minute schedule difficult to realize. The three-unit vehicles 
cause some problems. The third unit places quite a strain on 
the tractor unit, especially when all units are fully loaded. 
There is also a slight tracking problem with the third unit 
which poses some potential safety problems. Mr. Hyatt would 
prefer to operate without the third unit. 

3. The present Village loop shuttle system also has a limited 
capacity and would have to be revised to handle a larger 
capacity at least matching the capacity of the West Rim 
shuttle. Because of additional visitors in the Village area, 
the Village shuttle system should operate more frequently than 
the West Rim system—perhaps a 3- or 4-minute headway. This 
frequency of service could be achieved only when cars are 
eliminated from the Village. 

4. Parking in the village is a major constraint—at present and 
in the immediate future. On peak days virtually all parking 
spaces are full and many vehicles park illegally off the 
roads. 

5. A lack of information, interpretation, comfort facilities 
(toilets, water, food) limits what the visitor does on the 
West Rim. Few people spend more than 15 minutes at an over
look—20 to 30 if they miss the next shuttle. The visitor has 
little information to guide his visit—there is little encouragement 
to walk—minimal explanation of what there is to see—and the 
toilet and water are several stops away. For maximum capacity, 
this situation should not change and the turnover at the 
various stops would remain high. If a quality visitor experience 
is desired (see the report by Bill Ingersoll in the Transportation 
System report prepared by the Western Regional Office), it 
would be possible to increase the average stay at a point 
which would reduce the overall daily capacity. A visitor, 
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with advance information, might be more selective and visit 
fewer points—thus capacity increases again if all points are 
used equally but not by all visitors. The capacity and the 
quality of the experience are directly related. 

Summary 

The capacity of the West Rim is limited by the ability of a transit 
system to deliver people to the overlooks. The transit system can be 
designed to carry 15,000 to 20,000 visitors per day. Services such as 
snacks, water, toilets, can make the experience more comfortable; 
information, orientation and interpretation can make the experience more 
meaningful. The physical capacity is not a limiting factor. The 
problems of parking and transportation _to the West Rim shuttle will be 
addressed in the Village capacity analysis. 

Based on the above analysis, a capacity of 15,000 people per day and 
peak capacity of 20,000 per day will be used as the theoretical capacity 
for the West Rim Drive. At this level of use, some viewpoints and 
transit stops will be crowded but there will be ample opportunity for 
the visitor to move away from the crowds to enjoy the canyon in relative 
solitude. The increase in use should not create any significant increase 
in resource damage. Improvements to trails, viewpoints and other faci
lities would tend to constrain the area of impact and, in the long run, 
reduce impacts below present levels. Improved information and orientation 
(at the proposed reception center) would help the visitor utilize the 
available opportunities. 
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CAPACITY ANALYSIS—GRAND CANYON VILLAGE 

Facilities requirements, employee population, and overnight facilities 
are based on projections by the firm of Rockrise, Odermatt, Mountjoy 
Associates (ROMA) in the Comprehensive Design for Grand Canyon Village 
and policy limitations as stated in the Master Plan for Grand Canyon 
National Park. A Comprehensive Design and development program for Grand 
Canyon Village has been prepared and conditionally approved. The con
cepts in the Comprehensive Design for a central parking/reception center 
were not approved, subject to further testing and evaluation. Since the 
location of a central parking location for day visitors has not been 
approved, transportation systems and parking capacities, which may 
become determinants in total capacity, cannot be designed. Figures used 
in this study are based on the assumption that day visitors will arrive 
at Mather Point to board the Village transportation system. 

The present visitor use patterns have not been studied other than in 
broad terms. The assumptions used in this study are based on obser
vations and figures supplied by the park staff and the concessioner. 
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Future development in the community of Tusayan will directly affect 
visitation patterns in the Village. Projected growth rates for Tusayan 
are obscure due to the numerous problems facing the community, especially 
water problems and limited private land available for development. The 
community and the county are preparing a plan for future development. 
When this is completed it will be necessary to re-evaluate the impact of 
Tusayan development on the park. 

The approach used in this analysis first determines the "single peak 
moment" capacity based on all facilities and areas being used to capacity 
at approximately midday. These figures are then adjusted by rates of 
turnover for each type of facility or area and by the time of day based 
on arrival and departure patterns. Any of these figures can vary accor
ding to the desired experience and the analysis has used the assumption 
that the Village would be an intensively used area with some opportunity 
to get away from the crowds. It is also assumed that restaurants (and 
improved management) can be designed to serve whatever number of visitors 
can be accommodated in the Village. 

Capacity Factors 

Viewing Areas on Rim—Within the core area of the Village there are 
approximately 3,400 linear feet of rim readily accessible to visitors. 
Not all of this rim area offers choice viewpoints, but we will assume a 
uniform distribution of visitors for purposes of capacity determination. 
There is considerable variation in the width of walks along this portion 
of the rim; improvements included in the Comprehensive Design would 
provide additional space for walking and relaxing. 

At present, the area is intensively used with density varying in relation 
to adjacent facilities. The largest concentrations of visitors occur 
near the Bright Angel Lodge, El Tovar, and the Bright Angel Trail. 
Generally, the rim is lined with a stone wall and broad walks with an 
average width of 12 feet, although, in some places, the width is sub
stantially greater if seating areas and other paved areas are included. 
Using the 12-foot width and the 3,400 linear feet of rim gives us an 
area of 40,800 square feet for viewing and strolling along the rim. 

The ROMA studies have provided us with basic criteria for determining 
capacities of viewing areas. For maximum density an area of 5 square 
feet per person is required; for comfortable viewing, 25 sq. ft. per 
person; for generous, uncrowded viewing, 35 sq. ft. per person. The 
figures are applicable to relatively confined viewing areas. In the 
Village people tend to stroll along the walks, stopping to look at the 
canyon from various points. There are a few spaces back from the rim 
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to sit or relax; more would be provided when the Comprehensive Design 
is implemented. Using the above figure we can calculate a range of 
capacities: 

4 0,800 + 5 sq. ft. = 8,160 people at one time 
40,800 + 25 sq. ft. = 1,632 
40,800 -s- 35 sq. ft. = 1,166 

Another approach is to allow 2.5 linear feet per person for viewing 
(3,400 lin. ft. + 2.5 = 1,360) and double that for people approaching or 
waiting to view (1,360 x 2 = 2,720). This formula works at an area such 
as Mather Point but is not really applicable to the Village rim, where 
spaces are large and the majority of people are moving rather than 
standing at a viewpoint. Due to the considerable area adjacent to our 
calculated area of 40,800 sq. ft., we have selected a high density 
of 10 sq. ft. per person to calculate theoretical capacity (40,800 * 10 = 
4,080—round to 4,000). With adjacent spaces and variable walking rates 
there will be some areas which are quite crowded and others that will be 
relatively uncrowded. 

Between the Village and Yavapai Point there are approximately 7,500 
linear feet of rim accessible-to the visitor. The character varies as 
you walk the rim trail—in places you are in the trees and hardly aware 
of the canyon—in other places you can stand near the edge looking 
straight down, unprotected by guardrails. The actual area available is 
quite large but we have assumed an average trail width of 4 feet times 
the 7,500 linear feet, giving us an area of 30,000 square feet. Again, 
different factors can be used to calculate capacity. Based on obser
vations, people on this trail tend to stay at least 7 to 10 feet apart. 
When the gap closes, people stop or speed up to maintain separation. 
However, this degree of crowding rarely happens at present visitation 
levels. 

Using various criteria, capacity can be calculated in several ways: 

7,500 lin. ft. * 7.5 lin. ft. per person = 1,000 people at one time 
7,500 lin. ft. + 2.5 lin. ft. per person = 3,000 " " " " 
30,000 sq. ft. + 35 sq. ft. per person = 857 " " " " 

Since 35 square feet per person is considered generous and 2.5 linear 
feet is crowded, we have selected the 7.5 linear feet per person with a 
capacity of 1,000 persons at one time as the theoretical capacity which 
will allow relatively uncrowded viewing. 

The combined theoretical capacity of the viewing areas along the Village 
rim equals 5,000 persons at one time. This allows both high density and 
relatively low density viewing experiences. 
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Facilities Capacity—Rased on space projections for the year 2000, the 
facilities capacities are variable since management techniques can 
affect how they are used. For instance, scheduled interpretive programs 
draw and hold crowds—the frequency and timing of programs affect 
visitor use patterns. Restaurants might offer bargin meals during 
off-peak periods, thus affecting visitor use patterns. The interpretive 
centers indicated in the Comprehensive Design are planned for in-depth 
interpretation—general orientation and information would be available 
at the reception center(s) and on-site interpretation would be provided 
along the rim and at other significant locations. The capacities 
determined below are maximum at any given moment based on square footage, 
seating capacity, or other factors (see appendix and ROMA studies). 

- Interpretive facilities—25,600 square 
feet + 25 s.f.p.p. (square feet per person) 1,030 

- Restaurants—1,714 seats + 20% waiting (fast-food 
services not included) 2,060 

- Curio shops—29,800 sq. ft. + 20 s.f.p.p. 1,500 
- Other facilities—shops, laundries, stores, etc. 

60,000 sq. ft. + 25 s.f.p.p. 2,400 
- Riding or waiting on transit system (this depends 

on the system in use—this figure is based on a 
system with approx. 3 times the capacity of the 
present Village system) 1,800 

Total Facilities Capacity 8,790 
Round to 8,800 

Total capacity at any given moment 
Rim Capacity (4,000 + 1,000) 5,000 
Facilities Capacity 8,800 

Subtotal 13,800 
Other—walking, in lobbies or lodging/ 
camping units—etc., figured @ 20% of subtotal 2,760 

Total Village Capacity 16,560 
Round to 16,600 

Turnover Factors 

ROMA studies indicate a daily turnover rate in the Village area of 2 to 
2.5 per day. It would be tempting to say the daily capacity is 2.5 times 
the single moment capacity. However, the turnover rate varies with the 
type of facility. Variable rates were used in determining, future space 
requirements—these rates (from ROMA) are used here—other rates are 
based on limited observation. 
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Viewing Areas on Rim—The viewing experience in the Village is one of 
strolling and stopping to view rather than the single point experience 
at Mather Point or the West Rim. We have data on how long visitors stay 
at single viewpoints but not on how long they spend on the Village rim. 
We have used a relatively low turnover factor to somewhat balance the 
less conservative single moment capacity factor. 

- Village rim area—turnover once 
an hour—4,000 persons x 10 hours = 40,000 people in 10 hours 

- Rim trail—turnover every 1% 
hours—1,000 persons x 6.7 hours = 6,700 

Subtotal rim capacity 46,700 people in 10 hours 

Facilities Capacity— 

- Interpretive facilities—turnover 
every 45 minutes-'-— 
1,030 persons x 13.3 hours = 13,699 people in 10 hours 

- Restaurants (excluding fast-food)— 
1,714 seats x 11 seatings (breakfast 3, 
lunch and dinner 4)2 = 18,854 people per day 

- Curio shops—turnover every 20 minutes— 
1,500 persons x 30 = 45,000 people in 10 hours 

- Other facilities—turnover every 1^ 
hours-^—2,400 persons x 6.7 = 15,984 people in 10 hours 

- Other (wandering—in rooms, etc.)— 
2,760 people x 4 turnovers^ = 11,040 people per day 

TOTAL 151,277 people in 10 hours 
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Present turnover rate appears to be approx. 20 minutes but new facilities 
are expected to hold people longer. 

2 
Turnover varies considerably with the type of restaurant—these figures also 
assume visitors staying at Tusayan may have dinner in the park but not 
breakfast. 

3 
Turnover varies depending on facility and also varies throughout the 
day—a conservative factor has been used. 

4 
Turnover rate adjusted for time of day—hourly turnover for 4 hours per 
day (one hour morning and evening—two hours at midday). 



The facilities are capable of handling approximately 151,000 people in a 
10-hour day. However, the same people are using some or all of these 
facilities throughout the day. We could divide by 5 (the number of 
facilities types), assuming each visitor would use each facility. We 
could pick the lowest capacity facility as the limiting factor. There 
are several ways to approach capacity and all are valid from some view
point. Since viewing the canyon is the objective of a majority of 
visitors, the capacity of the viewing areas will be used as the limiting 
factor in total capacity. We must assume that other facilities and 
services can be developed to meet visitor demands—at least up to a 
point where they then become the limiting factor in capacity. Inter
pretive facilities cannot be continually expanded but interpretive 
programs can be planned to meet demand. Restaurant facilities can 
expand within the constraints of the Comprehensive Design but future 
emphasis should be placed on more efficient fast-food services—the 
present "fountain" services are extremely slow and inefficient. 

We previously calculated the Village rim capacity as 46,700 people in a 
10-hour period. We have used a 10-hour period for peak visitation— 
roughly 9:00 a.m. to 7:00 p.m. when 70% of visitation will occur. The 
actual visitor use day extends from 6:30 a.m. to approximately 
30 minutes after sunset. Assuming 70% of visitor use occurs during the 
10-hour day and an additional 30% occurs during the other four hours, 
the daily capacity of the Village rim is approximately 66,700 people. 
Combined with the capacity of the West Rim, the total capacity for the 
area is approximately 82,000 to 87,000 people. 

Since the same people using the West Rim may also use facilities in the 
Village, the total capacity must be adjusted. We do not really know if 
all West Rim users also visit the rim in the Village or what other 
facilities they use. 

Inner Canyon users also affect capacity since all overnight and most 
day-users pass through the Village and may use facilities and the rim 
area. Generally, persons taking mule rides are overnight visitors 
although some may stay outside the park. Similarly, backpackers may 
spend one or more nights in the Village area. Since mule trips and 
overnight camping in the canyon are limited in number, their total is an 
insignificant part of the total capacity. Day hikers in the canyon are 
not limited in number at the present time but, again, they have little 
effect on the total capacity of the Village since they tend to use 
facilities during off peak periods of the day. 
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Theoretical Capacity—West Rim/Village 

The following calculations use various approaches to arrive at a theo
retical daily capacity. 

A. Village total capacity (single moment)— 
16,600 x 2.5 turnover factor 41,500 
West Rim capacity 15,000 
Overnight capeity (maximum) 6,000 

TOTAL PERSONS PER DAY 62,500 

B. Village rim capacity for 10-hour period 46,700 
West Rim capacity 15,000 
Overnight capacity 6,000 

TOTAL PERSONS PER DAY 67,700 

(A and B assume West Rim and overnight visitors use the Village area 
during non-peak hours.) 

C. Village rim capacity for 14-hour period 66,700 
minus West Rim capacity (100%) - 15,000 
minus Overnight capacity (100%) - 6,000 

TOTAL PERSONS PER DAY 45,700 

(C assumes all West Rim and overnight visitors will also visit the 
Village rim during a 14-hour day.) 

D. Village rim capacity for 14-hour period 66,700 
minus West Rim capacity (50%) - 7,500 
minus Overnight capacity - 6,000 

TOTAL PERSONS PER DAY 53,200 

(D assumes all overnight but only 50% of West Rim visitors will 
also visit the village rim during a 14hour day.) 

These calculations give us a theoretical capacity range between 45,700 
and 67,700 people per day in the Village/West Rim area. 

Since the problem of parking day-visitor cars has not been resolved, 
transit system routes cannot be designed and the maximum capacity of a 
transit system cannot be determined. It could very well turn out that 
the transit system will be the limiting factor. With private vehicles 
removed from the Village core, an efficient transportation system 
running at short intervals can be designed. In theory, there are a 
number of complexities which limit the capabilities of the transit 

31 



system. The West Rim Drive shuttle system operates independently of the 
Village loop Shuttle. A shuttle system from the parking area(s) could 
also operate independently. But both systems would feed into the 
Village loop system, dropping substantial loads on the system at specific 
points. If the Village experience is to be enjoyable, the transit 
system must not become a hassle. The waiting times in the Village are 
already too long as evidenced by visitor comments and team observation. 
A 2-3 minute headway—4 minutes maximum—would be desirable and probably 
essential if the West Rim shuttle goes on a 5-minute headway. Until the 
parking locations are determined and transit routes designed, we cannot 
determine the design criteria for the Village transit system. If we 
assume the main reception area is at Mather Point (regardless of where 
parking may be) and that all day visitors will board the Village loop 
shuttle at Mather Point, we can calculate capacities for the Village 
transit system: 

2 minute headway 
22 busses x 160 people per bus 
30 trips per hour x 160 
10-hour day 
14-hour day 
16-hour day 

3,520 people 
4,800 people/hour 

48,000 people 
67,200 people 
76,800 people 

3 minute headway 
15 busses x 160 people per bus 
20 trips per hour x 160 people 
10-hour day 
14-hour day 
16-hour day 

2,400 people 
3,200 people/hour 

32,000 people 
44,800 people 
51,200 people 

4 minute headway 
11 busses x 160 people per bus 
15 trips per hour x 160 people 
10-hour day 
14-hour day 
16-hour day 

1,760 people 
2,400 people/hour 
24,000 people 
33,600 people 
38,400 people 

The above calculations assume a 45-minute round trip using three-section 
mini busses which would be feasible only after private vehicles are 
eliminated from the Village. The figures indicate the number of people 
who could make ONE ROUND TRIP per day. Obviously, some visitors will 
use the shuttle system more than others, but we do not know the frequency 
of use or the length of ride for an average visitor. 

If 40 percent of the visitors make more than one trip, the capacity of 
the transit system is reduced to 60% of total capacity. At a two-minute 
headway the transit system capacity for a 10-hour day would be only 
28,800 people. 
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As the Comprehensive Design is implemented, a larger percentage of 
visitors will become dependent upon the transportation system. Without 
further data we cannot fully evaluate the capacity of the transit 
system. However, the above analysis is included to indicate that the 
transit system, rather than other factors, would become the limiting 
constraint on day visitation. If the system can carry 28-30,000 people 
per day and we assume an additional 4-5,000 people (primarily overnight 
visitors staying in the Village) would not ride the main Village system, 
we arrive at a daily capacity of 32-35,000 visitors. If we assume only 
20 percent make more than one trip on the transit system, we can add 
approximately 10,000 additional people in a 10-hour day.for a capacity 
of 42-45,000 visitors. 
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SUMMARY—WEST RIM/VILLAGE CAPACITY 

The numerous variables and lack of data make it difficult to determine a 
firm capacity for the West Rim/Village area of Grand Canyon National 
Park. Different philosophies enter into the determination of capacity— 
should all visitors go to an interpretive center (a relatively low 
capacity), or should the maximum number of visitors visit the rim for a 
look at the canyon (a relatively high capacity)? How much crowding will 
the visitor tolerate before it affects the experience of viewing the 
canyon? Using a variety of constraints we calculated a theoretical 
capacity range from 32,000 to almost 68,000 visitors per day. We recom
mend that, for further testing purposes, the theoretical capacity of the 
West Rim/Village area be assumed as 35,000 to 45,000 people per day, of 
which approximately 30,000 to 40,000 would be day visitors. This figure 
represents the approximate daily capacity of the Village rim over a 10-
to 14-hour period. At this level of use all visitors would have ample 
time to view the canyon and those who desire would be able to find areas 
away from the crowd. The following table illustrates the percentage of 
visitors who would theoretically be able to use the major facilities 
during a 10-hour day based on a visitation level of 45,000. 
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Percentage of Visitors who 
Could Use Facility (Based 

Facility on Facility Capacity) 

Interpretive centers 31% 
Interpretive programs/Waysides/ up to 100% 
Restaurants (excluding fast-food) 42% 
Curio shops 100% 
Transit system (Village loop) 62-88% 
West Rim Drive 33-44% 
Village Rim 100% 
Reception centers GOAL—90-100% 

It must be emphasized that the maximum daily capacity of 45,000 is 
theoretical and must be further evaluated as visitation levels increase, 
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CAPACITY ANALYSIS—EAST RIM DRIVE 

The East Rim, that area of the Grand Canyon's South Rim from Desert View 
west to Scenic View overlook, is essentially a narrow corridor which 
provides access into or away from the South Rim Village. However, as 
the Village reaches capacity, many visitors will be routed to the East 
Rim; the ramifications of which suggest that the relatively low volume 
of use found today on the East Rim could readily double. Awareness of 
potential opportunities and problems associated with this shift in use 
patterns led the Western Regional Office to seek answers to many questions 
concerning the capacity of Grand Canyon's South Rim. 

This section of the study has as its primary purpose the identification 
of capacity for the East Rim area. Although the East Rim is similar in 
many respects to the remainder of the South Rim, there are several 
somewhat unique elements which could be considered as special resources. 
There exist numerous examples of natural and manmade features, all of 
which complement the dominant existing use, which is canyon viewing. 
Few interesting subfeatures (cultural resources, wildlife, vegetation 
variations, etc.) have been capitalized upon in interpretive presen
tations designed to increase the visitors' enjoyment and knowledge of 
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the park. The subtle, yet recognizable changes in vegetation, numerous 
species of bird and animal life, the traceable remains of a vanished 
civilization, and the varied and unusual perspectives of the Grand 
Canyon could all be available to the East Rim visitor. 

During analysis of the East Rim the following conclusions were reached 
which measurably affected this report: The East Rim area has numerous 
and varied opportunities for visitor use; portions of the East Rim are 
areas of growing inconvenience, confusion, and often unsafe circulation; 
the primary constraint to accommodating increased use is not the avail
ability of viewing space but the delivery capacity of the road system; 
although the existing development is adequate for the near future, 
expansion will be necessary if the long-range visitor use potentials are 
to be satisfied. 

The findings of this study are prefaced by the following assumptions: 

1. That the private automobile will continue to be the primary 
method of access to and circulation along the East Rim. 

2. That the capacity of the East Rim Drive as it is presently 
designed is 625 vehicles per hour.in each direction. 
(Arizona Department of Transportation) 

3. That parking for canyon viewing will be based on available, 
effective viewing space with an average of 25 sq. ft./person. 
(This figure is to be used for preliminary planning purposes 
and is based on study results from the ROMA Comprehensive 
Design for the South Rim Village.) 

The following items are more directions than assumptions in that they 
are derived from the park's Master Plan: 

1. Easily accessible viewing opportunities be emphasized, so that 
no one will be denied the opportunity to see the canyon 
because of time or physical restrictions. 

2. Lodging and food services will not be provided along the East 
Rim Drive between the Village and Desert View; however, should 
additional camping be desirable, it will complement, not 
duplicate, existing types. 

The method used in studying the East Rim was to inventory the existing 
natural and physical characteristics, followed by an analysis of existing 
and potential canyon viewing opportunities, and finally an analysis of 
the existing road network (including old road scars) and visitor patterns. 
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A synthesis of this information formed the conceptual framework for the 
alternatives presented within this report; however, these alternatives 
must be qualified simply as diagrams, not plans. They are intended to 
serve as a general guide to more detailed future projects by illustrating 
a range of possible responses to increased use of the East Rim. 

The alternatives are presented to illustrate both the opportunities for 
restructuring visitor use, and the need for further detailed planning 
which could contribute to an improved visitor experience and a better 
functioning physical plant. Specifically, the alternatives provide 
methods which would correct the condition of periodic and highly localized 
overcrowding and provide easy interchange onto the East Rim, and suggest 
how the underused special resources could contribute to an East Rim 
visit. 

Perspective—It is significant that the decision has been made to 
construct a central parking area/reception center with a goal of removing 
private vehicles to obtain a more cohesive and identifiable Village. As 
a correlation to this project, it is significant that 40 percent of 
visitors questioned during the week of August 1 indicated that they 
would be willing to utilize rail transportation to the park from distant 
locations. This new, but not unique, attitude toward use of the auto
mobile, while not yet in the majority, has substantially increased in 
the past 5 years and all indications are that within this century the 
National Park Service will have to come to grips with radically altered 
use patterns and methods of travel. This change will have potentially 
drastic effects on the relative usability of much of the automobile-
inspired development found on the East Rim. Unfortunately, the rami
fications of change are not predictable and therefore this report 
recommends caution in any expansion of traditional development. 

Even though the statistical projections for park visitation to an ever-
increasing flow of automobiles to and through the South Rim, it is the 
position of this report that the volume of private vehicles may peak and 
begin a slow, gradual decline, with an increasing number of visitors 
arriving by other forms of transportation. 

Existing Use 

During the week of August 1, visitors to the South Rim were surveyed and 
traffic counts were taken by the Arizona Department of Transportation at 
both the east and west entrances to the East Rim Drive as well as eight 
of the major developed areas on the East Rim. Analysis of this informa
tion revealed that, for the most part, the sizes of the existing developed 
areas are adequate to handle the current average volume of visitation, 
that occasional overcrowding occurs at Grand View and Tusayan Ruin, 
and that consistent overcrowding occurs at Desert View. 
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The figures are illustrated in the chart on the following page and 
are summarized below by developed areas. 

Desert View showed an average hourly volume of 259 vehicles 
and a turnover of 2. The existing parking capacity of 120 spaces 
which equal an hourly capacity of 240 (120 spaces x 2 turnover) 
are insufficient by at least 10 spaces. However, at peak times 
during the day cars park on road shoulders and overflow spaces 
indicating a critical shortage of parking at certain times. 

Lipan Point showed an average hourly volume of 92 vehicles and 
a turnover of 4.3. The existing parking capacity of 25 is 
insufficient. 

Moran Point showed an average hourly volume of 91 vehicles and a 
turnover of 3.5. The existing parking capacity of 25 is insufficient 
by one space. 

Navajo Point showed an average hourly volume of 122 vehicles and 
a turnover of 3.5. The existing parking capacity of 35 is sufficient. 

Duck on Rock showed an average hourly volume of 41 vehicles and 
a turnover of 4.6. The existing parking capacity of 35 is very 
sufficient. 

Tusayan Ruin showed an average hourly volume of 54 vehicles and 
a turnover of 2.5. The existing parking capacity of 20 is 
insufficient by two spaces. When talks are scheduled, the 
demand for parking frequently exceeds the space available. 

Emanon Point showed an average hourly volume of 33 vehicles and 
a turnover of 4.3. The existing parking capacity of 19 is 
sufficient. 

Yaki Point showed an average hourly volume of 69 vehicles and 
a turnover of 3.3. The existing parking capacity of 45 is 
very sufficient. 

Kaibab Trail showed an average hourly volume of 35 and a 
turnover of 2.7. The existing parking capacity of 35 is very 
sufficient for day-visitors but may not be adequate when spaces 
are filled by hikers parking for extended time periods. 

Grandview Point showed an average hourly volume of 151 vehicles 
and a turnover of 3.2. The existing parking capacity of 20 is 
insufficient by 27 spaces. This shortage is more critical in 
the spring when inner-canyon hikers' cars may fill as many as 
18 spaces for several days. 
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The above figures do not reflect the affect of tour busses at the 
developed areas. While some areas have space for bus parking, 
others do not. Thus a tour bus may occupy several individual parking 
spaces. Tour busses would increase the use figures at the developed 
areas but data on the number of visitors arriving by tour bus was 
not available for individual developed areas, barge recreational 
vehicles create a similar problem in that they may occupy several 
parking spaces, reducing the parking capacity for short-time periods. 

Existing Use 

Desert View 
Navajo Point 
Lipan Point 
Emanon Point 
Tusayan Ruin 
Moran Point 
Grandview Point 
Duck on Rock 
Yaki Point 
Kaibab Trail 

•'•Average 
Hourly 
Volume 
(cars) 

259 
122 
92 
33 
54 
91 
151 
41 
69 
35 

2Peak 
Volume 

395 
218 
158 
63 
97 
155 
233 
80 
117 
72 

Existing 
Parking 

120 
35 
25 
20 
20 
25 
20 
35 
45 
35 

4 
Turnover 

2 
3.5 
4.3 
4.3 
2.5 
3.5 
3.2 
4.6 
3.3 
2.7 

Parking 
Average 

130 
35 
22 
8 
22 
26 
47 
10 
21 
13 

Required 
0 Peak 

200 
53 
37 
15 
39 
45 
73 
17 
35 
23 

Column 1 shows the average hourly volume of traffic over the entire week 
and column 2 shows the peak volume (the highest number recorded during 
the week). Column 3 shows the existing parking spaces at each of the 
sampled developed areas. Column 4 shows the turnover, as calculated from 
information provided in the visitor survey. Since the turnover figures 
were provided by the visitors themselves, they tend to be slightly lower 
than in actuality—due primarily to a tendency to overestimate time 
spent at a particular place. However, since this is the best information 
which exists, it was used in determining hourly capacity throughout the 
study. Columns 5 and 6 show the number of parking spaces that would be 
needed to serve the current average and peak volumes of traffic. 

Popularity of 

Desert View 
Grandview 
Tusayan Ruin 
Moran 
Yaki 
Picnic Areas 

Developed 

72.8 
57.1 
48.7 
42.1 
41.5 
39.6 

Areas By % of Use 

Lipan 38.9 
Navajo 34.4 
Kaibab Trail 33.5 
Duck on Rock 27.4 
Emanon 21.5 
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Existing Capacity 

Using information gathered in the field as well as information provided 
by the Arizona Department of Transportation (ADOT), the existing 
capacity of the East Rim, Based on available parking, was determined 
to be 5,000-5,200 visitors per hour or 50,000-52,000 visitors daily. 
This figure must be viewed as an absolute maximum, achievable only 
under an ideal condition of optimum use of existing parking and is based 
on current turnover rates. In comparison to the current volume of use 
it can be seen that existing use is between 1/4 to 1/3 of the physical 
capacity. Calculations of the existing physical capacity based on an 
average of 3.2 visitors per car, can be seen in the following chart. 

Existing Physical Capacity 

Desert View 
Navajo Point 
Lipan Point 
Emanon Point 
Tusayan 
Moran Point 
Sinking Ship 
Grandview Point 
Duck on Rock 
Yaki Point 
Kaibab Trail 
Scenic View 
Pullout E 
Pullout 
Double Pullout 

Totals 

Parking 
Spaces 

120 
35 
25 
20 
20 
25 
10 
20 
35 
45 
35 
30 
15 
20 
30 

485 

Instant 
Visitor 
Capacity 

384 
112 
80 
64 
64 
80 
32 
64 
112 
144 
112 
96 
48 
64 
96 

1,552 

Turnover 

2 
3.5 
4.3 
4.3 
2.5 
3.5 
4* 
3.2 
4.6 
3.3 
2.7 
4* 
4* 
4* 
4* 

Hourly 
Parking 
Capacity 

240 
123 
108 
86 
50 
88 
40 
63 
161 
149 
95 
120 
60 
120 
120 

1,623 

Hourly 
Visitor 
Capacity 

768 
392 
346 
275 
160 
280 
128 
202 
515 
475 
304 
384 
192 
384 
384 

5,189 

^Estimate — use of pullouts was not counted by A.D.O.T. 
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Expansion Potential of Existing Areas 

The following table illustrates the expansion potential of existing developed areas based on 
a preliminary analysis of site capability for additional viewspace and/or parking space. 
The potential capacity is based on the limiting factor-viewspace or parking. 

• 

DESERT VIEW 
NAVAJO POINT 
LIPAN POINT 
EMANON P0INT2 
TUSAYAN RUIN 
MORAN POINT 
SINKING SHIP 
GRANDVIEW POINT 
DUCK ON ROCK 
YAKI POINT 
KAIBAB TRAIL 
SCENIC VIEW 
PULLOUT E 
PULLOUT ? 
DOUBLE PULLOUT 
*LIMITING FACTO 

VIEWSPACE 
INSTANT VISITOR 
CAPACITY OF 
VIEWSPACE 

1201 

170* 
375 
40* 
140* 
475 

1 32 

140* 
60* 
440* 
40* 
96 
NA 
NA 
NA 

R **ESTIMATE 

PARKING 
REQ'D 

38 
54 
117 
13 
44 
148 
10 
44 
19 
138 
13 
30 
NA 
NA 
NA 

PARKING 
POTENTIAL 
PARKING 
SPACE 

160* 
90 
75* 
35 
60 
110* 
10* 
45 
55 
145 
50 
30* 
15* 
20* 
30* 

INSTANT 
VISITOR 
CAPACITY 

512 
288 
240 
112 
192 
352 
32 
144 
176 
464 
160 
96 
48 
64 
96 

TOTALS 

POTENTIAL 

INSTANT 
VISITOR 
CAPACITY 

512 
170 
240 
64 
140 
352 
32 
144 
60 
440 
40 
96 
48 
64 
96 

2498 

LIMI 

PARKING 

160 
54 
75 
20 e 
44 
110 
10 
45 
35 
138 
13 
30 
15 
20 
30 
799 

CAPACITY BASED ON 
TING FACTOR 

TURN
OVER 

2 
3.5 
4.3 

xis4.3 
2.5 
3.5 
4 
3.2 
4.2 
3.3 
2.7 
4** 
4** 
4** 
4** 

HOURLY VISITOR3 

CAPACITY 

1024 
605 
1032 
275 
352 
1232 ; 
128 ! 
461 
470 
1457 
112 
384 
192 J 
256 ! 
384 | 
8364 

1-THE POTENTIALS FOR DESERT VIEW NEED TO BE EXPLORED THROUGH COMPREHENSIVE DESIGN 
2-EXISTING PARKING EXCEEDS VIEWSPACE CAPACITY-PARKING COULD BE REDUCED 
3-AN ADDITIONAL 18 SPACES NEEDED FOR LONG-TERM (HIKER) PARKING 
4-PARKING PRIMARILY FOR INNER CANYON HIKERS 
5-HOURLY CAPACITY=PARKING x 3.2 per car x TURNOVER 



The one area in which the available viewspace might not directly relate 
to the supply of parking is Desert View. No reliable information is 
available which would help define the relationship between the 
concession services, the rim area, and the parking area. However, it 
can be assumed that the following figures have marginal useability. 
The actual use figures may be as much as four times greater than those 
shown. 

People on Rim 500 
People in Store 25 
People in Watchtower 25 
People on Walks 50 

TOTAL 600 

Thus, the Desert View area has a physical capacity of approximately 
600 people at one time. This in turn suggests a parking area size of 
190 automobiles or an expansion of 70, not 40 as shown in the preceding 
chart. 

Expansion of the existing viewpoints to their maximum capacity (avail
able viewing area related to parking spaces) shows that: 

. At Desert View the current volume of traffic is the maximum 
that the area could handle, unless the area is rearranged in 
a manner which separates the viewing public from those desiring 
concession services. 

. A similar situation exists at Grandview Point, except that that 
area appears to be critically overused at present as evidenced 
by soil compaction and lack of vegetation in areas adjacent 
to the developed viewpoint and the expansion potential is 
extremely limited, to the point where options must be formulated 
to handle the current and potential use at the Grandview area. 
The parking area at Grandview Point is also used by inner-canyon 
hikers and, especially in the spring, as many as 18 of the 20 
existing spaces may be used for long term parking. 

All other areas covered by the survey could, with maximum expansion, 
adequately serve current peak volumes of use. 

By expanding the existing viewpoints to their maximum potential, the 
daily capacity of the East Rim could be raised from 50-52,000 to 
98-99,000. 
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Potential for Additional Developed Areas 

During the field study, 19 areas were found to have potential for being 
developed as featured canyon viewpoints or for interpretation of unique 
resources. These areas were identified by multi-disciplinary teams of 
trained observers, marking and describing points of significant value 
as they hiked the undeveloped portions of the East Rim. The following 
characteristics were used as criteria in identifying viewpoints for 
potential development. 

Characteristics of Viewing Areas—A Definition of Terms 

Linear Area—The canyon rim is linear with no point areas. 

Point Area—The canyon rim forms a promontory, projecting into the 
canyon. 

Wide Angle View—The angle of inner canyon viewing from the observer 
position. 

River View—The quality of the river view: "excellent" indicating that 
river rapids can be seen, "fair" indicating that one or more river seg
ments can be seen, and "poor" that the river cannot be seen at all. 

Strong Sense of Vertical Drop—A feeling of suspension over the canyon. 
"Excellent" is a sheer drop, "fair" is a cliff with bench, and "poor/none" 
is a rolling bench which does not give a strong sense of depth. 

Canyon with Plateau View—The overlook site has a view of both the Grand 
Canyon and the Coconino Plateau to the south. 

View of Prominent Forms 
The conspicuousness of prominent formations, such as those appearing 
above the horizon or in the foreground. 

Inner Gorge—Indicates the visibility of the inner gorge, which is 
characterized by granite walls (primarily Vishnu Schist) and forms a 
narrow V-shaped channel for the river located principally west of Fiance 
Rapids. 

Vegetative Diversity—Vegetative diversity indicates that the vegetation 
at the overlook site is other than the predominant Pinyon/Juniper Asso
ciation, i.e., ponderosa pine, oak, spruce, fir, etc. Note: Does not 
necessarily apply to vegetation below the rim. 
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Unusual Perspective—The overall character or feeling of the viewing area 
is not typical. There must be a distinguishing factor such as a forested 
setting, an unusual orientation, or a unique view of a formation. 

Below the Rim Trail 
From the viewing area, a below the rim trail appears feasible. 

Road Access—Accessibility to a viewing area is determined by topography, 
vegetative cover, distance from the East Rim Drive, and safety. The 
ratings indicate accessibility based on these factors. 

Road Noise 
Traffic-generated disturbances which can be heard from the viewing area. 

Air Noise 
Airplane or helicopter noise heard from the viewing area. 

Geologic Formations—Indicates the geologic variation which can be seen, 
both in quality and number of layers or formations. Applies only to 
potential sites. See Appendix. 

The potential developed areas and the existing developed areas are 
comparatively analyzed on the following chart. Potential developed 
areas and special features are indicated on the following maps. 
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The following table depicts the estimated square footage of viewing space 
available at each of the potential overlooks. From the square footage, 
an instant capacity and related parking requirements are calculated. 

Potential Viewpoint Capacities 

Potential Overlooks 

Shoshone Point 
Ho1e-in-Gr ound 
Yoyo Point 
Twocoves 
Compass Point 
Grandview West 
Grandview Hotel 
Hance Point 
Ponderosa Point 
Panorama Point 
Zuni Point 
(combined) 
Yucca Point 
Papago Creek 
Nevills Rapid 
Papago Point 
Lost Benchmark 
Pinal Point 
Tusayan Overlook 

Viewspace 
(square feet) 

4,800 
6,600 
1,800 
1,400 
4,000 
8,000 
NA* 
NA 
NA 

21,800 

19,500 

NA 
NA 

21,280 
NA 

7,500 
NA 

Number of People 
(Instant Capacity) 

200 
270 
70 
55 
160 
320 
-
-
-
870 

780 

-
-
850 
-
300 
40 

Parking 
Size 
(Cars) 

65 
85 
25 
15 
50 
100 

270 

245 

265 

95 
15 

*NA Data not obtained. Additional field studies required. 

Based on the available viewing space (25 sq. ft./person) and potential 
parking space of both the existing and potential viewpoints for which 
data is available, the following figures for parking are possible. 
Using current actual and estimated (*) turnover rates, the hourly parking 
capacity of the East Rim could be 5,815 vehicles. This figure far 
exceeds the maximum hourly two-way capacity of the East Rim Drive, which 
is estimated to be 1,250 vehicles per hour. Therefore, the rim capacity 
will never be achieved unless the road capacity is substantially increased, 
In fact, maximum expansion of the existing overlooks would provide an 
hourly supply which exceeds the existing hourly demand. 
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EXISTING 

Desert View 
Navajo Point 
Lipan Point 
Emanon Point 
Tusayan Ruin 
Moran Point 
Sinking Ship 
Grandview 
Duck on Rock 
Yaki Point 
Kaibab Trail 
Scenic View 
Pullout E 
Pullout 
Double Pullout 

EXISTING AREAS 

Maximum Number 
of Parking Spaces 

160 
54 
75 
20 
44 
110 
10 
45 
35 
138 
13 
30 
15 
20 
20 

SUBTOTAL 799 

Turnover 

2 
3.5 
4.3 
4.3 
2.5 
3.5 
4* 
3.2 
4.6 
3.3 
2.7 
4* 
4* 
4* 
4* 

Hourly 
Parking Capacity 

320 
189 
320 
86 
110 
385 
40 
144 
161 
455 
35 
120 
60 
80 
80 

2,625 

POTENTIAL 

Shoshone Point 
Hole in Ground 
Yoyo Point 
Twocoves 
Compass Point 
Grandview West 
Panorama Point 
Zuni/Yucca 
Papago Point 
Pinal Point 
Tusayan Overlook 

POTENTIAL AREA 

Maximum Number 
of Parking Spaces 

65 
85 
25 
15 
50 
100 
270 
245 
265 
95 
15 

SUBTOTAL 1,230 

TOTALS 2,029 

Turnover 

3-
3* 
3* 
3* 
3* 
3* 
3* 
3* 
3* 
3* 
3* 

Hourly 
Parking Capacity 

195 
255 
75 
45 
150 
300 
810 
735 
795 
285 
45 

3,190 

5,815 

It should be emphasized that there are numerous alternatives for the 
development of additional viewing opportunities along the East Rim. 
The above table assumes that parking would be provided close to the 
viewpoint. If parking is remote from the viewpoint, requiring visitors 
to walk some distance, the turnover rate at the parking area would be 
reduced. This could either require additional parking or reduce the 
number of visitors using a particular area. 
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The study does not propose that all of these areas be developed to the 
maximum capacity; it does show that the potential capacity is sub
stantial and numerous opportunities are available to provide visitors 
with a quality experience. 

If new areas are to be developed either to expand capacity or provide 
additional interpretive opportunities, the following list indicates 
the priority ranking by the planning team. The relative significance 
of each was based on a scoring system which attached different signi
ficance factors to each of the features found at the particular area. 
The list is not intended to indicate a preferred order of development— 
that should be based on a comprehensive plan for the entire East Rim. 
However, the list serves as a guide for priorities in further studies 
of development potential. 

Zuni Point 
Pinal Point 
Lost Benchmark 
Ponderosa Point 
Shoshone Point 
Papago Point 
Tusayan Overlook 
Twocoves 
Yucca Point 
Panorama Point 
Yoyo Point 
Grandview West 
Nevills Rapids 
Grandview Hotel 
Compass Point 
Hole in Ground 
Papago Creek 
Hance Point 
Gorge Overlook 

East Rim Drive Capacity 

The capacity of the East Rim Drive as calculated by the Arizona Department 
of Transportation is 1,250 vehicles per hour (625 in each direction). 
This is a maximum for the entire East Rim Drive although some regments 
have a higher capacity due to alignment, shoulder widths, sight lines 
and other factors. The daily visitor capacity (at 3.2 persons per car) 
would be approximately 40,000 per 10-hour day, 56,000 per 14 hour day. 

Using a mathematical model with a majority of the visitors entering the 
East Rim Drive between 10 a.m. and 4 p.m. and staying for an average 
of 3 hours, it would be possible to have 4,196 vehicles on the East Rim 
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at one time. Assuming maximum utilization of the road between 10 a.m. 
and 4 p.m. with lower levels of entry at other hours, it would be 
possible to obtain visitation levels of 49-50,000 visitors daily. 

We know that a number of visitors, especially those entering from the 
west, drive part way out on the East Rim Drive and then return to the 
Village or leave through the South Entrance. Traffic counts taken in 
1977 contained some inconsistencies which precluded determining the 
percentage of visitors turning around. 

Until accurate statistics can be obtained, we have assummed a conservative 
figure of 20 percent reduction in the total road capacity due to this 
duplicate use by the same vehicles. This gives us a theoretical capacity 
range between 32,000 and 40,000 visitors daily. 
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VISITOR USE ALTERNATIVES — EAST RIM DRIVE 

Alterations of existing use patterns by predetermined actions based 
on visitor use objectives will determine the actual capacity of use 
on the East Rim. 

The following alternatives represent two extreme visitor use concepts. 
They are meant to illustrate the two ends of a range of possibilities, 
and are intended to be used as a guide for more in depth visitor use 
studies. 

Alternative - I 

Under this alternative the goal would be to accommodate as many people 
as possible by maximizing the capacity of the East Rim Drive. This 
would be achieved by providing more opportunities at the west end 
of the East Rim, thereby discouraging long loop drives on East Rim 
Drive which decreases capacity. One way this might be accommplished 
would be to develop a loop drive connecting Yaki and Shoshone Points 
with expanded interpretive and picnicking opportunities in the area to 
satisfy basic visitor needs. Additionally, improvements such as 
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improving sight distances at intersections and correcting dangerous 
curves would be made to further increase capacity. These actions could 
increase the capacity of the East Rim Drive for a theoretical total 
of 40-50,000 people per day. 

The additional demand, on the rim, east of the Yaki/Shoshone Area, 
generated by these actions could be met by any one or a combination 
of the following actions: 

1. Expanding existing overlooks. 
2. Directing people to underutilize overlooks. 
3. Developing new overlooks. 

The specific development possibilities would have to be studied in more 
detail with more information available about the resource (especially 
archeology), and visitor use patterns as they evolve. 

In addition to the major developed overlooks, additional hiking oppor
tunities would be provided, offering varying degress of isolation 
in a variety of environmental conditions. Small roadside parking areas 
could be developed at selected spots along the road, with constructed 
trails or marked routes leading to the canyon rim. 

A hazardous condition due to short sight lines and relatively high speed 
traffic presently exists at a number of existing road pulloffs, which 
will intensify as traffic increases. This situation could be rectified 
by constructing short bypasses around the pulloffs with safe entry and 
exit. 

Tusayan Ruin is a major feature along the East Rim Drive. When this 
popular attraction becomes overcrowded, either alternative ways of 
handling people at Tusayan will be explored or additional sites could 
be interpreted. The Desert View parking area is currently used to 
capacity and frequently over capacity. Relocation of concession 
facilities with separate parking away from the rim would make more 
parking available for canyon viewing without the immediate necessity 
of major parking expansion. 

It is most difficult to project a visitation level which will have 
any real meaning or consequence. Therefore, the visitor capacities 
for Alternative I are based on the theoretical capacity of the East 
Rim Drive. The design load critical number is 3,750 vehicles, derived 
by totaling the maximum possible entries at the east and west entrances 
to the drive (based on the road capacity of 625 vehicles each direction) 
for a 3-hour period (which is the average length of stay). A mathematical 
model based on a majority of the visitors arriving between 10 a.m. and 
4 p.m. and staying for 3 hours gives a maximum of 4,196 vehicles on the 
East Rim at one time. 
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Using the above assumptions, facilities should be designed to provide 
for 3,750 parking spaces per hour plus 10 percent (to allow for variations 
in the average length of stay) or approximately 4,000 parking spaces per 
hour. This level of development will provide parking for virtually all 
vehicles which could be on the East Rim at a peak time. It will not 
automatically assure that a space will be available at a particular 
point when the visitor arrives — some areas could remain underutilized 
while others would have insufficient parking to meet the demand. 

The following table illustrates a combination of existing areas which 
could be expanded and new areas which could be developed to provide 
parking for approximately 4,000 cars. Minor pullouts and the picnic 
areas have not been included in the table. 

*Less than potential capacity 
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Potential 
Existing Parking Hourly Hourly 
Parking Based on Parking Parking 

Area Cap. 

Desert View 120 160 320 1,024 Comprehensive Design Needed to 
Determine Potential Capacity Prior 
to Implementation 

Navajo Point 35 54 189 605 Expand to Maximum Potential 
Lipan Point 25 75 323 1,032 Expand to Maximum Potential 
Emanon Point 20 20 86 275 No Change 
Tusayan Ruin 20 44 110 352 Study Alternatives to Handle 

Additional Visitors 
Moran Point 25 110 385 1,232 Expand to Maximum Potential 
Sinking Ship 10 10 40 128 No Change 
Grandview Point 20 45 144 461 Additional 18 Spaces Needed Nearby 

for Long-Term (Hikers) Parking 
Duck On Rock 35 35 147 470 No Change 
Yaki Point 45 138 455 1,457 Comprehensive Design Needed to 

Determine Potential Capacity of 
Yaki/Shoshone Area 

Kaibab Trail 35 13* 35 112 *Parking for Short Term Visitors -
Expand to 50 Spaces for Trailhead 
Parking 

Scenic View 30 30 120 384 No Change 
Pullout E 15 15 60 192 No Change 
Pullout 20 20 80 256 No Change 

Double Pullout 30 30 120 384 No Change 
SUBTOTAL 485 799 2,614 8,364 
Shoshone Point 0 65 195 624 Any combination of new viewpoints 
Hole In Ground 0 85 255 816 could be developed—implementation 
Twocoves 0 15 45 144 should be based on a comprehensive 
Grandview West 0 100 300 960 design for the East Rim 
Yucca/Zuni 0 102* 306 979 
Pina Point 0 95 2335 912 
TOTAL 485 1,259 4,000 12,793 



The preceding list is not to be interpreted as a proposal for development. 
There are other viewpoints which could be developed to provide the same 
capacity. Any future development should be based on a comprehensive 
plan for the entire East Rim. 

The following drawing illustrates the basic concepts for maximum capacity 
under Alternative I as well as the existing and potential developed areas. 

Daily Capacity — The concepts of Alternative I are designed to handle 
the maximum possible visitation with relatively rapid turnover at the 
developed areas. Based on road capacity approximately 40,000 visitors 
could visit the East Rim in a 10-hour period. Adjusting for a 14-hour 
day with 70 percent of the visitation occurring during a 6-hour period 
the mathematical model indicates approximately 49,000 visitors over a 
14-hour period. If 20 percent of these visitors turn around the capacity 
would be lowered to approximately 39,200 visitors daily. By providing 
an emphasis on development at the west end of the drive, it would be 
possible to increase capacity by reducing the number of visitors who 
drive to Desert View or intermediate points and turn around. Thus we 
have assummed a theoretical capacity of 40,000 visitors daily with the 
possibility of handling an additional 10,000 visitors in the western 
portion of the East Rim. 
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ALTERNATIVE II 

This alternative stresses information and interpretive services, 
providing visitors with an opportunity to plan their visit based on 
personal objectives, interests, and time constraints through advance 
information about options and choices available. The goal is to 
maximize the experience with capacity being a secondary consideration. 
Some people may want just a quick view and general information about the 
canyon from a good vantage point—and go on their way. Others will have 
time and interest to stop at a number of places that reveal different 
facets of the canyon or provide different visual perspectives. Certain 
people will have specialized interests, i.e., geology, history, Indians, 
etc. 

In offering choices to people, maximum advantage will be taken of the 
rich and diverse natural and cultural resources found along the East 
Rim, some of which many people are currently unaware of. 

An analysis of existing visitor use information shows that people spend 
an average of three hours on the East Rim Drive and stop at a number of 
overlooks. A number of self-guided tours, including stops at points of 
interest that collectively comprise major facets of the Grand Canyon 
story, would be designed for the majority of visitors with three hours 
to spend. 

65 



Other choices will include options for people with more limited time and 
in-depth tours involving specific themes for people with specialized 
interests and more time available. 

The following concept represents one among a number of possible ways 
this alternative might be implemented. 

1. The best vantage points for viewing highlights of the resource 
would be selected and made available to the majority of visitors 
with 3 to 4 hours to spend touring the East Rim. 

a. Hole-In-Ground for geological interest. 
b. Grandview/Buggeln Hill area for natural features on the 

plateau and for encounters with early history of tourism, 
mining and ranching activities. 

c. Zuni/Tuzayan area for in depth interpretation of the whole canyon 
building story and prehistoric adaptation. 

2. People in a hurry would be accommodated at initial entry points. 

3. People with specialized interests would be directed to places that 
best provide in depth illustrations of particular themes or subjects 
i.e. geology, history, prehistory, palentology, natural history, etc. 

In addition to preplanned self-guiding interpretive tours emphasis will 
be placed on providing opportunities to experience the canyon and related 
plateaus environment away from concentrations of people with trails and 
marked routes of varying lengths to rim areas for varying degress of 
isolation. 

The following drawings and tables illustrate the concepts of Alternative II. 
They are not a proposed "plan" for the East Rim since a comprehensive plan 
must be based on more detailed information on the natural and cultural 
resources, the specific site characteristics, and an overall interpretive 
plan. 
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Functional Area Analysis 

Potential 
Hourly 

Interpretive Theme & Parking Vehicle 
AREA CHARACTERISTICS Activity Potentials Availability Turnover Capacity 

2 Pulloffs Vertical/Inner gorge/ 60 3 180 
Scenic View Perspective Quick canyon view and 

identification 

Yaki Vertical/Inner gorge/Forms/ Dusk viewing—Overall geologic 260 3 780 
Shoshone Trail/River segments/Plateau/ • interpretation—Kaibab Trail 
Kaibab Trail Vegetation/Perspective/ info/orient/interp. 

Geologic formations 

Hance Point Vertical/Gorge/Plateau/Forms/ NA NA NA 
Vegetation 

Grandview Point River segments/Vertical/ Traditional canyon viewing— 65 32 210 
Berry Trail Inner gorge/Prominent forms/ trail (above & below)—natural 
Grandview Hotel Vegetation/Trail cultural interpretation 
Point early tourist & mining 

Compass Point River segments/Vertical/ Same as above 165 3 495 
Twocoves Inner gorge/Forms/Vegetation/ 
Grandview West Perspective/Geologic formations 

Ponderosa Point River segments/Vertical/ Same as above 10 4 40 
Sinking Ship Inner gorge/Plateau/ 
Buggeln Hill Area Prominent forms/Vegetation/ 

Perspective/Trail/Forms 

Moran Point River segments/Vertical/ Same as above 145 3.9 565 
Emanon Point Inner gorge/Forms/ 

Perspective 



Potential 
Hourly 

Interpretive Theme & Parking Vehicle 
AREA CHARACTERISTICS Activity Potentials Availability Turnover Capacity 

Panorama Point River segments/Forms/ River interpretation geology— 515 3 1,545 
Zuni Point Inner gorge/Plateau/Rapids/ whole story of canyon 
Yucca Point Vertical/Perspective/ formation 
Papago Creek Geologic formations 
Nevills Rapids 

Papago Point River segments/Vertical/ Interaction of man & canyon— 110 3 330 
Lost Benchmark Inner gorge/Plateau/ good river & geologic 
Pinal Point Perspective/ 
Tusayan Overlook Geologic formations/Rapids/ 

Forms/Below Rim Trail 

Duck on Rock Vertical/Forms/Vegetation/ Trail use (low key) 200 3 600 
Hole in Ground Perspective/Below Rim Trail/ 
2 Roadsides Geologic formations/Plateau 
Yoyo Point 

Lipan Point River segments/Vertical/ Canyon formation—traditional 325 3 975 
Navajo Point Forms/Perspective canyon viewing—entry— 
Desert View information—interpretation 

Total 1,285 4,015 



Interpretive Tours — The following are descriptions of various packages 
which could provide tours designed for the majority of visitors. 

INITIAL VISITOR CONTACT POINTS 

. YAKI/SHOSHONE POINTS 

Looking up and down canyon from an "older" point of view, visitors 
can look down into the Vishnu Group of some of the oldest known 
Precambrian rocks known today. The views down-canyon from Yaki 
Point and up-canyon from Shoshone Point give a completely different 
visual aspect from those at Desert View, because of the high rim 
covered with extensive ponderosa forest (Transition Zone). 

The introductory statement here would present the canyon from the 
formation of the earliest rocks of the Precambrian Era and the 
overlying layers of the Paleozoic Era, and end with the canyon-
forming Cenozoic Era. It would provide an introduction to east-
bound visitors and a wrap-up for westbound. 

. DESERT VIEW 

Desert View is the first place westbound visitors can see the 
canyon. This point offers an excellent platform to view the canyon 
from a desert locale (Upper Sonoran) on a high portion of the rim 
into the beginning of the Grand Canyon proper. Very long views 
down-canyon through the park are an excellent way to introduce 
westbound visitors to the options available to them. 

The introductory statement would present the canyon from a "younger" 
point of view—the Cenozoic Era of canyon cutting down to the 
oldest formation of the Precambrian Era. This would avoid dupli
cation for those visitors stopping at both Yaki Point and Desert 
View by presenting the story from a different viewpoint aspect. 

. Functions of these visitor contact points could include: 

1. Personal services to provide information to incoming and 
outgoing visitors—where-to-go-from-here sort of thing. 

2. Personal services, combined with graphic and written material 
to orient visitors and present their options for visiting the 
park—the how, what, and where of Grand Canyon National Park 
to be combined with . . . 

3. An introduction (or wrap-up for outgoing visitors) to the 
geology, natural history, and history of the park. No in-
depth interpretation will be attempted here, rather a light 
touch, that will quickly present a summary of the huge and 
complicated story of Grand Canyon. 
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The combination of various media (exhibits, trip planner, brochures, 
etc.) would allow the visitor to plan his trip according to indivi
dual interests and length of time. Any combination of points at 
which visitors choose to stop would give them an adequate picture 
of the canyon by the time they leave the park. 

A main interpretive experience at Zuni Point will be complemented 
by small overlooks along the way, trails, publications (that would 
provide in-depth interpretation, trail guides, etc.), so that, no 
matter what direction visitors travel, or how much time they have 
to spend, it will be a fairly easy and pleasant job to get as full 
a story of the canyon as they wish. 

The Yaki/Shoshone site was chosen for proximity to the South Entrance, 
for striking down- and up-canyon views from high rim ponderosa forest, 
and for visual accessibility to the oldest rocks exposed in the canyon. 

The travelers would, of course, have the option to stop at any viewpoint 
where waysides would identify the features seen from that point. Existing 
and possibly new picnic areas along the road could be combined with 
short trails to the rim to small viewpoints uncluttered with exhibits or 
many people. 

Viewpoints can be bypassed by those who choose and allow them to avoid 
getting caught in parking traffic. 

The Desert View site was chosen as a visitor contact point because of its' 
proximity to the East Entrance, the first viewing place of the canyon, 
with striking open view upriver and down-canyon from the desert ecosystem 
of the canyon rim showing the desert, the hill, and the river required 
to create this Grand Canyon. 

RIM INTERPRETIVE POINTS 

RIM DRIVE 

All the developed points along the rim will provide the details, answer 
the questions that visitors have along the way, and provide the wide 
variety of options presented at the initial visitor contact points. 

Various "packages" could be developed for specific interests of indi
vidual visitors. These packages can include, but not be limited to, the 
following: 

THE GENERAL PACKAGE—Day Use—Average Stay—3 hours 

. Double pullouts for first quick view of canyon with invitation to 
Yaki/Shoshone Complex. 

74 



. Information on Grand Canyon: By personal services and/or 
exhibits of options 

Maps 
Views Trails 
Introduction to Interpretation Publications 

Orientation: Where to go for what experience in a given amount of time. 
Interpretation: From oldest to youngest. 

1. What formed the rocks of the scene—Precambrian, Paleozoic. 
2. What formed the canyon—the river story—Cenozoic. 
3. Brief graphic statements of the recent geologic era and prehistory/ 

history. 
4. Where to go to pursue what theme more deeply. 

. Main points signed for everyone. 

Hole in Ground: Kaibab Formation 
River cutting 
Rocks of the canyon 

Grandview Point/Hotel Complex 

High Rim (Transition Zone) Ecosystem 

Buggeln Hill or Tusayan Ruins 

Prehistory 

Natural History—contact between high rim (Transition lower limit 
and upper limit of Sonoran Desert ecosystem). 

Zuni Point 

Full canyon story in detail on-site. 

High point of pure interpretation to take many forms, using personal 
services, wayside exhibits, trail guides. 

GEOLOGY PACKAGE 

East to West—Youngest to oldest 

In East Entrance, see canyon, get introduction and leave again, or 
go on. 

Open desert view of the place the river went in, looking upriver 
and down-canyon. 
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Desert View with introduction from point of view of the river coming 
in and cutting through the hill down to the earliest layers (so 
if folks stop there too, it would be an inverse wrap-up). 

West to East—Oldest to youngest 

Introduction to Grand Canyon East Rim Drive and options. 

Chooses geology emphasis—gets main introduction to interpretation 
of canyon from the bottom up, from the earliest layers of Precambrian 
rock, up through the Paleozoic: 

1. What formed the rocks of the area. 

2. What formed the canyon. 

3. Where to go to get the complete story along the rim. 

High rim viewing from ponderosa forest looking deep into the canyon 
at the oldest layers. 

In South Entrance—one stop Yaki/Shoshone Point and leave out South 
Entrance. (Additional option that this alternative would make 
possible.) 

STORY OF MAN PACKAGE 

"Story of Man" in and around Grand Canyon. 

. Main points going either direction 

Prehistory and history—plateau, rim, and in-canyon 

. Grandview Point/Hotel Complex—mining in-canyon, early tourist 
industry 

. Trail between in-depth visit 

. Buggeln Hill Area—tourist transportation, prehistory 

. Rim trail around Zuni Point area, Fortified Point, or similar 
rim sites between Papago Point and Pinal Point, for prehistory 
encompassing heavy rim occupation and also in-canyon views of 
Unkar Delta community. 

. Tusayan Ruins 
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NATURAL HISTORY PACKAGE—Plant and animal communities 

. Main points going either direction 

. Trail between Yaki and Shoshone Points—introduction to the high 
rim ponderosa and Transition Zone. 

. Trails Grandview Hotel Point to Kance Point 

Ponderosa/Gambel oak area 

Aspen grove area 

Douglas Fir/White Fir spilling into canyon 

. Transition from Ponderosa to pinyon/juniper on the hill coinciding 
with prehistoric, the human occupation pattern. 

. Zuni Point trails and Point for in-canyon Desert, Upper Sonoran 
Zone. 

PALEONTOLOGY PACKAGE 

Visitors can learn the story of the formations in the canyon through the 
life forms found in them and how they got there. 

Emphasizing those points where the best views of the individual formations 
can best be seen and fossils best identified. 

A longer, more detailed story could be told at a specific point that 
would be devoted to fossils only. It would not be necessary to be under
standing of the canyon to see this place. 

TRAILS POSSIBLE INTERPRETIVE THEMES 

Below-Rim 

Yaki/Shoshone Point Complex . Geology (Transition Zone)/Ponderosa 

forest community 

Grandview Point Trail to . History—of exploration, mining, 
Historic Hotel Site tourism 

Zuni/Yucca . Geology/(Sonoran Zone) Desert 
community/Prehistory (rim and 
inner canyon) 

Ponderosa Point . Geology 

Hole-in-Ground . Geology 
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TRAILS POSSIBLE INTERPRETIVE THEMES 

Rim Top 

Grandview Hotel Point/Hance 
Point 

Papago Point/Lost 
Benchmark/Pinal Point 
Complex 

Yaki/Shoshone Complex 

Zuni/Yucca/Panorama Rim/ 
Nevills Rapids Complex 

Buggeln Hill Area 

Natural history of Ponderosa/ 
Aspen/Fir/Spruce community/History 

Geology/Sonoran Zone/Prehistory 

Geology/Transition Zone/Prehistory 

Geology/The river/Sonoran Zone/ 
Prehistory, inner canyon, rim, and 
back from rim 

Prehistory/History 

Picnic areas as trailheads to points—short walk from established picnic 
areas 

. Between Yoyo and Pullout 

. Buggeln Hill to Ponderosa Point 

. Papago Creek Point and Nevills Rapids Point 

Daily Capacity — Capacity under Alternative II would theoretically be 
approximately the same as Alternative I since the road capacity is the 
determining factor. The capacity would be approximately 40,000 visitors 
in a 10-hour period with a potential of 49,000 in a 14-hour period. 

The concepts under Alternative II are based on an average stay of 3-4 hours 
while the above capacities are based on an average stay of 3 hours. If 
visitors spend longer than 3 hours the 14-hour capacity of 49,000 could 
be significantly reduced. The turn around factor would probably be more 
significant under this alternative since visitors would be encouraged 
to go to specific areas for varied experiences. Until a comprehensive 
plan for the East Rim is developed, the true capacity is impossible to 
determine. We have assummed the daily capacity to be approximately 
40,000 visitors as under Alternative I. However, it must be recognized 
that the capacity could be significantly lowered as the quality of the 
experience causes vistiors to stay longer. 
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SUMMARY — EAST RIM CAPACITY 

The East Rim Drive is the limiting factor in the capability of the East 
Rim to accommodate visitors. Some modifications would provide a safe 
road but would not significantly increase the road capacity. The west 
end of the drive offers an opportunity for an expansion of capacity in 
the Yaki/Shoshone Points area due to the relatively straight alignment 
of the road, but, the reminder of the road would require major work to 
significantly increase capacity. 

The alternatives presented represent the two ends of a range of oppor
tunities to handle visitors. One concentrates on moving the maximum 
number of visitors—the other concentrates on the quality of the 
experience. The two objectives can be complimentary, providing for 
the visitor in a hurry and the visitor with time to spend. Alternative I 
could accommodate up to 50,000 visitors daily while Alternative II would 
accommodate up to 40,000—both are limited by the road capacity. 

The East Rim study emphasizes the need for a comprehensive plan for the 
entire East Rim. Desert View is at capacity and provides a low quality 
visitor experience; some viewpoints and the Tusayan Ruins are frequently 
overcrowded; and the visitors miss many of the unique aspects of the 
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East Rim. To develop a comprehensive plan, more information on the 
natural and cultural resources is essential, an interpretive plan for 
the entire South Rim is needed, and data on visitor use patterns 
should be obtained. 
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FUTURE TESTING AND EVALUATION 

As visitation to the West Rim/Village area consistently reaches BO
SS, 000 persons per day, a program of further testing and evaluation of 
theoretical capacities must be implemented. Since capacity is directly 
related to implementation of the Comprehensive Design and resolution of 
parking locations, the tests should be conducted when these actions have 
been completed. However, it is probable that visitation will reach 
critical levels before the Comprehensive Design has been fully (or even 
partially) implemented. The testing program cannot be designed at this 
time since the type of program will depend on the conditions in the 
Village and East Rim which affect the visitor experience. 

The program would primarily be one of observation and personal inter
views. If the parking/reception center has been constructed, some 
experiments in controlling visitor distribution would also be attempted. 
The successful operation of the reception center is a key element in 
providing a quality visitor experience. Without the reception center, 
the transit system and an auto-free Village, the testing program can 
only evaluate visitor experiences under existing conditions and attempt 
to project what the experience might be under ideal conditions. 

81 



The testing program would evaluate the effects of increasing visitation 
on the Village rim areas, the transit system, West Rim Drive overlooks, 
and the various facilities. The study would attempt to determine if 
overcrowding is consistently occurring in specific locations; if there 
are methods which could be used to avoid or minimize this overcrowding; 
if overcrowding at specific locations is causing resource damage; if the 
quality of the visitor experience is being degraded by overcrowding. 
Similar studies would be conducted along the East Rim Drive to determine 
the effects changes in the Village/West Rim area are having on the East 
Rim visitor experience, and to further determine what the typical visitor 
patterns are. 

An interpretive plan should be developed for the entire South Rim area. 
Viewing corridors into, up and down the canyon, and to the plateaus 
should be mapped and a cultural resources survey completed prior to 
interpretive planning. The effectiveness of existing interpretive 
programs and devices should be evaluated with special emphasis on the 
effects implementation of the Comprehensive Design will have on visitor 
use patterns. 

A comprehensive plan for the East Rim (including Desert View) should be 
prepared to further evaluate the proposals in the alternatives. This 
plan would address potential development, road improvements, and 
redevelopment at Desert View. This comprehensive plan should be 
coordinated with the interpretive plan. 

The end product would contain recommendations for dispersing visitors, 
improving facilities, and revising the theoretical capacity. 
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WATER MANAGEMENT ALTERNATIVES 

SOUTH RIM DEVELOPED AREA 

The purpose of this study is (1) to analyze and describe the alternatives 
available for the management of the water system of the South Rim of the 
Grand Canyon and, (2) to determine related day-use visitation capacities 
at the park as affected by the quantity of water that can be delivered 
to the South Rim. Each component of the present and potential systems 
was studied, including its present operation and characteristics, and 
those changes and adjustments caused by the alteration. Visitation 
patterns observed and forecasted by the ROMA* study, together with an 
examination of the park's water use, particularly the day-visitors' 
rate, were also considered in this effort to project the park's capacity 
to supply its guests with the water they require in the future. 

The ROMA projections in the approved comprehensive design for the South 
Rim Village for the year 2000 have been used as a common element in the 
capacity studies and water management studies to provide a point of 
departure. Changes in visitation patterns, increasing visitation 
without support facility development and especially changes in seasonality 

* Rockrise, Odermatt, Mountjoy and Associates 
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of visitation would have significant influence on the water requirements. 
To illustrate the complexity of the problem, we use the extreme example 
of maximum visitation occurring every day of the year. Under this situ
ation a daily capacity would have to be determined based on water 
delivery rates, emergency reserves required, plus contingencies for 
other system failures. Obviously, unless unlimited water supplies were 
available, the daily capacity would be substantially less than a peak 
day capacity under present visitation patterns. 

This study discusses alternatives to provide maximum water supplies - it 
cannot predict changes in visitor use patterns. A continuing program of 
monitoring and evaluation of visitor use patterns and adjustments to the 
water management program are essential. Data in this report is based on 
an extensive analysis of park and concession water use rates from bi
monthly meter readings, visitation statistics, lodging occupancy rates, 
meals served, resident population at various times of the year, pumping 
rates, and other factors. Discrepancies appear in many places; we find 
a relatively large water consumption in facilities which are closed and 
peak water use does not always coincide with peak visitation. Part of 
this can be attributed to the timing of water meter readings (a September 
meter reading may actually reflect water use in August), to the lack of 
uniform record-keeping procedures, faulty water meters, and system 
losses which cannot be accounted for on a monthly basis. 

We recognize that there will be areas of this report which will not 
agree with past records or other opinions. These disagreements can only 
be resolved by improvements to the data collection system and further 
analysis. However, the report is valid as an indication of approximate 
visitation levels which could be served under various water management 
alternatives. 

A separate report on National Park Service water rights at Grand Canyon 
National Park has been requested by the Director, National Park Service. 
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DAY-VISITORS' WATER USE 

One significant objective of this study is to determine an average daily 
water use rate for the day-visitor. This figure is necessary in order 
to compute a day-visitation capacity based upon the available water 
supply from various alternatives. Resolution of such a use rate calls 
for reliable data on water consumed and numbers of day-visitors for 
corresponding months, a division operation of the former by the latter, 
and the mean of the results for several months, rounded for reasonable 
application. 

The adopted method of analysis involved tabulating metered values for 
consumption of those facilities likely to be used by the day-visitor, 
such as restaurants and comfort stations. Next, usage by the overnight 
visitor in the El Tovar and Bright Angel Lodges determined by relating 
standard rates of consumption, published by the Public Health Service, 
to their corresponding activities: 50 gal./person/day for hotel/motel 
services and 10 gal./person/day for restaurants, if a restroom and bar 
are available. Room and meal counts were provided by the concessioner 
for the months analyzed. Additional water required in the laundry 
process was estimated at 10 gallons per occupied room. Subtracting 
these overnight guest demands from the total metered usage of the 
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El Tovar and Bright Angel produced surplus water accountable for by day-
visitors. Added to this surplus is the water used by day-visitors at 
Yavapai Museum and Visitor Center comfort stations. 

To arrive at the final day-visitor use rate, water ascribed to this 
population was divided by respective months of visitation numbers and 
the results averaged. Consequently, a day-visitor, whose range of time 
spent at Grand Canyon may be from 4-16 hours will consume an average of 
6.5 gallons of water. (Refer to Appendix, Section A for detailed 
calculations.) 

Day-Visitor Water Use Rate 

June July August September 

Total Day-Visitor Water 1,407,506 1,442,598 2,265,963 1,718,481 
Total Day-Visitors 329,799 430,903 347,093 160,960 

Day-Visitor Water Use 4.27 3.35 6.53 10.68 

Averaged Day Use = 6.20 gal./day-visitor 
Rounded Day Use = 6.50 gal./day-visitor 

Several intermediate checks were performed on the data employed, so that 
credibility might be lent to their use. Fred Harvey confirms that 
34 percent of all visitors to the South Rim are served by their restaurant/food 
services. Applying this percent to total visitation and subtracting the 
overnight guest population produces a day-visitor total likely to frequent 
a concessioner operation. Again, the remaining water from the El Tovar 
and Bright Angel Lodges and comfort stations is related to day-visitors 
and divided by the concessioner patron figure. A use rate of 25 gal./person/day 
results and agrees with the standard, taken from the Public Health 
Service planning guide, for a day-visitor having one meal. 

The water use rate for the concessioner laundries was estimated at 
10 gallons per occupied room based on averages for washing room linens. 
Attempts to calculate actual use rates for laundries proved difficult 
due to inconsistencies in metering and record keeping methods. 

In a similar manner, the accuracy of the Public Health Service's standard 
for water use in restaurants, combining a restroom facility and bar, was 
tested as to its application to park operations. They suggest a demand 
of 9-12 gal./person. Since records were kept for not only water consumption, 
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but also meals served in the Yavapai cafeteria, simple division yields 
10.6 gal./meal. Therefore, the assigning of a round figure of 10 gallons 
per meal can be satisfactorily approved. 

Substantiating the 50 gal./person/day rate for hotel/motel accommodations 
followed the above process identically. Water records for the Kachina 
Lodge were used, because the meter reading there represented only this 
type of use, and room sales for the same were furnished by Fred Harvey. 

These basic assumptions were critical to this analysis: 

. all hotel/motel overnight guests patronize a restaurant 

. day-visitor percent of total visitors applicable to both the 
Visitor Center and Yavapai Museum comfort stations 

. only that laundry produced at Yavapai Lodge is processed at that 
facility 

. Public Health Service planning guidelines 
hotel/motel 50 gal./camper 
restaurant 10 gal./meal 
day camp w/no meal 15 gal./day 
laundry 5 gal./customer (linens only) 

Further examination of the rate for day-visitor consumption, submitted 
in this study, could address itself to the validity of these assumptions 
by authorizing surveys and research aimed at compiling the necessary 
data. 

The use rate of 6.5 gallons per day-visitor is lower than would normally 
be expected. The fact that there are few sources of drinking water and 
flush toilets in areas outside the main village and Desert View, and 
that a relatively low percentage of day-visitors utilize restaurant 
facilities, probably accounts for the low average use rate. In the 
Water Management Plans section, alternate one is examined for a day-
visitor use rate of 10 gal/person in addition to the 6.5 gallon rate. 
This comparative analysis represents the change in storage requirements 
needed if, upon testing and research, it is observed that the more 
accurate use rate is closer to 10 gal./day-visitor. As can be seen in 
the preceding table, the use rate for September only slightly exceeds 
10 gallons and might better reflect actual practice. 
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WATER DEMAND PROJECTIONS 

The ROMA Comprehensive Design for South Rim Village of Grand Canyon, 
published in 1975, examined and analyzed thoroughly many areas of 
interest at the time, some of which directly influence this water 
report. Their projections concerning increases in visitation, lodging 
units, restaurant seating, and resident housing for the year 2000 will 
be related to water demands plus the additional supply required to meet 
these demands. The park must be aware that these projections may arrive 
sooner than anticipated and that monitoring of visitation patterns and 
resident needs should be conducted routinely. 

According to ROMA, total visitation by 2000 will reach 4.0 million, with 
approximately 75 percent of these or 3.0 million people being day- -
visitors and 1.0 million being overnight guests staying in the village. 
These figures represent an estimated composite growth rate of 2.1 percent 
applied to the 1972-1973 park visitation records. Recent data compiled 
for 1976 indicates total visitation to be 3.03 million people, consisting 
of 2.3 million day-visitors. Surveys conducted to determine the day-

1. According to ROMA the demand for overnight facilities will exceed the 
capacity of the village. This study assumes all visitors who cannot be 
accommodated in the village will be day-visitors. However visitors staying 
overnight at Tusayan will tend to remain longer in the park than visitors 
staying in Williams or Flagstaff and presumably consume more water than 
the average day visitor. 
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visitor's length of stay have produced a reasonable minimum and maximum 
of 4 and 16 hours, respectively. However, the average stays appears to 
be closer to 4 hours. 

Overnight accommodations in the South Rim Village have been limited to 
present levels as prescribed by the park's General Management Plan and 
the Development Concept Plan for the South Rim Village. 

Out of a total of 1,419 units, 105 of those house concessioner employees 
at this time. A program for new housing, demolition of obsolete lodging 
units, and construction of new lodging units will increase the overnight 
units to the permitted maximum. Water consumption for the existing 
1,314 visitor units for the summer months equals 150,000 gpd, so extra
polating this rate to 105 more units creates an extra burden of 12,000 gpd 
on the supply. Although Desert View's water is still hauled by truck, 
expansion at this end of the park affects the village's water situation 
since the water is drawn from storage tanks in the village. Fifty to 
one hundred new campsites could be approved as need warrants, producing 
a critical flow demand of 8,000 gpd per each 50 sites. 

Restaurant seating is not subject to the same restrictions imposed on 
visitor lodging and may expand (up to limits placed by the Comprehensive 
Design) to conform with observed patterns in patronization. ROMA 
projections for the year 2000 are designed to service 780 seats more 
than the current 936. Since 50,000 gallons of water are used for the 
936 seats during a peak day now, another 780 seats will require 42,000 gpd, 
Fast-food services, which require less water, will supplement the 
restaurants; the water demand for these facilities has not been estimated. 

As mentioned previously, resident/employee housing at South Rim Village 
is considerably deficient in numbers. The ROMA study recommended, in 
197 5, immediate provision for 250 permanent units to alleviate the 
shortage. Then, by the year 2000, total employee housing would be 
approximately double the present figure of 730. based on projected 
staffing needs to meet forecasted visitation increases. Concerning 
water use, the influence is apparent, doubling the recently computed 
rate of 95,000 gpd for 730 units to 190,000 gpd during summertime. 

Additional Peak Daily Demands 

105 overnight units 12,000 gpd 
100 Desert View campsites 16,000 gpd 
780 restaurant seats 14,000 gpd overnight guests 

28,000 gpd day-visitors 
730 resident units 95,000 gpd 

Additional Demand 165,600 gpd 
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SUPPLY-ALTERNATIVES METHODOLOGY 

Initial examination of this Grand Canyon water study begins with a 
determination of the South Rim's annual water demands, including hauled 
and reclaimed water, and storage requirements. Necessary, too, is 
associating the bi-monthly periods with their percents of total visi
tation and total water demands and assigning pump rate efficiencies, as 
related to frequency of power outages for summer weather. The months 
are grouped in pairs because a majority of the water meters are read 
every other month. Meter records for the year 1976 were used to compute 
present demands and storage data was obtained from park staff. 
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Water Demand Summary 

1976 2000 

Base Demand (1) 
Park Service facilities (2) 
Concessioner facilities (2) 

Permanent & Seasonal Residents (3) 
Lodging & Restaurants (3) 
Desert View - Hauled (3) 
Other Hauled Water (5, 2) 
Phantom Ranch (4) 
Reclaimed Water (4) 
Day-Visitor Water (3) 
Distribution System Loss (4) 
Total Demand (Potable & Reclaimed) 
Total Potable Water Demand 
Total Potable Water Less Day-Visitor 

Summer 
gpd 

44,400 
43,000 
95,000 
256,500 
18,000 
3,000 
10,500 
35,500 
59,300 
65,753 
630,953 
595,453 
536,153 

Million 
g/y 

11.1 
10.7 
23.7 
64.0 
4.5 
.75 

2.6 
8.9 
14.8 
20.0 
161.1 
152.2 
137.4 

Summer 
gpd 

58,500 
56,900 
190,000 
282,500 
34,000 
4,000 
10,500 
35,500 
80,200 
65,753 
817,853 
782.353 
702,153 

Million 
g/y 

14.6 
14.2 
47.4 
70.5 
8.5 
1.0 
2.6 
8.9 
20.0 
20.0 
207.7 
198.8 
178.8 

Notes: 
1. Support facilities: visitor services, laundry, maintenance, 

stores, etc. 
2. Projected demands based on proportionality to 4.0 million 

visitors in 2000. 
3. Projected demands based on visitor/facility forecasts by ROMA. 
4. Present levels maintained due to saturation or no forecasts 

available. 
5. Includes Yaki Point, Hermits Rest, Forest Service, Supai Village, 

etc. Forest Service water requirements will increase as new 
employee housing is constructed and the tent campground is 
supplied with water. 

Using Base Demand excluding day-visitors from the preceding table, 
current seasonality use rates, and pumping efficiency, we can determine 
the critical use period and peak demand. 

Distribution of Base Demands (Excluding Day-Visitor) 

Month 

Feb./Mar. 
Apr./May 
Jun./Jul. 
Aug./Sep. 
Oct./Nov. 
Dec./Jan. 

Annual 

Percent of 
Total 

Visitation 

5.7 
15.27 
38.68 
28.00 
7.65 
4.7 

1 Base Demand 

Percent of 
Total 
Demand 

8.7 
14.2 
23.4 
25.5 
17.2 
11.0 

100.0 

Demand 
1976 

12.0 
19.5 
32.2 
35.0 
23.6 
15.1 

137.4 

in Millions 
2000 

15.5 
25.4 
41.8 
45.6 
30.8 
19.7 

178.8 

Pump Rate 
Efficiency 

90% 
90% 
86.6% 
80.7% 
90% 
90% 
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The peak demand figures for August/September will be used in the following 
calculation. 

We assume that present park and concessioner support facilities and 
resident housing will expand to accommodate the 4.0 million visitors 
projected for the year 2000 (or sooner). The approved Development 
Concept Plan and the ROMA study outline these needs with sound figures, 
so that arriving at the total water demand for this future time is done 
by extrapolating 1976 visitation and water use numbers to the forecasted 
visitor population. 

The primary objective of this analysis is to formulate a day-visitor 
capacity according to various water supply-alternatives. The method 
applied to this task follows this sequence: 

. project present demands to 2000 (or 4,000,000 visitors) according 
to ROMA. 

. for design purposes, use critical water demands and supply rate 
efficiencies for the bi-monthly period, August/September. 

. figure difference between supply and demand, whether positive or 
negative. 

. use positive difference to compute water available to day-visitors 
without the need for equalization storage. 

. for negative difference, calculate base demand equalization storage 
needed, as well as additional storage for day-visitor population 
in year 2000. 

. determine additional storage needed. 

A day-visitor capacity, dependent on critical conditions, was considered 
more accurate than one based on prorated supplies and demands for bi
monthly periods since off-season months would approach peak summer 
conditions as increased levels of day-visitors are accommodated. A 
negative difference between supply and demand represents the amount of 
equalization storage required to supplement the pump rate deficiency for 
the months August and September in meeting base demands. Flow require
ments for this period in 2000 equal 747,500 gpd or 519 gpm; therefore, 
after adjusting this rate for shutdowns, a proposed supply capacity of 
less than 643 gpm will be proportionally inadequate. Not only must base 
demand equalization storage be proposed, but reserves for a day-visitor 
population throughout the high-use season. A day-visitor capacity can be 
supported at a rate of 58 gpm or 5,000 people/day for each existing or addi
tional 2.0 million gallons of storage present in the tanks before June 1. 
Assuming 4.0 million visitors in 2000 and that approximately 75 percent 
of these will be day-visitors, the 3.0 million day-visitor population 
can easily be serviced in summertime by 7-8 million gallons storage over 
and above what is necessary for base demand equalization. Combining 
base demand equalization storage with day-visitor storage and emergency 
reserves of 10.0 million gallons for 2000 gives the total storage needed 
and by subtracting the present capacity of 13.3 million yields the 
amount of additional storage recommended. 
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PRESENT SUPPLY 

The estimated average discharge of Roaring Springs is 5,200 gpm*, of 
which 700 gpm travels through the Transcanyon Pipeline to Indian Gardens. 
From there the flow delivered to the distribution system for South Rim 
Village depends upon which pump, No. 1 or No. 2, is in operation and the 
season of the year. Pump No. 1 has a supply capacity of 460 gpm, while 
Pump No. 2 runs at 420 gpm; these figures are based on the most recent 
tests conducted by park staff. Thunderstorm activity through the summer 
months causes power outages and, consequently, shutdowns in pump operation 
for periods of two hours at a time. To incorporate these losses into 
the water production numbers for the bi-monthly periods, June-September, 
suffers a deficit in accordance with which pump is functioning: Pump 
No. 1 produces 67.6 million gallons and requires 2.4 million gallons of 
equalization storage while Pump No. 2 produces 61.8 million gallons and 
requires 8.2 million gallons of equalization storage. It should be 
remembered that these storage requirements support an estimated day-
visitor population of 1.5 million for the summer season and as actual 
visitation patterns deviate from these criteria so also will the storage 
figures. 

* More accurate data will be collected with improvement of the 
Roaring Springs Intake structure. 
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Providing that the present system of water supply continues unaltered, 
come the year 2000, summer shortages alone could exceed 28 million 
gallons. To meet park water requirements and a reasonable day-visitor 
capacity for future summer seasons will necessitate a supply flow rate 
of at least 701 gpm (adjusted) or proportional amounts of equalization 
storage as the supply fails this mark. 
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ALTERNATIVES 

The following alternatives address possible changes to the water supply, 
distribution, and storage system for the South Rim. The economics and 
environmental impacts of the various alternatives have not been fully 
assessed and some of the alternatives would most likely prove unacceptable 
after further study. The intent is to provide a range of options for 
management to formulate a water management plan which would then receive 
a thorough analysis. Although the planning team was tempted to eliminate 
some alternatives at an early stage, it was decided to leave all the 
alternative's in the report—what may seem unacceptable now may prove 
acceptable in the future. 

Transcanyon Pipeline Alternatives 

The Transcanyon Pipeline, built in 1970, is constructed of seamless 
aluminum pipe with welded joints and transports water from Roaring 
Springs across the canyon along the Bright Angel Creek corridor and up 
to Indian Gardens. The first five miles of pipe is 8 inches in diameter, 
while the remaining 7.4 miles is 6 inches in diameter, and withstands a 
normal pressure of 950 psi at its lowest point in the canyon under the 
present system with excess water overflowing at Indian Gardens. Pressure 
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at the lowest point increases to 1,375 psi if water flows directly 
into the pumps to utilize the residual pressure. Gravity is sufficient 
to siphon the water up to the Indian Gardens reservoir and pump station 
at a flow rate of 700 gpm and residual pressure of 200 psi and from 
there is pumped to the South Rim by either of the two 600 horsepower 
centrifugal pumps. The pump rate up to and over the rim is 460 gpm with 
Pump No. 1 or 420 gpm with Pump No. 2, and the approximate 250 gpm 
overflow is channeled into Garden Creek. An optimum velocity within the 
line, suggested by park staff, would be close to 5 ft./sec. and a max
imum velocity of just under 8 ft./sec. In order for these values to 
coincide with the actual production of 700 gpm, an optimum velocity of 
4.5 ft./sec. would be measured in the 8-inch section of line and a near 
limit of 7.9 ft./sec. in the 6-inch segment. When the Transcanyon 
Pipeline was new, the water flowed directly from it into the pumps at 
Indian Gardens, thereby utilizing the residual pressure and maintaining 
a pump capacity of approximately 530 gpm. Eventually, corrosive processes 
damaged the line to such an extent that leaks began to appear, and the 
pumps were being damaged, necessitating the reduction in pressure and 
silt load into the pumps by emptying the pipeline into a holding tank at 
Indian Gardens. In addition to pump damage and line corrosion, the 
entire line is threatened with failure due to water hammer when pumps 
shut down suddenly due to power failure. 

I. Repair and Maintenance of Present Line 

Currently, water from Roaring Springs develops a substantial load of 
sediment following heavy rains and runoff and is carried into the Trans-
canyon Pipeline, where it tends to accelerate corrosion at bends and 
joints. Installation of a settling reservoir and a series of cyclonic 
desanders at the mouth of Roaring Springs is scheduled to occur in the 
near future and the operation of such facilities will reduce this 
corrosive action. Damage done previously which weakened the walls of 
the pipeline and to hastened deterioration of the joints will continue 
to require emergency repairs as well as a cyclic maintenance program. 
The park has already looked into replacing one mile of pipeline per year 
at a cost of $600,000. This figure would rise relative to the inflation 
rate for the 12-13 years it would take for completion. If the Trans-
canyon line is to be directly connected to the pumps at Indian Gardens, 
experimentation should be conducted to determine the flow rate or 
pressure that can be applied before leakage becomes a problem. It might 
be found that the additional pressure provided through refurbishment 
would mean more efficient, economical functioning of the pumps, thus 
saving money in electricity bills which could offset expenses for the 
rehabilitation of the pipeline. Supply rates and storage requirements 
within the water system would not be affected unless the residual pressure 
is utilized to increase pumping capacity to approximately 530 gpm. The 
pumps and piping would have to be modified to reduce or eliminate the 
water hammer problem. 
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II. Replacement of Line with Improved Materials 

During normal maintenance activities on the Transcanyon Pipeline or in 
abiding by a cyclic program of replacement over the years, the existing 
pipeline could be replaced with materials of greater capacity and relia
bility. Besides the present aluminum pipe being completely exchanged 
with steel, those sections of 8-inch diameter could be exchanged with 
10-inch and those of 6-inch with 8-inch. Employing the same velocities 
being used now, the adjusted flow capacity of the larger pipe would be 
1,200 gpm. For a peak summer day in the year 2000 this rate will 
produce 1.4 million gallons and after deducting appropriate park demands 
will accommodate 107,700 day-visitors per summer day. This proposal 
assumes, of course, that the entire supply reaching Indian Gardens can 
be transported to the South Rim for distribution. Improvement of the 
Transcanyon Pipeline through the stated operation would involve significant 
construction work along the Bright Angel Creek corridor. However, this 
area is not in wilderness classification and impacts attributable to 
machinery and helicopters could be restricted within the confines of the 
boundary and the land-use classification of the corridor. Planned 
replacement as opposed to emergency repairs, would tend to reduce the 
accumulative environmental impacts. 

III. Construct Second Transcanyon Line Along Existing Line 

Assuming the capacity and condition of the present Transcanyon line to 
be insufficient for the growing demands put upon it, a second pipeline 
of similar size but of better quality could be constructed alongside the 
existing facility through the non-wilderness Bright Angel Creek corridor. 

An important consideration of such a proposal is the amount of increase 
two 6-inch lines would have over one 8-inch pipeline. By adopting the 
velocities currently utilized for the purpose of comparison, 1,400 gpm 
could be supplied by this alternative compared with 1,200 gpm by 
expansion of the existing pipeline. Represented as additional 
day-visitors for one day in 2000, this extra 200 gpm could support up to 
44,000 more people per day. To assist in determining whether the bonus 
200 gpm using two lines would be worth the energy and expense associated 
with this proposal, a comparative analysis of these two options would 
be advantageous: continued water production while the new line is being 
installed versus termination of water production while repairing and 
replacing the existing line. An added advantage would be the existance 
of parallel lines, reducing the probability of the entire system shutting 
down due to a failure of a single transcanyon line. The cost of a second 
line would be substantial and the environmental impacts would exceed 
those of routing maintenance and replacement. 
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Indian Gardens Alternatives 

Water travels through the Transcanyon Pipeline at the rate of 700 gpm 
and arrives at the Indian Garden pump station with a residual pressure 
of approximately 200 psi. The receiving reservoir holds 70,000 gallons 
of water and functions to collect and settle the sediment load brought 
over from Roaring Springs. Because the tank is open to the atmosphere, 
the system loses the residual pressure contained in the Transcanyon 
line. Either of the two 600-horsepower centrifugal pumps, although 
presently unable to utilize the 200 pounds pressure, boosts the water 
against an elevation head of 3,272 feet to the South Rim at a rate of 
460 gpm or 420 gpm, depending on which pump is operating. The remaining 
250 gpm returns to the Colorado River via Garden Creek. Both this 
inefficient use of available pressure and damage suffered by the pipeline 
due to corrosion from sand and silt have prompted work to commence soon 
at the Roaring Springs outflow to install a settling reservoir and a 
series of desanders. The Indian Gardens Pipeline is considered to be 
in fairly good shape and, historically, has performed with very few 
problems. Constructed in 1934, it is a 6-inch steel line with "Victualic" 
couplings, which, in recent years, have begun to leak at the joint 
gaskets. There is an urgent need to inspect the entire line and repair 
the weak spots, replacing gaskets and hangers as required. This line 
has a design capacity of 700 gpm at the maximum allowable velocity of 
7.9 ft./sec. 

The following alternatives do not consider the need for additional power 
to the pumps at Indian Gardens should the pumping capacity be increased. 
Depending upon the power requirements, the expense of extending 
additional lines to Indian Gardens could be substantial. 

The alternatives which would add Indian Gardens water sources to the 
Transcanyon Pipeline supply would all require treatment of the water 
prior to mixing it with the previously treated supply from Roaring 
Springs. The development of treatment facilities at Indian Gardens could 
result in considerable expense to construct and operate. 

I. Utilize Residual Pressure 

Upon completion of the project on the North Rim to desand Roaring Springs 
water, it would be possible to connect the Transcanyon Pipeline directly 
to the Indian Gardens line. Consequently, the 200 pounds residual 
pressure arriving at the pumps can be used to great advantage, boosting 
the current pump capacity from an approximate 450 gpm flow rate to one 
of 500-530 gpm. The corresponding velocity through the Indian Gardens 
Pipeline would equal 5.7 ft./sec, which falls within the limit imposed 
and assures that the capacity and condition of the line is sufficient 
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without adjustments. By 2000, 19,000 day-visitors per day or 3.0 million 
per year could be accommodated with this supply and an additional 11.2 
million gallons of equalization storage. 

It should be emphasized that there is a major problem associated with 
the utilization of residual pressure. When the pumps shut down 
suddenly due to loss of power, the shock or water hammer ripples across 
the entire canyon and has the potential to blow weak sections of the 
line. To prevent line damage, two actions are required. The pipeline 
must be strengthened as it is repaired or replaced and the pumps must be 
modified to eliminate the water hammer. 

II. Use Additional 250 gpm Overflow 

Any proposition at this time to make use of the extra 250 gpm which 
overflows into Garden Creek from the settling tank assumes the park's 
legal right to it. If future water demands and public pressure to 
permit more day-visitors warrant a greater flow to South Rim Village, 
the existing 6-inch Indian Gardens Pipeline could deliver a rate of 
700 gpm at the maximum allowable velocity of 7.9 ft./sec. Pumping 
capacity, however, would require the addition of another 250 horsepower 
pump or replacement of the existing pumps. After performing the necessary 
calculations and dependent upon maintaining reclaimed water use as now, 
day-visitation capacity figures for the years 1976 and 2000 are 56,200/day 
and 18,400/day, respectively. 

III. Use 250 gpm Overflow Plus Garden Creek Supply 

Water production could be increased, while retaining the existing 
condition and operation of the Transcanyon Pipeline, by not only com
pletely utilizing the 700 gpm that arrives at Indian Gardens from Roaring 
Springs but also incorporating the approximate 200 gpm, potentially available 
at Indian Gardens, into the supply system. Contamination problems at 
Indian Gardens and methods for collecting the water are discussed in 
the following section. This combined total of 900 gpm doubles the 
present flow up to South Rim Village so, in turn, the additional utilities 
needed to transport this water would be equivalent to a duplicate of 
what is used now. Another 6-inch pipeline to the rim as well as another 
600 horsepower pump would be installed, and then the water from Indian 
Gardens would require an equalizing pressure boost before entering 
either of the two lines. Access to the Indian Gardens supply will be 
contingent upon approved treatment of and protection from sources of 
pollution and whether or not the sentiment to return the environment in 
question to its state prior to the Transcanyon line is positive or 
negative. A flow of 900 gpm could accommodate 54,200 day-visitors per 
day or 19.8 million in the year 2000 with no storage required. 
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o 
Summary of Potential Water Supply Combinations 

Alternatives 
Existing Trans-
Canyon Pipeline 
6" & 8" Pipe 

Present Maximum 
Pump Rate 

Pump Rate Using 
Residual 
Pressure at 
Indian Gardens 

Expand Transcanyon 
Pipeline to 
8" & 10" Pipe 

Construct Second 
Transcanyon 
Pipeline 
6" & 8" Pipe 

Construct Second 
Transcanyon 
Pipeline 
8" & 10" Pipe 

Indian Gardens 
Source 

Total Gallons Per 
Annual Supply in 
Millions of Gallon 
@ 83% Pumping Rate 

gpm 

700 

460 

500 

1,200 

700 

1,200 

200 

Min. 

s 

1 

460 

460 

200.67 

2 

500 

500 

218.12 

Pot en 
3 

700 

700 

305.37 

tial Supp 
4 

700 

200 

900 

392.62 

ly Combin 
5 

1,200 

1,200 

523.50 

ations 
6 

1,200 

200 

1,400 

610.75 

7 

700 

700 

1,400 

610.75 

8 

700 

700 

200 

1,600 

698.00 ] 

9 

1,200 

1,200 

200 

2,600 

-,134.24 

Column 1 is existing capacity (maximum) 
Columns 2-9 assume residual pressure is used at Indian Gardens 
Columns 3-9 require additional pumping capacity at Indian Gardens 
Columns 4-9 require additional pipelines from Indian Gardens to the South Rim 
OTHER SUPPLY COMBINATIONS ARE, OF COURSE, POSSIBLE 



Indian Gardens Water Supply Quality Fnhancement Alternatives 

Prior to construction of the Transcanyon Pipeline in 1970 and the use of 
Roaring Springs as a source of water for the South Rim, the park's only 
supply of potable water was from Garden Creek and Springs, located at 
Indian Gardens. Protection against contamination from human contact, 
the mule corral and leach field seepage was not ensured, since regu
lations as to these concerns had not yet been established by the Federal 
Water Pollution Control Act of 1972. One report, containing a water 
quality analysis of the Indian Gardens source, was in April of 1964 and 
is included in CH M & Hill's study of Grand Canyon's water resources 
(1973): hardness was found to be 226 mg/1 CaCO , the pH was 7.5, and 
total dissolved solids was 241 mg/1. Past operation of the system 
included a series of underground collector pipes (places in aquifers 
through which water traveled to wells) to which was added water gathered 
by a small dam far enough downstream to catch the majority of the sur
facing flow. The total quantity being pumped up to the rim was a rate 
of approximately 180-200 gpm against a head of 3,272 feet. Settling of 
solids and chlorination was the treatment applied to the water before 
potable use. Any modern proposal for the supplemental use of the Indian 
Gardens water source must take into serious consideration pertinent 
legislation regarding the quality of the water and its protection from 
contamination. 

I. Remove All Development from Indian Gardens (except pipeline and 
pumphouse) 

This alternative though rather extreme, would mean the elimination of 
park staff support facilities, the campground, comfort station, and mule 
corral. The Transcanyon and Indian Gardens Pipelines and pumphouse 
would, of course, remain, as would the Bright Angel Trail to the canyon 
floor. Removal on this scale would significantly reduce production of 
animal and human effluent, both dangerous as pollutants, and would leave 
only the threat of human contact by weary hikers with which to deal. A 
type of barrier vegetation, even perhaps the extension of the existing 
blackberry bushes, could be planted to discourage hikers. The use of 
fencing with accompanying foliage to camouflage this obstruction could 
also be employed. Environmental integrity should be maintained in this 
area while safekeeping this potential clean water source. Provisions 
for canyon hikers, under this plan, would be limited to the present 
resthouses and a fountain or resthouse at Indian Gardens and overnight 
camping at Phantom Ranch only. This alternative conflicts with the 
approved General Management Plan for the park which endorses continuation 
of visitor services at Indian Gardens. 
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II. Relocate Facilities Away from Water Supply 

Under this alternative developments at Indian Gardens need not be removed 
completely but simply relocated to a more favorable area of some distance 
from the water supply. One possible location, described by John Carollo 
Engineers in 1972, was to transfer the mule corral, campground, comfort 
station, and park staff quarters to a level plot on the east slope of 
the streambed. This site is greater in area and at a safe distance from 
the water supply; although it is above two of the three spring catchment 
areas at Indian Gardens. One disadvantage is the absence of trees for 
shade and the apparent inability of the dry soil to support trees if 
planted. John Carollo Engineers proposed a wastewater treatment plant 
of nominal size to produce irrigation water that would be distributed by 
shallow open ditches. Water for vegetation might also be provided 
through a dual septic tank and leach field system in which the effluent 
lines are spread beneath the new developed areas. Plants and trees can 
thrive on such nutrient-laden moisture, though problems could arise from 
roots clogging the pipe perforations. If it is desired, this could be 
avoided - irrigation lines could surface at the plant itself. The 
bubbler outlets should be located in obscure places, hidden from view, 
and the water should be chlorinated in case of human contact. Particular 
information concerning size and placement of facilities can be obtained 
from the Wastewater Treatment Facilities Study, Grand Canyon National 
Park, Indian Gardens and Phantom Ranch, by John Carollo Engineers, 1972. 
The environmental consequences of such a move are the return of the 
presently impacted zone to more natural conditions, whereas the reverse 
process occurs on the proposed development site. Assurance against 
contamination of Garden Creek must be furnished as described previously, 
since the refreshment this water can offer a weary hiker is luring 
indeed. 

This alternative would need further study to assure that water sources 
would be adequately protected and that archeological sites are not 
adversely affected. The alternative is generally in compliance with 
the concepts in the General Management Plan for the park. 

III. Treat Indian Gardens Water Before Use 

Under this alternative the current status of the Indian Gardens complex 
would be maintained, allowing all facilities to remain, if water stored 
in the catchment can be adequately treated. Treatment would have to be 
supplied at Indian Gardens since water is supplied to spigots at rest 
stops along the Bright Angel Trail. Treatment would comprise settling 
of solids, filtration, and chlorination. 

In producing an additional potable water supply of 200 gpm, another pump 
capable of lifting this quantity to the rim would be required. A study 
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of feasible locations for this water treatment utility would be necessary, 
as would appropriate points of connection into the distribution system. 

IV. Construct Underground Catchment Upstream of Facilities 

Groundwater flow on the South Rim is directed into the Bright Angel 
fault zone by the regional slope of the subsurface topography. This 
water feeds the springs and creek at Indian Gardens, which then assim
ilates the overflow from the Transcanyon Pipeline and joins the Colorado 
River at the canyon floor. The alternative here is to protect this 
source from contamination by collecting and storing the water underground 
and upstream of all development. A widespread system of perforated 
inlet pipe would be laid according to guidelines established by appropriate 
research and testing performed prior to installation. By conducting 
experimentation relating to the quality and characteristics of the soil 
and water, placement of the receiving and storage systems would be 
certain to accumulate the maximum supply available. Water quality 
should be such that minimal treatment before distribution would be 
necessary. Settling of solids would occur in the underground holding 
tank previous to being pumped for distribution. And in contrast to the 
water collected above surface and downstream of the support facilities, 
the chlorination process, in this instance, could be significantly 
reduced, present development would remain as is and chance of human 
contact eliminated. This alternative is considered preferable to other 
alternatives using surface water but requires further study to determine 
if the theory is in fact, practical. The environmental impacts would 
be substantial including disruption of normal subsurface water flows 
and extensive surface disturbance. 

Distribution System Alternatives 

The distribution system for the South Rim of the Grand Canyon, according 
to CH.M & Hill, is inadequate in several major aspects of its operation. 
Specific problems will be discussed under the appropriate alternative, 
although particular attention should be given to the matter of unaccounted 
water. Information received from park staff confirms an annual production 
figure of 155 million gallons of water entering the distribution system 
and a total use figure of 127.8 million gallons, which does not include 
reclaimed water and was computed directly from 1976 meter records. This 
difference of 27.2 million gallons in what was produced and what was 
metered verifies the percent of water left unaccounted for, calculated 
by CH M & Hill in 1972, at 19 percent. In part, this unaccounted water 
can be explained by non-metered services, such as testing, flushing, and 
fire protection. However, the opinion of park personnel reasons that a 
majority of the loss is due to leakage, estimating that escapes through 
pipe failures equal 20.0 million gallons per year or 38 gallons per 
minute. The amount of 155 million gallons per year over the rim repre
sents a pumping schedule of 240 days at 450 gpm or 256 days at 420 gpm. 
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I. Lay Additional Mains as per CH?M & Hill 

In their report of 1973, CH M & Hill did an extensive study of the Grand 
Canyon Village distribution system, using mathematical models to simulate 
the performances of their alternatives. The final proposal recommended 
the- laying, of add i I lonal distribution mains in both the upper and lower 
pressure zones in order to create an entire loop within the grid system. 
Not only would this eliminate dead ends currently hindering flow, but 
fire flows would be increased and residual pressures during peak demand 
times improved. A mention of investigating for and repairing existing 
leaks was not included in their publication; however, we consider such 
action as most advantageous if it is the purpose of the park to maximize 
its resources. The unaccounted water due to leakage, perhaps being as 
high as 20 million gallons per year, would enhance the park's peak daily 
water supply by 55,000 gallons and serve an additional day population of 
8,500 guests. Details outlining this plan can be obtained from the CH„M 
& Hill study of Grand Canyon's water supply. 

II. Lay All New Potable System 

Installing a new, complete potable water distribution system could solve 
several of the primary deficiencies and failures affecting present 
operation. Leakage would cease with the use of new pipe plus expansion 
of the reclaimed distribution system would be substantially simplified 
by adopting the old potable lines to be used for non-potable utilities. 
The approved distribution mains must be easily identifiable, so that a 
plumber or serviceman could distinguish between potable and non-potable 
lines during any kind of hookup procedure. Some types of coding that 
would be acceptable are to utilize a completely different pipe material 
from what is used now, possibly aluminum or plastic; to use descriptive 
colors for good and bad water, such as green or red or corresponding 
symbols; or to cover with boards or plastic the trench bearing the new 
potable water lines. Because potential production of reclaimed water 
far exceeds demands at this time, the loss of this water through exfil-
tration from the old pipe would be of little consequence. Park and 
concessioner housing, lodge units, and other miscellaneous support 
facilities would require minimal effort to be connected into the non-
potable system. To accomplish such a plan would involve a project of 
large-scale proportions, though the time and expense could be warranted 
if maximizing reclaimed water became a necessary practice or if deterior
ation of the pipe itself forced its replacement by a new line. The 
existing distribution system will have to be retired eventually, so 
construction now of improved mains could be economically advantageous, 
viewed in the light of rising construction and material costs. 

108 



III. Maintenance Improvements 

The fresh water supply at South Fcim Village could be appreciably increased 
by monitoring and controlling losses from the system. Inoperative and 
inaccurate water meters make any attempt at determining total park con
sumption almost futile. A program to test and repair faulty meters 
would improve not only recordkeeping but the authenticity of data based 
on these records. Too, cyclic maintenance to detect and repair leaks in 
the distribution mains would reduce waste by 20 million gallons of water 
per year. It seems the water rushes down fissures in the limestone 
layer and, consequently, is rarely seen on the surface. Such a program, 
drawn up by park staff to rehabilitate the entire 306,000 feet of mains, 
would extend over a 30-year period and require 270 man-days of labor per 
year. Common belief is that the joints and seals connecting the pipes, 
not the pipes themselves, are seriously worn and allowing the heavy 
losses. Water-saving plumbing fixtures would help conserve water, as 
would a campaign to promote reasonable water conservation habits. A 
combination of all or some of these proposals could contribute valuable 
water to the potable system and perhaps lessen the detrimental impacts 
at some related point in this system. 

Reclaimed Water Alternatives 

The reclamation of wastewater for non-potable uses on the South Rim of 
the Grand Canyon began with the operation of the wastewater treatment 
plant built by the Santa Fe Railroad Company in 1926. This water has 
traditionally been used for such purposes as flush water, car washing, 
and irrigation, supplying 7-10 percent of total potable water use or 
around 9.0 million gallons per year. In 1972 a new activated sludge 
treatment plant was constructed to replace the old plant and, now being 
located separately, the effluent diverted for reclamation must be pumped 
to the old facility for filtration and chlorination. These two latter 
processes constitute final treatment of the water before distribution 
for non-potable demands. While an average of 110 million gallons of 
wastewater are processed annually, only 9 million gallons are reclaimed. 
With minor modifications, the present facilities could reclaim virtually 
all of the wastewater, but major improvements to distribution and 
storage systems would be required in order to use the additional reclaimed 
water. The fresh water supplies, made available for potable purposes 
because of increased reclamation, are considered here as supplements to 
the primary supply. This means the additional day-visitation capacity 
attributed to the proposal assumes that base demands will be met by the 
primary supply. 

I. Abandon Reclamation 

Elimination of the reclamation plant would directly affect the potable 
water supply, since this system would be forced to accommodate those 
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utilities deprived of water. The additional load on the fresh water 
supply would be 8-10 million gallons per year or a flow requirement of 
17 gpm. Various sources and means of producing potable water to meet 
this demand are discussed in this report. Storage capacity on the rim 
could be expanded by 1.5 million gallons for equalization through the 
summer, the flow rate to the distribution system could be increased, or 
stopping the 20 million gallons of leakage from distribution mains could 
be undertaken. Man-hours allocated to the operation and maintenance of 
the reclaimed water facility could be distributed to other priorities, 
following its shutdown. The decrease in the daily capacity of day 
visitors would be 3,800 people. 

II. Continue Reclamation at Present Level 

Treatment of water for reuse as a non-potable water supply can certainly 
continue as is, though improvements can be cited. For instance, CH„M & 
Hill, in their study, made definite comments on the inefficient and 
ineffective operation of the filters and chlorinators and suggested 
needed refurbishing. Such attention would allow for a longer life 
expectancy of the system and ensure the preservation of the plant as an 
historic site. The possibility of constructing a new modern reclamation 
plant, coupled with the existing sewage treatment plant, might also be 
examined. If no increase of non-potable water production were required, 
current capacity might be used as a design parameter, though the filtra
tion and chlorination processes could be updated and modified as the 
state-of-the art advised. Details regarding this proposal can be found 
in CH M & Hill's report. No change in storage or flow rate would be 
necessary for this alternative. 

III. Expand Reclamation to New Yavapai Units 

The production of reclaimed water is presently dependent upon demand, 
not on plant capacity, for the present operation could process virtually 
all the effluent from the sewage treatment plant. Adding services 
to this alternate supply is not limited by production capacity. So 
expansion to the new Yavapai Lodge units is quite feasible in view of 
the fact that the toilets there are presently dual plumbed to receive 
reclaimed water. However, the non-potable water distribution mains do 
not extend to nor even approach these units. Additional distribution 
lines, storage facilities and pressure systems would be needed. Hookup 
of these facilities with the reclaimed distribution system could reserve 
as much as 350,000 gallons per month of operation, which is an average 
of 8 months per year and the yearly total equals 2.8 million gallons. 
This extra water could accommodate 1,700 more day-visitors per day while 
these units were open. The project involved would be of major proportions, 
but could entail connecting other facilities including campground restrooms 
and employee residences in order to justify the economic and environmental 
repercussions. 
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IV. Expand Reclamation to Include Laundries 

In the past, Fred Harvey operated a single laundry facility for all its 
lodges, but in the last year or two they have decentralized this procedure 
by locating the laundries separately. There is now one at the Motor 
Lodge, Yavapai Lodge, and the El Tovar Hotel. Water obtained from the 
potable supply is treated at each individual facility to reduce hardness. 
And because the quality, in particular the degree of hardness, of the 
potable and non-potable supplies is nearly identical, a similar softening 
process could be employed if reclaimed water was used. Additional 
treatment to remove total dissolved solids would be required, depending 
upon whether or not filtration at the reclamation plant remained below 
standard, and could be performed by the lime-soda ash process or a 
comparable coagulant. Such treatment could continue to be provided at 
the laundry site or executed at the reclamation plant for all the water. 
Tying these laundries in to the non-potable system would produce an 
extra 8.5 million gallons per year or 16.2 gpm potable supply. This 
figure is estimated to be the same as total flush water or 5.5 percent 
of total water production, which for 1976 was 155.0 million gallons. 
With this freshwater supplement, 3,600 more day-visitors could be 
supported each day. 

Generally, water for use in laundries must meet potable water standards. 
With the scattered location of laundry facilities, the problems associated 
with treating the reclaimed water to this standard at the individual 
laundries or converting the entire reclaimed water system to this level 
of treatment probably precludes conversion of the laundry facilities to 
the use of reclaimed water. Should the concessioner return to a single 
laundry the feasibility of using reclaimed water should again be explored. 

V. Maximum Reclamation 

Maximum reclamation refers to the expansion of the non-potable water 
system to include the new Motor Lodge and Yavapai Lodge units, campground 
restrooms, employee residences and all laundry facilities if feasible. 
A combined total of 11.3 million gallons per year or a combined flow 
rate of 24 gpm would release an equal amount of fresh water for potable 
demands. It could be necessary to improve the treatment efficiency and 
operation of the reclamation plant; however, the restrooms could be 
serviced by the non-potable distribution network under current conditions. 
An additional day-visitor allowance per day would equal 5,300 and per 
year approximately 2.0 million people. 
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VI. Recycle Water 

The complete recycle of wastewater to be used for potable purposes, 
though not a revolutionary idea, is still ahead of its time in practice. 
The Environmental Protection Agency in no way supports direct inter
connection of municipal water treatment plants with wastewater reclamation 
plants. And EPA contends that the correlation of virus occurrence with 
existing indicators is uncertain and, together with the absence of 
adequate monitoring techniques and lack of data, prompt their negative 
reaction. In the light of this information, it is not difficult to 
realize why public acceptance of such a proposal would be nearly impos
sible. Nevertheless, CH„M & Hill submitted plans for a 0.5 million 
gallon per day advanced wastewater treatment plant followed by a 500 
acre-foot detention reservoir and a water treatment facility. The 
reservoir would serve as a mixing basin for water from a fresh source as 
well as stimulating those biological processes necessary for the elimi
nation or breakdown of viruses. Problems arise from contaminants 
causing chronic effects with their chances being carcinogenic, mutagenic, 
or teratogenic. The EPA admits that the blending of waters in reservoirs 
may be acceptable once it has been shown that it is not hazardous to 
health. The adoption of this alternative would mean that fresh water 
coming from Roaring Springs would be used primarily as dilution water 
for the reservoir and that this mixture of water would supply all 
potable and non-potable water demands. While probably not feasible 
at this time, future technology may allow acceptance of recycled water 
for human consumption. 

Desert View-East Rim Drive Alternatives 

The water supply system to utilities along East Rim Drive and in Desert 
View includes a water-transporter truck of 6,000 gallon capacity, 
serving Desert View, a 2,000 gallon truck serving Yaki Point and Tusayan 
Ruins, a 90,000 gallon storage tank at Desert View, storage tanks of 
various sizes at other facilities, and a distribution system in Desert 
View to service park and concessioner operations and housing. In 1965 
construction began on a water line from the Mather Point storage tanks 
and was completed to a point approximately six miles from its destination 
in Desert View. For a time water was drawn from a standpipe installed 
in the vicinity of Buggeln Hill and transported the remainder of the 
distance to Desert View by truck. However, this operation was discontinued 
when water, frozen in the line during a past winter, caused extensive 
damage, still not repaired. If this line were to be used again, maximum 
supply would be governed by the pump capacity of 120 gpm and intermediate 
supplies would be subject to production up to the South Rim Village. 
The latter is the case, since it is from this village distribution 
system that the diversion for Desert View would be taken. 
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I. Continue Hauling 

During peak summer months, the 6000-gallon transporter truck makes three 
52-mile trips each day, delivering a total of 18,000 gallons of water to 
the Desert View storage tank. The cost of this operation to the park, 
computed from their data, is $8.80/1,000 gallons and the charge to the 
concessioner is $13.30/1,000 gallons. From this economic standpoint, it 
is advantageous to persist in this practice. Total delivery, based upon 
the current schedule of 5 days per week for 5 months and 4 days per week 
for 7 months, equals 3.4 million gallons of water for the year, with 
demands running about 1.9 million gallons. Even if approved expansion 
of the campground required 320,000 gallons per year per additional 
50 sites, the extra burden would be slight and easily accommodated by an 
adjustment to the delivery schedule and additional storage capacity at 
Desert View. 

II. Increase Storage At Desert View 

Additional storage at Desert View has been proposed for many years. A 
site for a 500,000 gallon storage tank to replace the old 90,000 gallon 
tank has previously been identified. Future storage needs may be 
greater as more visitation occurs on the East Rim Drive and at Desert View, 
but a 500,000 gallon storage tank would reduce the need to haul water 
during the summer visitation season when the slow moving water truck 
causes considerable congestion. It would also allow replenishing this 
supply during the winter months when excess water is available, rather 
than drawing from the village storage system during the critical summer 
months. 

III. Repair Desert View Water Line to Standpipe 

It might be favorable to use the Desert View water line up to the stand-
pipe at Buggeln Hill, if either the logistics or the economics of trans
porting water is seriously affected by increased visitation or visitor 
facilities there in the future. Provision, then, would have to be made 
for a large-scale rehabilitation program that would detect breaks in the 
pipeline and repair them according to standard specifications. Too, it 
may be found that drain valves do not exist, so these should be installed 
to allow the line to be drained in the winter, thus avoiding the previous 
destructive experience of water freezing in the line. Having this pipe
line functional to the standpipe would mean that in the summer the water 
truck would make round trips of 20 miles rather than 52-mile trips, but 
again, in winter hauling from the Mather storage tanks would resume. 
Water service could be extended to Yaki Point, which has a requirement 
of 0.35 million gallons per year, and the line could be laid above or 
below ground, whatever is determined more practical. The pump for this 
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line is located at the tank farm and is currently ready for duty. 
Performing at its optimum 120 gpm pump rate, this pump could effectively 
deliver 172,800 gallons for a summer day and provide for 26,000 day-
visitors after meeting demands. 

IV. Complete and Repair Line to Tusayan Ruins 

Tusayan Ruins are situated 2% miles northeast of the end point of the 
Desert View pipeline, by way of the pipeline course. Installing and 
refurbishing the line to the ruins would substantially decrease water 
transport travel from 52 miles per round trip to Desert View to about 
10 miles and would reduce transportation costs by $1.43/1,000 gallons of 
water. As before, pumping would continue throughout the warmer months 
at a rate of 120 gpm and would be regulated by consumption and storage 
volumes. Accommodating the water fixtures at Tusayan Ruins would 
involve hooking up the fountain and comfort stations, providing more 
storage, and construction of a standpipe to fill the water truck. A 
policy to pump only at a rate sufficient to keep the line pressurized 
could eliminate the need for additional storage. To maintain a full 
line should not be difficult, since the 6,000 gallons the water truck 
removes takes only 50 minutes to replace. 

Several options regarding pipe material and methods for laying the pipe
line are feasible. A plastic line, suitably colored to blend with its 
surroundings, could be laid aboveground and though exposure to natural 
phenomena such as sunlight, storms, and animals could be installed with 
a protective casing and the costs incurred would be minimal. Otherwise, 
burying a cast iron pipeline, patterned after existing conditions, could 
be done at a somewhat higher cost of approximately $30 per linear foot 
or $396,000 total. 

V. Complete and Repair Pipeline to Desert View 

Plans and drawings are currently available which define the project of 
completing the six miles of water line to Desert View. The path along 
which the cast iron pipe would travel has previously been surveyed, as 
has the site for the 500,000 gallon storage tank at the line's conclusion. 
Detection and rehabilitation of all leaks and failures in the existing 
pipeline could coincide with proposed construction to expedite its full 
operation. Lines servicing utilities at Yaki Point and Tusayan Ruins 
could meet demands of 0.35 million gal./year and 0.47 million gal./year, 
respectively, and would eliminate entirely the hauling of water along 
East Rim Drive. The yearly use at Desert View of an estimated 1.9 million 
gallons would easily be provided for, plus any potential expansion of 
the campground there at a rate of 320,000 gallons per year per addi
tional 50 sites. Combining the East Rim Drive demands with those at 
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Desert View yields 18,200 gpd for a summer day or 12.6 gpm. This diversion 
from the village distrihution system is slight and could be produced 
under the present system if, perhaps, the leakage from the village 
distribution mains was stopped. 

Additional Water Sources 

I. Deep Wells and Springs 

Potentials exist, and are presently being exploited, for the production 
of water from wells and springs in the Moqui-Tusayan area. Available 
records of 11 wells, several of which have dried up, show that the 
depths of these wells range from 514 to 1,275 feet. Groundwater is 
normally encountered in aquifers flowing through the Toroweap and Coco- -
nino formations. Certain conclusions were formulated by Errol L. Montgomery 
in his discussion on groundwater conditions and potential yield of wells 
in this region: little water is stored in the base of the Coconino 
Sandstone as a result of the underlying aquifers rupturing; fracturing 
and solutioning activity has created favorable conditions for development 
of large amounts of groundwater via properly located and constructed 
wells into the Redwall-Temple Butte-Muav aquifer; and after several 
years of pumpage, the two McAfee-Meeks wells (approximately 2 miles 
south of Tusayan) had problems with declining water levels and caving 
which caused their termination. It appears that development by the 
park of a groundwater source within the park or outside the park boundary 
would be contingent on the Transcanyon Pipeline or associated facilities 
experiencing a major disaster or as an additional source to serve 
increasing visitation when all park sources have been utilized. 

The two recommendations cited by Mr. Montgomery in his report involved 
abandoning the five Moqui wells and drilling a test hole in the Moqui-
Tusayan area to determine the productivity of the Redwall-Temple Butte-
Muav aquifer. If satisfactory results are obtained, ensuring a safe 
yield of significant proportions year-round, construction of the well 
could be approved. Since the majority of the wells projecting down only 
to the Toroweap Formation suffer severe drawdown, low production, and 
short lifespans, penetration of a well designed to deliver a substantial 
flow should be to the Muav Limestone. The distance below the surface is 
estimated to be 2,500-3,000 feet and its thickness 415 feet. Two promising 
locations for wells have already been suggested in a study by Jon Haman 
entitled "Geology and Analysis of Groundwater Potential in the Grand 
Canyon Village-Tusayan Area, Northern Arizona": the northeast corner 
formed by the intersection of Skinner Syncline and Vishnu Fault, and 

1. "Groundwater Conditions and Potential Yield of Wells, 
Moqui-Tusayan Area, Coconino County, Arizona." 

116 



along either side of Bright Angel Fault, intercepting the same water 
that eventually surfaces at Indian Gardens. Whether or not interception 
of groundwater above Indian Gardens is permissible is a legal question 
that must be addressed. 

Instead of or in addition to constructing new wells for water production, 
the park might investigate a proposal outlined by Mr. Montgomery to 
rehabilitate the McAfee-Meeks No. 1 and No. 2 wells, located in the 
Moqui-Tusayan area. Rehabilitation, as recommended, would entail removing 
the pump, bailing, and resetting the pump, plus extension of the wells 
to Muav Limestone, which appears to be 2,500-3,000 feet down. The 
approximate minimum cost of such a project is $1,500 per well, without 
further penetration. Not extending the well's depth, however, would 
make any refurbishing pointless, because low production would defeat the 
economical benefit. When in operation, the pump rates for the McAfee-
Meeks No. 1 and No. 2 wells, drilled to the Toroweap Formation, were 
4.5 gpm and less than 0.1 gpm, respectively. 

Planning and decisions directed at resolving the dilemma, by drilling or 
rehabilitating wells beyond Park Service property, should be careful to 
include an examination of the possible legal right of local businesses 
to water produced by such a well. Whether exploitation of underground 
water sources be by the park or interests outside the park, the park 
will realize the impact. Possible outcomes could be either as replacement 
or supplemental water supply or perhaps an increase in the park's water 
demand caused by a reaction in day-use visitation to new accommodations 
outside the park. 

II. Roof Catchments 

A supply alternative for local usage is the collecting and storing of 
rainwater that gathers on the roof of the maintenance building, located 
on Albright Avenue. Roof area is 18,000 square feet and the surrounding 
surface area is three times the roof, though problems would arise with 
silt and sediment in filtering this latter source. Additional structures 
proposed for the maintenance area will reduce the surface area but could 
substantially increase the roof collection area. Average rainfall over 
the summer thunderstorm season is 1.87 inches and will produce 2,800 
cubic feet or 21,000 gallons of water per month. This water could be 
stored in an underground tank located just west of the building and 
utilized for shuttle, bus, and car washing and other utility purposes. 
(The use of reclaimed water is undesirable because of the film it leaves 
on the vehicle.) The present shuttle bus washing facility uses fresh 
water which is reclaimed within the facility. Substitution of water 
from a catchment system for the potable water presently used would 
result in minimal savings. If more water is available than can be 
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consumed at the maintenance yard, perhaps the water could be distributed 
to the resident community for irrigation purposes. An extensive 
distribution network should be avoided, however, because the cost 
involved would offset the advantages of this supplemental supply. 
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SOUTH RIM STORAGE REQUIREMENTS 

Water storage in the South Rim Village of the Grand Canyon totals 
13.3 million gallons currently. Five aboveground steel tanks, holding 
13 million gallons, are located in the trailer village area, and these 
service the lower pressure zone. The upper pressure zone is provided 
for by a 300,000 gallon storage tank at Mather Point. Allowing for an 
emergency storage capacity of 3.5 million gallons leaves 9.8 million 
gallons for equalizing storage, which is reserved for times when peak 
demands exceed the maximum supply of 450 gpm. Existing emergency 
storage could meet the demands of seven summer days, assuming high usage 
of 615,000 gpd in August. Storage for fire protection is now included 
in the emergency and equalizing storage figures; however, the Insurance 
Services Office recommends (from the CH M & Hill study) a separate 
reserve to provide three-hour fire protection at 3,000 gpm or a storage 
of 500,000 gallons. Action directed at improving fire safety and 
emergency reserve capacities should allow for 0.5 million gallon storage 
in both the upper and lower pressure zones and 7.0 million gallon 
storage to accommodate a two-week period of power outage during peak 
season. Total reserves, then, would equal 8.0 million gallons, leaving 
5.3 million gallons for equalizing storage. Cited previously, critical 
demands were shown to be 615,000 gpd or 427 gpm for August of 1976. 
Therefore, if the pump is in good condition and operating at its standard 
output of 450 gpm, at no time should the equalizing reserves be re
quired. Actual practice does rely on this 5.3 million gallons when the 
pump rate falls below summer demands because of gradual wear on the 
rotating element and also when the pump is turned off in the winter. By 
noting an average of park demands for the months December through March, 
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the pump can remain off for 26 days before depleting the 5.3 million 
gallons. 

Additional Emergency Storage by 2000: Base water demands for the South 
Rim in the year 2000 will be an estimated 612,500 gallons per day, 
averaged over the summer months June through September. If planning 
guidelines recommend that emergency reserves support park and conces
sioner operations through a two-week power failure, 9.0 million gallons 
of storage would be required. Together with the 1.0 million gallons of 
fire protection storage, as suggested by the Insurance Services Office, 
total reserves equal 10.0 million gallons. Equalization storage is 
forecasted separately for those supply alternatives whose flow rates 
fall below 550 gpm. This is the adjusted supply needed to just equal 
base demands of 638,700 gpm during peak use. Equalization storage for a 
day-visitor population is computed for the critical months July and 
August by estimating numbers of day-visitors and multiplying these by 
the use rate, 6.5 gallons per person. Water reserves for day-visitors 
are calculated only for proposals where demands exceed supply. 

Desert View Storage: As previously discussed, additional storage 
is needed at Desert View. A 500,000 gallon tank has been proposed to 
meet present needs. Filling this tank during the winter months would 
reduce the need to haul water during the summer. This would, in effect, 
provide additional equalization storage to supply the Village since less 
water would be drawn from the village storage system for hauling to 
Desert View. 

Additional Storage in the Village: In addition to the storage required 
for emergency and fire reserves, there appears to be a current need 
for 2 million gallons of additional equalization storage to meet peak 
summer demands. This additional storage need could be eliminated by 
adopting one or more of the previous alternatives to increase the 
potable water supply. However, these other alternatives require fur
ther studies and implementation could require a number of years. 
The immediate construction of an additional 2 million gallons of storage 
would give some relief to the peak season water shortage. 
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ALTERNATIVE WATER MANAGEMENT PLANS 

The following five alternative plans combine some of the previously 
discussed alternatives to illustrate the interrelationship of various 
actions which increase supply and reduce potable water basic demands. 
The plans all assume an annual visitation of 4 million, of which 3 
million are day-visitors. The 1976 distribution of visitors throughout 
the year has been used in all the alternatives, although projections 
indicate that off-season visitation will probably increase with a 
resulting increase in water demand. The alternatives indicate the water 
demand rates and supply capabilities for bi-monthly periods, the periods 
when water must be drawn from storage, the periods when surplus (unpumped) 
water could be available, and the additional storage required to meet 
peak demands. Where unpumped water is indicated, the additional number 
of day-visitors which could be served (after allowing for replenishment 
of emergency reserves) is also indicated. However, the seasonal distri
bution of day-visitors would not necessarily coincide with periods of 
unpumped water and additional equalization storage would probably be 
required. Also, increases in overnight visitation will occur, reducing 
the water available for day-visitors. 

Since there are so many variables which could affect water demand and 
storage requirements, we have used the common factors discussed above to 
present the clearest picture of the effects of certain actions. As the 
range of alternatives are narrowed and/or a particular course of action 
is selected, a similar series of projections based on visitation pattern 
variations can be developed. 
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The day-visitation figures used differ from the ROMA projections in that 
we have assumed a higher percentage of day-visitors. The ROMA projec
tions indicate an excess demand for overnight facilities which will not 
be met within the park. We have assumed that these visitors who wish to 
stay overnight but cannot be accommodated in the park will become day-
visitors. However, as ROMA has indicated, if Tusayan continues to 
expand to meet the overnight demand, these visitors staying at Tusayan 
will tend to spend more time in the park, use more facilities, and thus 
consume more water. 

Preceding the water management plan alternatives is a table illustrating 
the effects on storage requirements at a day-visitation level of 4 
million in the year 2000 if there are no improvements to the present 
basic supply system. 

One problem should be re-emphasized. The bi-monthly meter readings, the 
timing of meter readings, and the inaccuracies of the meters themselves 
make it difficult to correlate visitation records (which also contain 
inaccuracies) with water consumption records. Improved metering methods 
would help resolve some of the inconsistencies. However, the study team 
has not been able to develop a "workable" method to improve visitation 
records especially the day-visitor count. The only accurate way to 
count visitors would require staffing entrance stations 24 hours a day 
every day of the year and actually counting every person entering and 
leaving the park - a costly operation for the minimum statistical 
benefits derived. 

At the end of each alternative the potential total annual visitation is 
indicated. This figure assumes a constant of one million overnight 
visitors with the balance being day-visitors. In reality, the number of 
overnight visitors would increase, base water demands would change, and 
the total number of visitors which could be supplied with water would be 
less than the indicated figure. The figure is included only as a simple 
way to summarize the impacts of the various alternatives. 
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YEAR 2000 ANNUAL SUPPLY/DEMAND SUMMARY 
Based on maintaining existing minimum numping rate 

Component 
Transcanyon Pipeline 
Indian Gardens 
Indian Gardens Quality 
Distribution System 
Reclaimed Water 
South Rim Storage 
Desert View 

Deep Wells 

Brief Description 
cyclic maintenance 
status quo 
status quo 
cyclic maintenance to stop leakage 
continue at present level 
add 33.0 million gallons storage 
continue hauling or extend line to 
Desert View 

no wells needed 

Yield 
700 gpm 
420 gpm 

38 gpm 
0 

PUMPING RATE: 420 gallons per minute Annual Day Visitation: 4,000,000 
Annual Overnight Visitation: 1,000,000 

BI-MONTHLY PERIOD " Feb.-Mar. Apr.-May June-July Aug.-Sep. Oct.-Nov. Dec.-Jan.11 Annual 
(no. of days) (59) (61) (61) (61) (61) (62) 

% OF ANNUAL DAY-VISITORS 5.70 15.27 38.68 28.00 7.65 4.70 
PUMP EFFICIENCY 90% 90% 86.6% 80.7% 90% 90% 
MULTIPLIER (no. of days) x 
(minutes per day) x (efficiency .076464 .079056 .076069 .070887 .079056 .080352 
rate) • 1 million 

SUPPLY in millions of gallons 32.11 33.20 31.95 29.77 33.20 33.75 || 193.98 

BASE DEMAND overnight + 15.5 25.4 41.8 45.6 30.8 19.7 || 178.8 
residents + system loss 

IMPROVEMENTS REDUCING DEMAND 
Eliminate System Loss -3.3 -3.3 -3.4 -3.4. -3.3 -3.3 -20.0 

ADJUSTED BASE DEMAND 12.2 22.1 38.4 42.2 27.5 16.4 158.80 

NO. OF DAY-VISITORS IN 2 MONTHS 228,000 610,800 1,547,200 1,120,000 306,000 188,000 4,000,000 
DAY-VISITOR DEMAND @ 6.5 gals. 1.48 3.97 10.06 7.28 1.99 1.22 26.00 

TOTAL DEMAND 13.68 26.07 48.46 49.48 29.49 17.62. 184.80 
SUPPLY less DEMAND (negative no. 18.43 7.13 -16.51 -19.71 3.71 16.13 9.18 
indicates water from storage) 

REPLACED IN STORAGE 16.38 3.71 16.13 36.22 
UNPUMPED 2.05 7.13 0 0 0 0 9.18 

AVERAGE NUMBER DAY-VISITORS/DAY 3,864 10,013 25,364 18,361 5,016 3,032 

ADDITIONAL DAY-VISITORS WHICH COULD BE SERVED BY UNPUMPED WATER: 0 ~ 7 3 

STORAGE REQUIREMENTS: Fire/Emergency Reserves 10.00 million gallons ' 
Equalization Storage 36.22 

Total Required 46.22 
Existing Storage 13.30 
Additional Storage Required 32.92 
Ro""fed -° Provide Safety Factor 33.00 

POTENTIAL TOTAL ANNUAL VISITATION: 5"million 

i — i 
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ALTERNATE 1 -YEAR 2000 ANNUAL SUPPLY/DEMAND SUMMARY 
Component 

Transcanyon Pipeline 

Indian Gardens 
Indian Gardens Quality 
Distribution System 
Reclaimed Water 
South Rim Storage 
Desert View 
Deep Wells 

Brief Description 

repair to withstand additional pressure 
utilize 200 psi residual pressure 
status quo 
cyclic maintenance to stop leakage 
continue at present level 
add 17.0 million gallons storage 
continue hauling 
no wells needed 

Yield 

700 gpm 
500 gpm 

38 gpm 
0 

0 

PUMPING RATE: 500 gallons per minute Annual Day Visitation: 3,000,000 
Annual Overnight Visitation: 1,000,000 

BI-MONTHLY PERIOD Feb.-Mar. Apr.-May June-July Aug.-Sep. Oct.-Nov. Dec.-Jan| Annual 
(no. of days) (59J (f51) (f51) (61) (61) (62*) 

% OF ANNUAL DAY-VISITORS 5.70 15.27 38.68 28.00 7.65 4.70 
PUMP EFFICIENCY 90% 90% 86.6% 80.7% 90% 90% 
MULTIPLIER (no. of days) x 
(minutes per day) x (efficiency .076464 .079056 .076069 .070887 .079056 .080352 
rate) * 1 million 

SUPPLY in millions of gallons 38.23 39.53 38.03 35.44 39.53 40.18 | 230.94 

BASE DEMAND overnight + 15.5 25.4 41.8 45.6 30.8 19.7 I 178.8 
residents + system loss 

IMPROVEMENTS REDUCING DEMAND " 
Eliminate System Loss 3.30 3.30 3.40 3.40 3.30 3.30 20.00 

ADJUSTED BASE DEMAND 12.20 22.107 38.40 .42.20 27.50 16.4 158.80 

NO. OF DAY-VISITORS IN 2 MONTHS 171,000 458,100 1,160,400 840,000 229,500 141,000 ~3,000,000' 
DAY-VISITOR DEMAND (j 6.5 gals. 1.11 2.98 7.54 5.46 1.50 .92 19.51 

TOTAL DEMAND 13.31 25.08 45.94 47.66 29.00 17.32 178.31 
SUPPLY less DEMAND (negative no. 24.92 14.45 -7.91 -12.22 10.53 22.86 52.63 
indicates water from storage) 

REPLACED IN STORAGE 0 0 0 0 10.53 9.6 20.13 
UNPUMPED 24.92 14.45 0 0 0 13.26 52.63 

AVERAGE NUMBER DAY^VISITORS/DAY 2,898 7,509 19,022 13,770 3,762 2,274 

ADDITIONAL DAY-VISITORS WHICH COULD BE SERVED BY UNPUMPED WATER: 6,558,462 • 

STORAGE REQUIREMENTS: Fire/Emergency Reserves 10.00 million gallons 
Equalization Storage 20.13 

Total Required 30.13 
Existing Storage 13.30 
Additional Storage Required 16.83 
Rounded to 17.00 

POTENTIAL TOTAL ANNUAL VITJTTATlON:—10.5 million ' 



ALTERNATE la-YEAR 2000 ANNUAL SUPPLY/DEMAND SUMMARY 
(This alternative illustrates the effect of changing ONE of the numerous variables: 
i.e. changing day-visitor consumption rate from 6.5 gal/day to 10 gal/day) 

Component 
Transcanyon Pipeline 
Indian Gardens 
Indian Gardens Quality 
Distribution System 
Reclaimed Water 
South Rim Storage 
Desert View 
Deep Wells 

Brief Description 
repair to withstand additional pressure 
utilize 200 psi residual pressure 
status quo 
cyclic maintenance to stop leakage 
continue at present level 
add 24.0 million gallons storage 
continue hauling 
no wells needed 

Yield 
700 gpra 
500 gpm 

38 gpm 
0 

0 

PUMPING RATE: 500 gallons per minute Annual Day Visitation: 3,000,000 
Annual Overnight Visitation: 1,000,000 

BI-MONTHLY PERIOD Feb.-Mar. Apr.-May June-July Aug.-Sep. Oct.-Nov. Dec.-Jan. || Annual 
(no. of days) (59) (61) (61_) (61) (61) (62) 

% OF ANNUAL DAY-VISITORS 5.70 15.27 38.68 28.00 7.65 4.70 
PUMP EFFICIENCY 943% 90% 86.6% 80.7% 90% 90% 
MULTIPLIER (no. of days) x 
(minutes per day) x (efficiency .076464 .079056 .076069 .070887 .079056 .080352 
rate) -t- 1 million 

SUPPLY in millions of gallons 38.23 39.53 38.03 35.44 39.53 40.18 || 230.94 

BASE DEMAND overnight + 15.5 25.4 41.8 45.6 30.8 19.7 I 178.8 
residents + system loss 

IMPROVEMENTS REDUCING DEMAND 
Eliminate System Loss 3j_3 3^3 3_;_4 3J< 20 3̂ 3- 20.0 

ADJUSTED BASE DEMAND 12.20 22.10 38.40 42.20 27.50 16.40 158.80 
NO. OF DAY-VISITORS IN 2 MONTHS 171,000 458,100 1,160,400 840,000 229,500 141,000 i,000,000 
DAY-VISITOR DEMAND @ 10 gals. 1.71 4.58 11.60 8.40 2.29 1.41 30.0 

TOTAL DEMAND 13.91 26.68 50.00 50.6 " 29.79 17.81 188.79 
SUPPLY less DEMAND (negative no. 24.32 12.85 -11.97 -15.16 9.74 22.37 42.15 

indicates water from storage) 
REPLACED IN STORAGE 9.74 17.39 27.13 
UNPUMPED 24.32 12.85 0 0 0 4.98 42.15 
AVERAGE NUMBER DAY-VISITORS/DAY 2,898 7,509 19,022 13,770 3,762 2,274 || 
ADDITIONAL DAY-VISITORS WHICH COULD BE SERVED BY UNPUMPED WATER: 3,215,000 

STORAGE REQUIREMENTS: Fire/Emergency Reserves 10.00 million gallons 
Equalization Storage 27.13 

Total Required 37.13 
Existing Storage 13.30 
Additional Storage Required 23.83 
Rounded to 24.00 

POTENTIAL TOTAL ANNUAL VISITATION: 7.2 million 



ALTERNATE 2-YEAR 2000 ANNUAL SUPPLY/DEKAND SUMMARY 

C* 
Component 

Transcanyon Pipeline 
Indian Gardens 
Indian Gardens Quality 
Distribution System 

Reclaimed Water 
South Rim Storage 

Desert View 
Deep Wells 

Brief Description 
repair to withstand additional pressure 
utilize 200 psi residual pressure 
status quo 
lay new potable mains; use existing for 
reclaimed 
maximize use of reclaimed water 
add 12.0 million gallons for day-visitor 
equalization 
continue hauling 
no wells needed 

Yield 
700 gpra 
500 gpm 
0 

38 gpm 
24 gpm 

0 
0 

PUMPING RATE: 500 gallons per minute Annual Day Visitation: 3,000,000 
Annual Overnight Visitation: 1,000,000 

BI-MONTHLY PERIOD " Feb.-Mar. Apr.-May June-July Aug.-Sep. Oct.-Nov. Dec.-Jan. Annual 
(no. of days) (59) (61J (61) (61) (61) (62) 

% OF ANNUAL DAY-VISITORS 5.70 15.27 38.68 28.00 7.65 4.70 
PUMP EFFICIENCY 90Z 90% 86. 6% 80. 7% 90% 90% __ ̂  __ 
MULTIPLIER (no. of days) x 
(minutes per day) x (efficiency .076464 .079056 .076069 .070887 .079056 .080352 
rate) f 1 million 

SUPPLY in millions of gallons 38.23 39.53 38.03 35.44 " 39.53 40.18 230.94 

BASE DEMAND overnight + 1175 25.4 41.8 45.6 30.8 1977 178.8 
residents + systern loss 

IMPROVEMENTS REDUCING DEMAND 
Eliminate System Loss 3.3 3.3 3.4 3.4 3.3 3.3 20.0 
Maximum Reclamation 1SM3 1.60 2.64 2.88 1.94 1.24 11.28 

ADJUSTED BASE DEMAND 11.22 20.5 35.76 39.32 25.56 15.16 147.52 

NO. OF DAY-VIsffORS IN 2 MONTHS 171,000 458,100 1,160,400 840,000 229,500 141,000 3,000,000 
DAY-VISITOR DEMAND "@ 6.5 gals. 1.11 2.98 7.54 5.46 1.50 .92 19.51 

TOTAL DEMAND 12.33 23.48 43.30 44.78 27.06 16.08 167.03 
SUPPLY less DEMAND (negative no. 25.90 16.05 -5.27 -9.34 12.47 24.10 63.91 
indicates water from storage) 

REPLACED IN STORAGE 12.47 2.14 14.61 | 
UNPUMPED 25.90 16.05 0 0 0 21.96 63.91 | 

AVERAGE NUMBER DAY-VISITORS/DAY 2,898 7,509 19,022 13,770 3,762 2,274 

ADDITIONAL DAY-VISITORS wThTCH COULD BE SERVED BY UNPUMPED WATER: 8,293,846 I 

STORAGE REQUIREMENTS: Fire/Emergency Reserves 10.00 million gallons 
Equalization Storage 14.61 

Total Required 24.61 
Existing Storage 13.30 
Additional Storage Required 11.31 

Rounded to 12.000 

POTENTIAL TOTAL ANNUAL VISITATION: 12.3 million 



ALTERNATE 3-YEAR 2000 ANNUAL SUPPLY/DEMAND SUMMARY 

PUMPING RATE: 700 gallons per minute 

Component 
Transcanyon Pipeline 
Indian Gardens 
Indian Gardens Quality 
Distribution System 
Reclaimed Water 

South Rim Storage 
Desert View 
Deep Wells 

Brief Description 
repair to withstand additional pressure 
use entire 700 gpm with additional pump 
status quo 
cyclic maintenance to stop leakage 
maximize use of reclaimed water & other 
conservation measures 
no storage required 
continue hauling or extend pipeline 
no wells needed 

Yield 
700 gpm 
700 gpm 

38 gpm 

34 gpm 

Annual Day Visitation: 3,000,000 
Annual Overnight Visitation: 1,000,000 

BI-MONTHLY PERIOD Feb.-Mar. Apr.-May June-July Aug.-Sep. Oct.-Nov. Dec.-Jan.il Annual 
(no. of days) (59_) (61) (61) (61) (61) (62) 

% OF ANNUAL DAY-VISITORS 5.70 15.27 38.68 28.00 7.65 4.70 
PUMP EFFICIENCY 9<3% SM% 86.6% 80.7% 90% Sn0% 
MULTIPLIER (no. of days) x 
(minutes per day) x (efficiency .076464 .079056 .076069 .070887 .079056 .080352 
rate) T 1 million 

SUPPLY in millions of gallons 53.53 55.34 53.25 49.62 ~ 55.34 56.25 | 323.33 

BASE DEMAND overnight + 15.5 25.4 41.8 45.6 30.8 19.7 II 178.8 
residents + system loss 

IMPROVEMENTS REDUCING DEMAND 
Eliminate System Loss 3.3 3.3 3.4 3.4 3.3 3.3 20.0 
Maximize use of reclaimed 
water & other conservation 
measures U56 2.55 4.21 4.60 3.10 1.98 18.0 

ADJUSTED BASE DEMAND 10.64 19.55 34.19 37.6 24.4 14.42 P 140.8 
NO. OF DAY-VISITORS IN 2 MONTHS 171,000 458,100 1,160,400 840,000 229,500 141,000 ~3,000,000 
DAY-VISITOR DEMAND @ 6.5 gals. 1.11 2.98 7.54 5.46 1.50 .92 19.51 

TOTAL DEMAND 11.75 22.53 41.73 43.06 25.9 15.34 160.31 
SUPPLY less DEMAND (negative no. 41.78 32.81 11.52 6.56 29.44 40.91 163.02 
indicates water from storage) 

REPLACED IN STORAGE 0 
UNPUMPED 41.78 32.81 11.52 6.56 29.44 40.91 163.02 
'AVERAGE NUMBER DAY-VISITORS/DAY 2,898 7,509 19,022 13,770 3,762 2,274 [| 
ADDITIONAL DAY-VISITORS WHICH COULD BE SERVED BY UNPUMPED WATER: 23,541,538 
STORAGE REQUIREMENTS": Fire/Emergency Reserves 10.00 million gallons 

Equalization Storage 0 
Total Required 10.00 

Existing Storage 13.3 
Additional Storage Required 0 
Rounded to O 

POTENTIAL TOTAL ANNUAL VISITATION: 27.5 million 

http://-Jan.il


ALTERNATE 4-YEAR 2000 ANNUAL SUPPLY/DEMAND SUMMARY 

Component 
Transcanyon Pipeline 
Indian Gardens 

Indian Gardens Quality 

Distribution System 
Reclaimed Water 
South Rim Storage 
Desert View 

Deep Wells 

Brief Description 
repair to withstand additional pressure 
combine Garden Creek and overflow with 
existing construction second line to rim, 
plus additional pumps 
relocate facilities away from creek or 
construct underground catchment 
status quo 
continue at present level 
no storage required 
repair line to Buggeln Hill and/or extend to 
Desert View 
no wells needed 

Yield 
700 gpm 

900 gpm 

PUMPING RATE: 900 gallons per minute Annual Day Visitation: 3,000,000 
Annual Overnight Visitation: 1,000,000 

BI-MONTHLY PERIOD Feb.-Mar. Apr.-May June-July Aug.-Sep. Oct.-Nov. Dec.-Jan1 Annual 
(no. of days) (59) (61) (61) (61) 061) (62) 1 

% OF ANNUAL DAY-VISITORS 5.70 15.27 38.68 28.00 7.65 4.70 
PUMP EFFICIENCY 90% 90% 86.6% 80.7% 90% 90% 
MULTIPLIER (no. of days) x 
(minutes per day) x (efficiency .076464 .079056 .076069 .070887 .079056 .080352 
rate) T 1 million 

SUPPLY in millions of gallons 68.82 71.15 68.46 63.8 71.15 72.32|| 415.70" 

BASE DEMAND overnight + 15.5 25.4 41.8 45.6 30.8 19.7 Q 178.8 
residents + system loss 

IMPROVEMENTS REDUCING DEMAND 
NONE ' 

ADJUSTED BASE DEMAND 15.5 25.4 41.8 45.6 30.8 19.7 178.8 

NO. OF DAY-VISITORS IN 2 MONTHS 171,000 458,100 1,160,400 840,000 229,500 141,000 ~~3,000,00C 
DAY-VISITOR DEMAND @ 6• 5 gals. 1.11 2.98 7.54 5.46 1.50 .92 19.51 

TOTAL DEMAND 16.61 28.38 49.34 51.06 32.30 20.62 198.31 
SUPPLY less DEMAND (negative no. 52.21 42.77 19.12 12.74 38.85 51.70 217.39 
indicates water from storage) 
REPLACED IN STORAGE 
UNPUMPED 52.21 42.77 19.12 12.74 38.85 51.70 217.39 

AVERAGE NUMBER DAY-VISITORS/DAY 2,898 7,509 19,022 13,770 3,762 2,274 ' 
ADDITIONAL DAY-VISITORS WHICH COULD BE SERVED BY SURPLUS WATER: 31,906,153 
STORAGE REQUIREMENTS: Fire/Emergency Reserves 10.00 million gallons 

Equalization Storage 0 
Total Required 10.00 

Existing Storage 13.30 
Additional Storage Required 0 
Rounded to Q 

POTENTIAL TOTAL ANNUAL VISITATION: 35.9 million " ~ " 
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ALTERNATE 5-YEAR 2000 SUPPLY/DEMAND SUMMARY 

Component 
Transcanyon Pipeline 
Indian Gardens 
Indian Gardens Quality 
Distribution System 
Reclaimed Water 
South Rim Storage 
Desert View 
Deep Wells 

Brief Description 
expand Transcanyon line to 8" and 10" pipeline 
second line to rim plus additional pumps 
status quo 
cyclic maintenance to stop leakage 
continue at present level 
no additional storage needed 
continue hauling or extend line to Desert View 
no wells needed 

Yield 
1,200 gpm 

PUMPING RATE: 1200 gallons per minute Annual Day Visitation: 3,000,000 
Annual Overnight Visitation: 1,000,000 

BI-MONTHLY PERIOD ~ " "" Feb.-Mar. Apr.-May June-July Aug.-Sep. Oct.-Nov. Dec.-Jan.11 Annual 
(no. of days) (119) (61) (61) (61) (6T) (62) 

% OF ANNUAL DAY-VISITORS 5.70 15.27 38.68 28.00 7_165 A. 70 
PUMP EFFICIENCY 90% 90% 86.6% 80.7% 90% 90% 
MULTIPLIER (no. of days) x 
(minutes per day) x (efficiency .076464 .079056 .076069 .070887 .079056 .080352 
rate) »1 million 

SUPPLY in millions of gallons 91.76 94.87 91.28 85.06 94.87 96.42 | 554.26 

BASE DEMAND overnight + 15\1 25.4 41.8 45.6 30.8 19.7 II 178.8 
residents + system loss 

IMPROVEMENTS REDUCING DEMAND 
Eliminate. System Loss 3/i 20 3Jt 3_;_4 3J3 3_) 20.00 

ADJUSTED BASE DEMAND 12.2 22.1 38.4 42.2 27.5 16.4 158.8 

NO. OF DAY-VISITORS IN 2 MONTHS 171,000 458,100 1,160,400 840,000 229,500 141,000 3,000,000 
DAY-VISITOR DEMAND @ 6.5 gals. 1.11 2.98 7.54 5.46 1.50 .92 19.51 [ 

TOTAL DEMAND 13.31 " 25.08 45.94 47.66 29.00 17.32 178.31 I 
SUPPLY less DEMAND (negative no. 78.45 69.79 45.34 37.40 65.87 79.10 375.95 
indicates water from storage) 

REPLACED IN STORAGE 
UNPUMPED ' 78.45 69.79 45.34 37.40 65.87 79.10 375.95 

AVERAGE NUMBER DAY-VISITORS/DAY 2,898 7,509 19,022 13,770 3,762 2,274 
ADDITIONAL DAY-VISITORS WHICH COULD BE SERVED BY UNPUMPED WATER: 56,300,000 
STORAGE REQUIREMENTS: Fire/Emergency Reserves 10.00 million gallons 

Equalization Storage 0 
Total Required 10.00 

Existing Storage 13.30 
Additional Storage Required 0 
Rounded to 0 

POTENTIAL TOTAL ANNUAL VISITATION: 60.3 million 



APPENDIX 

A Statistics/Computations Used In West Rim/Village Analysis 
B Statistics/Records Used in Preparing Water Management Alternatives 
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APPENDIX A 

STATISTICS/COMPUTATIONS USED IN WEST RIM/VILLAGE ANALYSIS 

Assumptions: Space requirements based on ROMA projections for year 
2000. 70% of use occurs in 10-hour period—100% in 
14-hour period. Restaurants serve 34% of total visitors— 
balance of visitors use fast-food or picnic (or eat 
outside park). Turnover rates based on ROMA studies, 
concessioner statistics, and team observation. 

OVERNIGHT 

Grand Canyon Village 
815 rooms x 2.5 per room = 2,038 
353 campsites x 3.2 per site = 1,130 
146 RV sites x 3.2 per site = 467 

1,419 units 3,635 avg. per night 

1,419 units x 3.5 per unit = 4,967 peak per night 

Tusayan (1978 projections) 
397 rooms x 2.5 per room = 993 
470 camp/RV sites x 3.2 per site = 1,504 
867 units 2,497 avg. per night 

867 units x 3.5 per unit = 3,035 peak per night 

Total Overnight 6,133 avg. per night 
8,002 peak per night 

Tusayan growth rate is projected at 8% which would bring the number of 
overnight units to 1,000 by 1980. If this occurs, total overnight 
visitors would increase to: 

6,466 avg. per night 
8,468 peak per night 

(At an 8% growth rate there would be nearly 5,000 overnight units in 
Tusayan—we consider that rate of continued growth unrealistic and will 
use 1980 estimates.) 

For our calculations we have used 6,000 people per day as overnight 
visitors in the Village. This assumes that some overnight visitors will 
spend only a few hours in the West Rim/Village area but the majority 
will spend at least one full day. More data on the average length of 
stay at overnight units and what people do during their stay is needed 
to fully assess the impact of overnight visitors. 

RESTAURANTS 

Approximately 936 seats exist in the various cafeterias, coffee shops, 
and dining rooms in Grand Canyon Village. Under proposals in the Com-
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prehensive Design, seating would increase to approximately 1,714 plus 
substantial increases in fast-food type of service. Traditionally, the 
sit-down restaurants have served only 34% of the total number of visitors 
and seating projections are based on maintaining this percentage as a 
minimum with fast-food services handling any substantial increase, 
particularly at midday. Turnover rates for the various types of res
taurants were not available although they could be obtained from con
cessioner records. General (and conservative) rates are used in these 
calculations to give a relative idea of restaurant capacity. 

Breakfast 1,714 seats x 3 sittings = 5,142 
Lunch 1.714 seats x 4 sittings = 6,856 
Dinner 1,714 seats x 4 sittings = 6,856 

Total people per day 18,854 

If only 34% of visitors continue to use restaurant facilities, the total 
people per day served in restaurants would represent a daily visitation 
of 55,453. As visitation increases, turnover rates and percentage of 
visitors served will require careful analysis as planning for additional 
restaurant facilities proceeds. 

CURIO SHOPS 

Number two on the ROMA list of places visited (the rim was number one), curio 
shops are a major attraction. Although the sale of junk curios is 
deplored by many people, the high profit level allows other services 
(food and lodging) to remain at more modest levels. The Comprehensive 
Design allows for expansion of curio shops for two reasons—to meet 
demand and to reduce congestion by distributing curio sales throughout 
the Village. ROMA studies indicate an average stay of only 20 minutes 
in a curio shop. We assume (but do not know) that people visit several 
shops. ROMA projects 29,800 square feet of curio sales space by the 
year 2000. Allowing 20 square feet per person (crowded), the shops 
could serve 1,490 people at one time, 4,470 people per hour, and 44,700 
people in a 10-hour day. We will round that to 45,000 per day for our 
computations. Additional people could be served during a longer day, 
but we have assumed that additional use would be repeat visitation. 

INTERPRETIVE FACILITIES 

The Comprehensive Design calls for three interpretive centers in Grand 
Canyon Village. The main complex would be at Yavapai Point, a history 
center in the old power house, and an Inner Canyon center in the old 
Kolb Studio. The present visitor center would no longer be used for 
visitor information, backcountry permits, or exhibits. Although the 
need for and location of interpretive centers should be further ad
dressed in an Interpretive Prospectus, the figures from the Comprehensive 
Design have been the basis for assumptions in this report. 
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Projected visitor space in the three interpretive centers would be 
approximately 25,600 square feet. Allowing 25 square feet per person 
(moderately crowded), the centers could handle 1,024 people at one time. 
Adequate data on the turnover rate at present facilities was not avail
able. From limited observation we concluded that the average person 
stayed about 20 minutes but some visitors stayed over an hour at both 
the Yavapai Point Museum and the visitor center. We have selected a 
turnover rate of 45 minutes for the proposed interpretive centers based 
on the assumption that improved quality will increase the average length 
of stay. 

With a 45-minute turnover approximately 1,400 people per hour could 
visit the interpretive facilities—14,000 in a 10-hour day—19,600 in a 
14-hour day. Actual computations are slightly less than the above— 
13,699 people in a 10-hour day. If people go to more than one inter
pretive center, the number of different people served could be consider
ably less. We will use the 10-hour figure, assuming that the 14-hour 
day will allow for multiple visits. 

VIEWING AREAS ON VILLAGE RIM 

Computations for rim capacity are discussed in the text. The capacity 
of the rim was calculated in broad terms assuming maximum use as an 
objective. As visitation increases, use along the rim should be observed 
to determine which areas attract the most visitors and which areas serve 
primarily as transition zones. There may be some areas which can be 
modified to hold more visitors, but capacity should be evaluated based 
on further observations. The trail from rim to visitor center was not 
included since use would be relatively low when public functions are 
relocated out of the visitor center. The capacity of Yavapai Point is 
not included—it is assumed that it will be used to capacity by persons 
visiting the interpretive center. A trail from Yavapai Point to Mather 
Point has not been included since the location of parking/reception 
centers has not been determined. 

TRANSPORTATION SYSTEMS 

Computations for the transportation systems are discussed in the text. 
We have assumed that the capacity of the systems could be increased up 
to a particular level of service for the West Rim Drive and Village. 
Until the Comprehensive Design is implemented, the Village is free of 
cars, visitors are dependent upon the transportation system, and visitor 
use patterns under these conditions are evaluated, the true capacity of 
a transit system cannot be determined. 

OTHER FACILITIES 

The general store, gas station, garage, laundry, cocktail lounges, 
Canyon Guides, etc., etc. will all absorb a percentage of visitors 
throughout the day. The number of people at one time and the rate of 
turnover would be highly variable and there is no real data on the use 
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of these facilities. These facilities have a combined area of approx
imately 60,000 square feet. Using 25 square feet per person, the facil
ities could hold 2,400 people at one time. An arbitrary stay of 45 minutes 
has been selected—it would be longer at the laundry—less at the gas 
station. Also, use levels fluctuate throughout the day—we have assumed 
that these facilities would be used at capacity only 50% of the day, 
giving us a daily capacity of 15,984 people (2,400 x 6.66). Longer 
hours of use and/or increased levels of use will allow these facilities 
to serve more visitors. 

OTHER 

Throughout the area there will be a number of visitors in transition who 
will not fall into any of the above categories. These people may still 
be in their rooms or RV's, checking out, walking to a bus stop or along 
another trail, or just sitting in a lodge lobby or one of the proposed 
outdoor lobbies. We have used an arbitrary estimate of 20%, recognizing 
that the actual factor would vary considerably throughout the day. 

ACCESS ROADS/PARKING 

If the concept of central parking areas is implemented, access to the 
Village from the south should not become a constraint on visitation. We 
assume that access roads could be improved, if needed, to handle the 
flow of traffic. Approximately 1,400 day-use parking spaces now exist 
in the Village and approximately 900 of these would be eliminated when 
the Comprehensive Design is implemented. These spaces would be replaced 
by central parking facilities with easy access from main roads. 
If the Comprehensive Design is not implemented and parking remains 
scattered throughout the Village, the park road system and congestion 
throughout the area will become a constraint on total visitation— 
we can envision a time when cars are backed up to Tusayan and the line 
moves only when someone vacates a parking space. 

The Arizona Department of Trensportation has calculated the average 
capacity of park roads as 1,083 cars per hour. This equates to 10,830 
cars in 10 hours and 15,162 cars in 14 hours. At 3.2 persons per car, 
the roads would handle between 34,000 and 48,000 people per day. This 
ignores off-peak arrivals and tour bus loads. This road capacity is an 
average of park roads. The capacity of a main access road to a central 
parking facility should be substantially greater. 
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WEST RIM SHUTTLE SYSTEM CAPACITY CALCULATIONS 

Hours of operation: 7 a.m. to 7 p.m. (plus two specials—5:30 a.m. and 

9:00 p.m.) 

Headway: 5-minute intervals 

Number of busses: 18 plus reserves for breakdown 

Total runs per day: 157 (plus two specials and sunset runs) 

Maximum Capacity—all busses full 

3-section busses—160 capacity 2-section busses—100 capacity 
157 runs x 160 = 25,120 157 runs x 100 = 15,700 

Reduced Capacity—busses operating full from 9:30 to 4:00 and 6:00 to 
7:00—47 runs not full—110 runs full 

3-section busses—160 capacity 2-section busses—100 capacity 
47 runs x 100 = 4,700 47 runs x 100 = 4,700 
110 runs x 160 = 17,600 110 runs x 100 = 11,000 

Daily total 22,300 Daily total 15,700 

Assume transit system will carry 15,000 to 20,000 people per day to the 
West Rim. 
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APPENDIX B 

STATISTICS/RECORDS USED IN PREPARING WATER MANAGEMENT ALTERNATIVES 

Table 1. Room Records for June-September 1976 

Lodge 

El Tovar 
INCLUDES 
KACHINA 

Bright Angel 
INCLUDES 
THUNDERBIRD 

Motor Lodge 

Yavapai 

Trailer Village 

Campground'0 

Total Overnight 
Total Rooms Sol 

(does not inc 
Camp) 

rooms 

people 

rooms 

people 

rooms 
people 

rooms 
people 

rooms 
people 

people 

Guests 
d 
lude 

June 

3,595 

8,226 

3,837 

9,396 

4,379 
11,312 

10,576 
23,760 

3,370 
6,740 

31,770 

91,204 

25,757 

July 

3,764 

9,204 

4,177 

10,699 

4,543 
10,818 

10,938 
25,228 

3,270 
6,597 

32,829 

95,375 

26,692 

August 

3,748 

9,193 

4,171 

10,432 

4,564 
11,199 

10,937 
23,876 

3,229 
6,598 

32,829 

94,127 

26,649 

Sept. 

3,587 

7,463 

3,960 

8,594 

3,723 
8,094 

10,534 
20,873 

2,960 
5,779 

31,770 

82,573 

24,764 

People/ 
Room 

2.3 

2.4 

2.4 

2.2 

2.0 

3.0 

Number 
of : 
Units 

85 

49 

97 

55 

171 

358 
815 

146 

353 

1,314 

Percent 
Full 

91 

89 

83 

98 

73 

100 

*No exact count available; assumption of 100% occupancy of sites with 
3.0 people per site. 
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Table 2. Water Use Calculations 1976 

(Total Water) - (Guest + Restaurant + Laundry) = (Day-Visitor Water) 
Water Water Water 

El Tovar June July August September 

Total Water 1,698,600 1,443,800 1,692,400 1,517,700 
Guest Water for hotel use - 291,975 - 321,470 - 322,788 - 260,100 
Restaurant Water for hotel 
guests - 221,230 - 244,190 - 252,890 - 228,830 

Laundry Water - 227,970 - 246,636 - 245,582 - 227,460 

Surplus - Day-Visitor Use 957,425 631,504 871,140 801,310 

Table 3. 

(Total Water) - (Guest and Restaurant Water) = (Day-Visitor Water) 

Bright Angel June July August September 

Total Water 1,169,800 1,534,800 2,028,400 1,529,000 

Guest Water - 293,677 - 330,530 - 330,169 - 303,106 
Restaurant Water - 610,480 - 685,150 - 670,660 - 470,520 

Surplus - Day-Visitor Use 265,643 519,120 102,751 755,374 

Table 4. 

(Visitor + Museum) x (Day-Visitor Percent) = (Day-Visitor Water) 
Center Water 

Comfort Stations June July August September 

Visitor Center Water 180,290 271,380 340,860 183,540 
Yavapai Museum Water 62,392 93,588 136,090 73,280 

Total Day-Visitor Water* 184,438 291,974 367,252 161,797 

*This total based on day-visitation percent (from Table 5) of total 
visitation. 
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Table 5. Visitation Records, 1976. 

(Total Visitors) - (Total Guests) = (Day-Visitors) 

Day-Visitors = Day-Visitor Percent 
Total Visitors 

June July August September 

Total Visitors 421,003 526,278 441,220 243,533 
Total Guests (from Table 1) - 91,204 - 95,375 - 94,127 - 82,573 
Day-Visitors 329,799 430,903 347,093 160,960 
Day-Visitor Percent of Total 76% 80% 77% 63% 

Table 6. Total Water Attributed to Day-Visitor 

El Tovar + Bright Angel + Comfort Stations = Total Day-Visitor Water 

Facility June July August September 

El Tovar 957,425 631,504 871,140 801,310 
Bright Angel 265,643 519,120 1,027,571 755,374 
Visitor Center RR 
Yavapai Museum RR 184,438 291,974 367,252 161,797 

Total Day-Visitor Water 1,407,506 1,442,598 2,265,963 1,718,481 

Table 7. Day-Visitor Water Use Rate 

Total Day-Visitor Water = Day-Visitor Use Rate 
Total Day-Visitors 

June July August September 

Total Day-Visitor Water 1,407,506 1,442,598 2,265,963 1,718,481 
Total Day-Visitors 329,799 430,903 347,093 160,960 

Day-Visitor Water Use 4.27 3.35 6.53 10.68 

Average Day Use = 6.20 gal./day-visitor 
Rounded Day Use = 6.50 gal./day-visitor 
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Table 8. Restaurant Water Use 

Water Use * Meals Served = Water Used Per Meal 

Yavapai Office June July August September 

Water Use 352,400 364,400 473,500 404,400 

Meals Served 46,475 52,303 48,919 38,840 

Water Used Per Meal 7.58 10.79 13.77 10.41 

Average Water Used Per Meal = 10.6 gal. 

Table 9. Hotel/Motel Water Use 

Water Use T People Accommodated = Water Use Per Person 

Kachina Lodge June July August September 

Water Use 148,800 184,200 194,800 145,100 

People Accommodated 3,008 3,366 3,362 2,729 

Water Used Per Person 49.47 54.72 57.94 53.17 

Average Water Used Per Guest = 53.8 gal. 



Table 10. Water Use for Day-Visitor Concessioner Patrons 

(Total Visitors x 0.34) - Overnight Cluests = Day Concessioner Patrons 

1976 June July August September 

Total Visitors 421,003 526,278 441,220 243,553 

34% of Total 143,141 178,934 150,015 82,808 
Minus Guests 91,204 95,375 94,127 82,573 

Day Concessioner Patrons 51,937 83,560 55,888 235 

Day - Concessioner Water = Water Use Per Patron 
Day - Concessioner Patrons 

Day Concessioner Water 1,223,068 1,150,624 1,898,711 1,556,684 

23.5 13.8 34.0 6,624* 

Average = 23.7 gal./person/day 

*Disregard 

Comfort Station Day-Use Rate 

Comfort Station Water v Total Day-Visitors = Day-Visitor CS Water 

June July August September 

Comfort Station Water 184,438 291,974 367,252 161,797 

Total Day-Visitors (Table 5) 329,799 430,903 347,093 160,960 

Day Comfort Station Water .56 .68 1.06 1.01 

Average = .83 gal./person/day 

Total Concessioner Day Patron Water = restaurant + restroom water 
23.7 + .83 = 24.5 gal. 

round figure of 25 gal./person/day 
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Pump Rate Tests - Indian Gardens 

Pump 
No. 

1 
2 

Date 

7/5/77 
8/4/77 

Tank 
Level 

21.9 
21.0 

Meter 
Reading 
Start 

895,739 
54,512 

Meter 
Reading 
Start 

895,809 
54,575 

Gallons 
Pumped 

7,000 
6,300 

Time 

15mlls 
15m3s 

Gallons 
per Min. 

461.03 
418.6 

Precipitation - South Rim, 1976 

January 
February 
March 
April 
May 
June 

1.32 
1.55 
1.38 
.93 
.66 
.42 

July 
Augus t 
September 
October 
November 
December 

1.81 
2.25 
1.56 
1.10 
.94 
1.62 
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Meter Records Summary - 1976 

Base Demand 
NPS 
Concessioner 

Albright Training 

Permanent 
Residents 

temporary 
Residents 

Visitor Lodging 

Phantom Ranch 

Desert View -
Hauled 

Other Hauled 

Totals 

Percent of Total 

Peak gpd 
June-Sept. 

34,636 
77,911 

8,132 

48,661 

23,440 

296,371 

8,075 

9,369 

2,936 

509,531 

Dec.-Jan. 

792,870 
810,192 

552,000 

3,129,664 

981,690 

6,909,170 

454,250 

180,000 

125,790 

13,977,626 

11.0 

Feb.-Mar. 

623,970 
965,070 

636,600 

2,512,830 

772,890 

5,042,330 

207,750 

222,000 

117,245 

11,058,685 

8.7 

Apr.-May 

1,144,170 
2,411,640 

446,500 

2,803,547 

1,137,250 

9,276,480 

469,500 

750,000 

152,800 

18,063,887 

14.2 

Jun.-Jul. 

1,982,970 
4,459,990 

470,400 

2,736,864 

1,373,110 

17,564,300 

402,900 

393,000 

168,780 

29,909,314 

23.4 

Aug.-Sep. 

2,242,680 
5,043,220 

52] ,700 

3,159,756 

1,486,520 

18,593,040 

582,200 

114,000 

189,445 

32,253,561 

25.5 

Oct .-Nov. 

1,245,980 
2,029,950 

420,400 

2,523,590 

1,064,030 

13,604,800 

500,900 

222,000 

162,120 

21,665,770 
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Hauling Costs - Desert View 

Cost to Park - $8.80/1,000 gal. 
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Amortization (old truck) 8.33/day 
Amortization (new truck) 5.48/day 
Rental Fee 7.97/day 
Gas 31.98/day 
Salary of driver 46.00/day 
Brakes 1.37/day 
Tires 3.13/day 
To produce water 3.00/1,000 gal. 
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