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I. THESIS STATEMENT 

The purpose of the Abilene Public Aquarium is to provide an 
active ecological education facility for Abilene, Texas. The 
Aquarium center will accomplish active education in the 
following ways: first, through the display of large numbers of 
interacting species of aquatic life in tanks immense enough 
that natural habitats, ecological processes, and natural group 
behavior of these species may be observed in a surrealistic 
manner. Second, with the creation of an environment that both 
allows and encourages visitor participation within the aquatic 
center through visual, audible, and emotional involvement. 
Third, by providing the recreational aspect of viewing exhibits 
and displays of aquatic life processes through logical 
uni—directional circulation patterns. Fourth, by emphasizing 
the association with water as an ecological, life—giving, and 
renewable resource rather than simply a display media. In 
addition, the facility is not to be supplemental nor 
competitive to the existing Abilene Zoo but complimentary. 
This means that the public will be encouraged to recognize both 
the Zoo and the Aquarium as different display facilities yet 
mutually beneficial interacting ecological processes highly 
dependent on one another! Conclusively, the new Aquarium will 
demonstrate that the abundance of life on the earth is highly 
dependent on the proper conservation of water and its natural 
resources. 
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II. THEORETICAL BASIS 

Throughout the ages, man has constantly sought and explored 
the unknown. In doing so, the natural environment has often 
been exploited to an irreparable extent while society 
ignorantly believed the earth to contain infinite available 
resources. Once the finite supply was realized, the notion 
that there would come a day when the supply of natural 
resources would become exhausted or extinct was adopted. 

Today however, man has come to realize the difference 
between renewable and non-renewable resources- This different
iation of natural resources means that those which are 
renewable, such as fish and wildlife, may be maintained at a 
sustained yield. (That is the level at which a resource may be 
harvested and yet population levels are maintained.) The 
recognition and preservation of these renewable natural 
resources thereby depends on the ability of man to practice 
learned conservation techniques. Hence, the education of the 
general public on the natural environment becomes increasingly 
important for its preservation. 

Admittedly, people generally prefer not to be subjected to 
education during their recreational time. And while the 
success of the Aquarium is determined by its recreational 
provisions, any person who visits the proposed facility will 
surely improve their knowledge of aquatic and ecological life 
processes. Whereas, people Are more willing to protect, 
preserve, and manage that which they understand or appreciate. 
Conservation techniques may then be introduced to the general 
public who will be more apt to practice the preservation of the 
earth's renewable natural resources, such as fish and wildlife. 
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III. ISSUES 

PROBLEMS 
The largest foreseeable problem of the Aquarium facility 

will be the controversy created when Abilene is having an 
especially dry summer and water rationing is put into affect. 
The general public may begin to question just how much water is 
actually used in the maintenance and upkeep of the facility. 

The adjacent Zoo may suffer in attendance due to the initial 
newness of the Aquarium. Once the facility has been 
established though, each should become mutually beneficial to 
the other- Hence, the public must be encouraged to visit both 
facilities to complete their recreational/ educational 
experience in Nelson Park. 

NEEDS 
The facility itself must come to be recognized as an active 

and everchanging "ecological" process. Exhibits must not be 
allowed to become stale but renewed and improved as well as 
maintained. 

New developments in the aquarium industry each year are 
substantial. Therefore, the facility must be versatile enough 
that better technologies may be adapted to the exhibits and 
their surrounding spaces. This will also help keep the 
Aquarium from becoming dull to frequent visitors. 

As the surrounding land areas adjacent to Nelson Park 
develop, proper buffer zones need to be created in order to 
retain the aesthetic nature of the parkgrounds. 
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IV. GOALS AND OBJECTIVES 

GOALS 
Goals may be defined as a broad statements of overall 

direction and purpose at which effort is directed- Goals may 
be achieved through design concept implementation-

* The facility will provide an active aquatic life ecological 
education center for Abilene, Texas. 

* The facility will create an intense, exciting, informative 
and therefore positive atmosphere where the general public 
may come to learn. 

* The facility will exhibit an applicable presentation of 
conservation techniques rather than merely exotic displays 
of aquatic life. 

* The actual physical facility will make a statement about 
water and its aquatic life processes. 

* The facility will complement the Abilene Zoo in both 
the physical building and the display of aquatic life. 

* The project will fulfill the requirements of and provide a 
quality facility for the City of Abilene. 

OBJECTIVES 
Objectives may be defined as the means by which goals are 

achieved and will therefore have a measurable outcome. 

t To exhibit, maintain, and propagate a general collection of 
aquatic life. 

* To provide conservation techniques to the general public-
t To provide an active research facility dedicated to the 

preservation of aquatic life. 
* To adopt the Abilene Zoo's display tactic of "a zoogeo-

graphic comparison" of (aquatic) life between temperate 
North America and temperate Africa. 

t To provide a facility with high educational impact on the 
surrounding community. 

* To use color and materials to reflect aquatic life and its 
ecological processes. 

t To use expressive forms to stimulate interest in the 
architecture of the facility as well as its exhibits. 

t To provide an entrance which will draw visitors into a 
facility where one might begin to think he is actually 
going underwater. 

t To provide a recreational/ educational facility in Abilene 
that will be open 12 months of the year. 

t To display aquatic life in a surrealistic manner. 
« To provide a uni-directional circulation pattern so that the 

exhibits are cohesive to the one preceding and the one 
after. 

t To provide barrier free access throughout the entire 
faci1ity. 
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V- EXECUTIVE SUMMARY 

recreation 
#1 MAIN EXHIBIT GALLERY (1234 sq. ft.) 

"Museum" with natural setting exhibits and vegetation 
10,000 gallon Main Showcase Tank (133.7 sq. ft-) 
1,500 gallon Texas Stream Aquatic Life (100.3 sq. ft.) 

SALTWATER EXHIBIT GALLERY 
"Museum" with natural setting 

700 gallon Gulf of Mexico 
gallon 
gallon 
gallon 

700 
700 
700 

Gulf of Mexico 
North American 
North American 

(23.4 sq. ft- per 700 gallon tank) 
150 gallon Crustaceans and Oysters 
ISO gallon Seahorses 

(9.0 sq. ft. per 150 gallon tank) 
FRESHWATER EXHIBIT GALLERY 
"Museum" with natural setting 

(412 sq. ft 
exhibits and vegetation 
Tropical Reef Fishes 
boney fish, rays, skates 
Atlantic Coldwater 
Pacific Coldwater 

) 

1,500 gal 
700 gal 
700 gal 
700 gal 
700 gal 
150 gal 
150 gal 
150 gal 
150 gal 

1,500 gal 
700 gal 
700 gal 
150 gal 
150 gal 

OUTDOOR 

on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 

Tex as 
North 
North 
North 
North 
North 
Clams, 
North 

Pond and 
American 
American 
American 
American 
American 
Mussels 

American 

(852 sq. ft. ) 
vegetation 
Life 

exhibits and 
Lake Aquatic 
Game and Predator Fish 
Sunfish varieties 
Catfish varieties 
Gar, Sturgeons, and Pike 
Minnow varieties 
and Freshwater Crustaceans 
Exotics 

mi seel1aneous 
African Tropicals 
Lake Victorian Tropicals 
African Cichlid varieties 
Catfish and Scavengers 
African Schooling varieties 

AQUATIC LANDSCAPE EXHIBITS (23,565 sq 
"Pools" with North American aquatic life varieties 
2 - 40,000 gallon Outdoor Ponds for water gardens 

(1782.5 sq. ft. each) 

ft.) 

admi ni strati on 
5 DIRECTOR'S OFFICE 
6 GENERAL CURATOR'S OFFICE 
7 SECRETARY/ RECEPTIONIST 

(3 person waiting area) 
8 STORAGE ROOM 

"Office Buildings" type executive offices 

(200 sq. f t . ) 
(150 sq- f t - ) 
(400 sq. f t . ) 

(75 sq. f t . ) 

education 
9 LIBRARY 
10 LECTURE/ STAFF ROOM 
11 LIBRARIAN/ EDUCATIONAL COORDINATOR OFFICE 

"Public Libraries" type education center 

(500 sq 
(300 sq 
(100 sq 

ft.) 
ft.) 
ft.) 
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maintenance 
12 AQUARIST ENGINEER'S OFFICE (100 sq. ft.) 
13 MARINE BIOLOGIST'S OFFICE (100 sq. ft.) 
14 WATER STORAGE/ FILTRATION ROOM (1012 sq. ft.) 

2 - 20,000 gallon reservoir tanks (445.6 sq- ft. each) 
15 FOOD PREPARATION AREA (60 sq. ft-) 
16 FREEZER (100 sq. ft.) 
17 TANK MAINTENANCE/ EQUIPMENT STORAGE ROOM (100 sq. ft.) 
18 BUILDING/ GROUNDSKEEPER'S OFFICE (100 sq. ft.) 
19 JANITOR CLOSETS (6 @ 40 sq- ft. each) 
20 WASTE DISPOSAL AREA (50 sq. ft.) 
21 MECHANICAL ROOMS (1146 sq. ft.) 
22 MAINTENANCE EQUIPMENT STORAGE ROOMS (4 @ 50 sq. ft. each) 

"Laboratory Buildings" type facilities 

research 
23 PATHOGENIC LABORATORY (139 sq- ft.) 

quarantine treatment tanks 
5 - 55 gallon tanks (4.4 sq. ft. each) 
5 - 3 0 gallon tanks (3.3 sq. ft. each) 

24 ECOLOGICAL LABORATORY (116 sq. ft.) 
experimental tanks 
2 - 5 5 gallon tanks 
2 — 30 gallon tanks 

25 LIFE SUPPORT LABORATORY (139 sq. ft.) 
hatchery 
5 - 55 gallon tanks 
5 — 30 gallon tanks 
"Laboratory Buildings" type facilities 

retai1 
26 AQUATIC ACCESSORY SHOP (150 sq. ft.) 

"Stores, Shops" type facility 
27 CONCESSION/ DINING SHOP (150 sq. ft.) 

"Fast Food Restaurant" type facility 
28 RETAIL MANAGER'S OFFICE (100 sq. ft-) 
29 STORAGE (100 sq. ft.) 

"Office Buildings" type executive office 

transportation 
30 TRUCK DOCK/ LOADING RAMP (3360 sq. ft.) 
31 SERVICE ENTRANCE (118 sq. ft.) 

receiving tanks 
1 - 150 gallon tank 
2 - 55 gallon tanks 
"Office and Warehouse" type facilities 

32 PARKING (additional parking is highly discouraged) 

information 
33 ADMISSION/ INFORMATION DESK (100 sq. ft.) 
34 PUBLIC RESTRROMS (400 sq. ft.) 
35 ENTRANCE LOBBY (200 sq. ft.) 
36 CHECK ROOM (100 sq. ft.) 

"Education Service Center" type -facilities 
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TOTAL FACILITY SQUARE FOOTAGE 
(both indoor and outdoor) 

;6, 168 sq. -ft. 

TOTAL BUILDING SQUARE FOOTAGE 12,603 sq. ft. 

- FACILITY 

- BUILDING 

D 
loe sao 

AVERAGE COST PER SQUARE FOOT FOR THE FACILITY $57.59 / sq. ft 

AVERAGE COST PER SQUARE FOOT FOR THE BUILDING $120.38 / sq- ft 

TOTAL FACILITY CONSTRUCTION COST $2,082,717. 

PROJECT ESCALATION TIME ... 3 years and 10 months or 46 months. 
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VI. BACKGROUND STUDIES 

ABILENE PUBLIC AQUARIUM 
Nelson Park, Abilene, Texas 

SUMMARY 
The Modern Public Aquarium is the product of centuries of 

development, refinement, engineering, and mistakes. The 
purpose of display is now more than to simply capture a glimpse 
of underwater life in stagnant bowls of water. Today, the 
Aquarium is an educational exhibit of aquatic life in large 
tanks with hundreds of fish exhibiting natural group behavior. 

In addition, rather than sterile museum type exhibits, 
aquatic displays have now become active ecological education 
centers. The visitor has become a part of the experience 
through participation instead of remaining as merely an 
onlooker. The public comes to recognize water as an 
ecological, life—giving, and renewable resource from not only 
exhibits but their surrounding spaces as well. 

The site for the Abilene Public Aquarium is already 
established as the number one recreational area in public use 
within Abilene. Nelson Park contains the Abilene Zoological 
Gardens and is adjacent to Shotwell Football Stadium, Taylor 
County Auditorium, and the West Texas Fair Grounds. Further
more, support from Abilene citizens is dramatically effective 
and shows a continued interest in the Nelson Park area. 

Nelson Park consists of 174 acres of land set aside by the 
City for recreational purposes. This includes: Abilene Zoolo
gical Gardens which currently occupy 13 acres. Nelson Lake, 
four baseball fields, a Parks Department tree nursery, an 
abandoned amusement park, and various trees (mostly mesquite) 
throughout the park facilities. Hence, this leaves large 
spaces open for recreation within the park which require 
further development to ensure their continued use. 

page 
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HISTORY OF ACTIVITY 
Public Aquariums 

The Aquarium at London Zoo 

Source: Hancocks, 
p. 151. 

David, ANIMALS AND ARCHITECTURE, 1971 
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HISTORY OF ACTIVITY 
Public Aquariums 

Aquariums have been in existence for at least 4,500 years 
when the Sumerians used artificial ponds for keeping fish. The 
ancient Egyptians and the Assyrians had records of fish-keeping 
although their purpose is unknown. The ancient Romans kept 
fish in artificial ponds fed by continuous fresh seawater from 
channels dug to the ocean. The purpose was breeding for 
enjoyment and market, so the Romans are considered to be the 
first marine aquarists. 

Goldfish were kept as exotic pets in China over one 
thousand years ago. The first Goldfish Pool was established in 
Peking during the second Chin Dynasty and in 1596, Chang 
Ch'ien-te wrote the world's first book on aquarium 
management.1. 

Goldfish were kept in glass bowls in England in the 1700's. 
The United States received its first goldfish in Philadelphia 
in 1858. Aquariums were not successful though until the 
discovery of the interrelationship between oxygen and living 
things in the latter 1800's. Once this discovery was made, the 
study of fish became useful in understanding nature, and the 
term "aquarium" was first used by British ornithologist Philip 
Gosse who, among others, brought aquatic life to public 
interest.2. 

Since the skills necessary to maintain aquatic life were 
dependent upon technological developments, the Industrial 
Revolution offered the long sought equipment necessary to 
design aquariums. Fish cannot regulate body temperatures so 
the environment must therefore be stable in both temperature 
and water chemical content. This was not possible prior to the 
1800's. 

The first public aquarium opened in Regent's Park, London, 
in 1853. Shortly thereafter, public aquariums began appearing 
around the world in such places as Berlin, Paris, Naples, etc. 
The first American public aquarium was built by P.T. Barnum in 
New York City as a commercial attraction. By 1928, there were 
at least 45 public aquariums but only five were large enough to 
exhibit both fresh and saltwater specimens. These, named in 
order of their relative significance, were in New York, Boston, 
San Francisco, Philadelphia, and Detroit. Today, most major 
cities have some type of aquarium facilities.3. 

Aquariums have long been established to exhibit aquatic 
life. A distinction should be made though between aquariums 
and oceanariums. "Oceanariums" are those located by the sea 
where the water is constantly recirculated with fresh. These 
types of facilities specialize in shows rather than science and 
naturalistic exhibits-

"In the history of man's interest in the sea, aquariums 
have undergone some changes. The most primitive kind of 
aquarium is one in which fish collected from the sea were 
displayed in whatever way possible. Later, fish were 
categorized and displayed according to species in a series of 
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isolated tanks. The most recent development in aquarium design 
has been to use large tanks in which different kinds of fish 
are allowed to swim freely and to exhibit natural group 
behavior."4. At an end, "aquarium design, in just over 100 
years, has progressed more rapidly than any other facet of 
zoological architecture."5. 

Early public aquariums were a museum type exhibits with a 
strictly educational focus. Their popularity increased when 
the recreational and commercial values were recognized. 
Historically, commercially focused aquariums Are privately 
owned where educationally and research oriented aquariums are 
publicly owned. 

The Goldfish Bowl First Public Marine Aquarium 
London Zoo. 1853 

Source: Hancocks, David, ANIMALS AND ARCHITECTURE, 1971. 
p. 71. 

END NOTES 

1. Hancocks, David, ANIMALS AND ARCHITECTURE, 1971. 
p. 149. 

2. IBID. 

3. "The World's Largest Public Aquarium," MUNICIPAL NEWS 
AND WATERWORKS, August 1928. p. 105. 

4. Maki, Fumihiko, "Marine Life Park - Aquarium," JAPAN 
ARCHITECT, October - November 1975. p.62. 

5. Hancocks, p. 154,158. 
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CASE STUDIES 
Public Aquariums 

The purpose of the following nine case studies is to 
examine similar architectural examples of public aquariums. 
From these case studies, one may derive what the most current 
technological and philosophical display/exhibit theories and 
practices are in public aquariums. Functional and spatial 
requirements may also begin to become apparent from the case 
studies as well. 

CASE STUDY #1: BELLE ISLE AQUARIUM 
Detroit, Michigan - 1901 

CASE STUDY #2: JOHN G. SHEDD AQUARIUM 
Chicago, Illinois - 1927 

CASE STUDY #3: VANCOUVER PUBLIC AQUARIUM 
Vancouver, B.C. - 1956 

CASE STUDY #4: AQUAZOO 
Pittsburgh, Pennsylvania - 1967 

CASE STUDY #5: NEW ENGLAND AQUARIUM 
Boston, Massachusetts - 1969 

CASE STUDY #6: HASSANAL BOLKIAH AQUARIUM 
Brunei, Borneo - 1971 

CASE STUDY #7: HIMEJI CITY AQUARIUM 
Himeji City, Japan - 1971 

CASE STUDY #8: NATIONAL AQUARIUM 

CASE STUDY #9: NATIONAL AQUARIUM 

CASE STUDY COMPARITIVE ANALYSIS 

Okinawa, Japan - 1974 

Baltimore, Maryland - 1979 
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CASE STUDY #1 

BELLE ISLE AQUARIUM 
Detroit, Michigan 

OWNER: City of Detroit 
COST: originally $175,000, 1904 

remodeled $200,000, 1954 

3347 fish 
182 species 
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Belle Isle Aquarium, Remodeled South Wing 

Belle Isle Aquarium, Tank Maintenance Area 

Source: Kreag, Keith K., "Detroit'! 
AND RECREATION, October 1956, 

Public Aquarium," 
p. 16. 

PARKS 

page î . 



BELLE ISLE AQUARIUM 
Detroit, Michigan 

CONTEXT 
"In the center of the world's busiest waterway lies 

Detroit's beautiful Belle Isle Park. This 985 acre island, 
operated by the City of Detroit as a recreational area, is the 
home of the Belle Isle Aquarium, operated by the Zoological 
Park Commission. Construction of this exhibit was begun in the 
fall of 1901, and it was opened to the public on August 18, 
1904, making it America's oldest municipal aquarium."!. 

Built in the grotto style, the Aquarium was popular from 
the beginning with over a million visitors a year. As many as 
20,000 people passed through the building on holidays and 
weekends. And even as the plumbing deteriorated and the glass 
cracked on many of the display tanks, attendance did not 
decrease appreciably. Interest and financial support from the 
public made the Aquarium a major recreational and educational 
institution for Detroit. 

The director Frank G. Mclnnis and his staff began plans to 
rehabilitate the faciltiy, which was began in April 1954. The 
outdated metal tanks were replaced with larger concrete 
structures with the viewing glass slanted inward to eliminate 
distortion. The glass is set against a rubber and mastic seal 
held in place by the water pressure. This eliminates the 
danger of breakage due to unequal pressures on the edge of the 
glass. Lighting methods were also improved as was the air 
conditiong system and the public spaces around the tanks. 

The Belle Isle Aquarium reopened to the public on July 2, 
1955. A half million people visited the Aquarium in the first 
four months. Underwater scenes were developed in each tank and 
lighting was designed to give the perception of limitless 
depth. Four types of signs were used to identify each tank: 
one purely for identification, two for special features of 
general interest, three calls attention to species with some 
striking characteristics, and four points out general themes 
such as conservation, fishing, food-getting relationships 
between land and water animals, and other broad subjects. 

BUILDING INTERIOR 
The Aquarium is 240 feet by 74 feet. The building has 62 

exhibit tanks with capacities ranging from 30 gallons to 2500 
gallons. There are 39 reserve tanks with a total capacity of 
6000 gallons. Fourteen reserve and conditioning tanks were 
later constructed and fifteen tanks, ranging in size from 250 
to 665 gallons, were added to the refrigeration section for 
cold-water fishes. 

"In the lobby and main hall, 4250 sq. ft. in size, the 
walls are covered with black tile. Each display tank is framed 
in aluminum as is the lighting cornice above the viewing glass. 
This cornice has 5 in. by 10 in. sign openings arranged two or 
more above each tank. The cornice is backed by a continuous 
line of cold cathode tubes which light the signs from the rear 
and indirectly light the public area."2. 
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Notably, the Aquarium established a new filtering system 
PV^ •Ki'̂ '"°̂ ®*̂  ^^® '"°^^ effective to date in the industry. 
Flexible hoses replaced drain valves on the exhibit tanks. 
Each individual display tank is set up as an individual unit 
with Its own filtering system. The filter is a stainless steel 
box 3 feet high, 9 inches thick and up to 24 inches wide. 

"Tank water flows into the upper part of this filter box 
from a screened sediment collecting trough in the rear floor of 
the display tank. The water passes through a layer of glass 
wool and then a layer of charcoal. These materials trap out 
the sediment. The cleaned water goes through the bottom of the 
filter box and into a cane-shaped return tube. Compressed air 
is introduced near the base of the water-filled return tube 
lifting water ahead of it as it rises and at the same time 
reducing the weight of the column of water. In this way two 
forces act to increase the flow of water: the rising air 
bubbles and the weight of the water in the filter itself. 
Since the water flows directly into the filter from the display 
tank, there is no problem of the break which may occur when 
water flows into the filter through the conventional tropical 
aquarium siphon. Therefore, the system is self—starting. The 
cleaned water is used over and over in the same tank from which 
it originated. This recirculation continues twenty-four hours 
a day. Perhaps the principal advantages of this system of 
individual filters are that they effectively isolate pathogenic 
agents (an illness can be limited to the tank where it starts); 
treatments Are possible in the display tanks and individual 
tank temperatures can be controlled."3. 

"A portable, diatomaceous earth filter is provided for 
quick cleaning of large tanks that are fouled or roiled. This 
filter is the type used for home swimming pools; it is mounted 
on a cart to make it portable. The use of this filter makes 
thorough cleaning of tanks possible without disturbing the 
fish; a screen should protect the intake so that fish will not 
be sucked from the tank. This filter is also extremely useful 
when fish Are being introduced into exhibits. The rapid, 
thorough filtration prevents fungus or bacterial infections 
where net and transportation bruises occur."4. 

END NOTES 

1. Kreag, Keith K., "Detroit's Public Aquarium," PARKS 
AND RECREATION, October 1956. p. 16. 

2. IBID. 

3. IBID., PP. 16, 18-19. 

4. IBID., p. 19. 
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OWNERS 
ARCHITECT: 
CONTRACTOR: 
COST: 

4500 fish 
500 species 

CASE STUDY #2 

JOHN G. SHEDD AQUARIUM 
Lakefront, Chicago, Illinois 

Shedd Aquarium Society 
Graham, Anderson, Provet and Whiti 
R. C. Wieboldt Co. 
$3.25 million, 1927 
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Source: 

The Shedd Aquarium, 

"Wanders From Far-off Seas," AQUATICUS, vol. 12, 
No. 1, 1980. p. 1. 
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JOHN G. SHEDD AQUARIUM 
Lakefront, Chicago, Illinois 

CONTEXT 
The John G. Shedd Aquarium was one of the first built in 

this century and represents the beginning of 20th century 
aquarium technology.!. The aquarium was made possible by a 
$3,000,000 donation from John Shedd and was designed in 1925 at 
the height of the pre-depression prosperity. Located at the 
south end of Grant Park, the aquarium is partly surrounded by 
the waters of Lake Michigan and is about 400 feet northeast of 
the Field Museum of Natural History.2. 

The Shedd Aquarium was built to be both recreational and 
educational. Specimens were brought from every water to be 
observed at close range which, in 1927, was extremely new to 
the general public. 

BUILDING CONSTRUCTION 
As traditional with that time period, the building conforms 

"to the best classical traditions."3. Built in the Greek Ionic 
style in the form of an octagon, a central dome rises above the 
rotunda. The main entrance faces Michigan Avenue on the center 
line of East Roosevelt Road. 

BUILDING INTERIOR 
All tank exhibits are located on the first floor with labs 

and offices behind. Support spaces, public restrooms, a 
science center, library, telephones and smoking areas are 
located downstairs. A multi-directional circulational pattern 
allows visitors to move back and forth between exhibits. 
However, this is considered to be a passive exhibit experience 
because the visitor is merely an onlooker. 

The plan is octagonal and rigidly symetrical which is 
in—line with the eclectic thinking of the time. The central 
"Coral Reef" is in the center of the building under a 100 foot 
high dome. All other exhibits surround this, and the area is 
lit with giant skylights. Hence, the shape of the building, 
the layout of exhibits, the circulation, and the over—abundance 
of daylight give a passive quality to the exhibit experience. 

The entrance lobby contains the information booth, check 
room, and restrooms. Mechanical equipment is below in the 
basement which can be viewed by the public to show the 
technology required for such exhibits. A library, lecture room 
and director's office opens off of the entrance hall, and a 
large assembly hall is located in the basement. Special halls 
are maintained as fish hatcheries to display methods of 
propagation and hatching. 

The life—support system has been designed as a closed 
system with individual filters for each tank or set of tanks. 
This allowed for versatility and preserved the saltwater which 
had to be specially shipped in. The basement houses 16 large 
tanks for the storage of water needed for the exhibits and 
hatchery. 
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DESIGN BASIS 
The site for 

was chosen due to 
Museum, creating 
institutions for 
research..."4. 
museum quali ty 
the thinking of 
to develop the 
contributes to 

the Shedd Aquarium on the Chicago lakefront 
the adjacent Adler Planetarium and the Field 
a "triangular group of visual educational 
natural history, art and scientific 

Furthermore, the client wished to create a 
exhibit space with a sterile feeling. This was 
the day, but contemporary aquarium design tries 
interrelationship between man and nature which 

the active educational aspect. 

END NOTES 

1. "Wonders From Far-off Seas," AQUATICUS, vol. 12 no. 1, 
p. 1. 

2. "The World's Largest Public Aquarium," MUNICIPAL NEWS 
AND WATER WORKS, August 1928. p. 105. 

3. IBID. 

4. "Wonders From Far—off Seas," p. 2. 
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OWNER: 
COST: 

CASE STUDY #3 

VANCOUVER PUBLIC AQUARIUM 
Stanley Park, Vancouver, B.C. 

Vancouver Public Aquarium Association 
originally built in 1956 S $300,000 
since expanded in 1967 3 $1.5 million 

6000 marine and freshwater fish 
595 species 

Source: 

Vancouver Public Aquarium 

Hancocks, David, ANIMALS AND ARCHITECTURE, 1971 
P. 153. 
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Vancouver Public Aquarium, Vancouver, B.C. 

Source: Vancouver Public Aquarium Brochure 
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VANCOUVER PUBLIC AQUARIUM 
Stanley Park, Vancouver, B.C. 

CONTEXT 
The Vancouver Aquarium was the first to be built in Canada. 

More significantly, it was also the first aquarium to break 
away from the rigid classical tradition and built in an 
intimate expression of space focused on creating a more active 
educational experience. This included the beginning of one-way 
circulation within the public aquarium. 

Situated on a hill in Stanley Park, the Aquarium looks out 
over Burrard Inlet toward the mountains of the north shore. 
Surrounding the Aquarium at the base of the hill is the 
Vancouver Zoo. Approximately 517,000 people visited the 
Vancouver Aquarium during the first year of operation.!. 

BUILDING EXTERIOR 
"The Aquarium is a one story, concrete structure 145 feet 

long by 99 feet wide. Most of the exterior is covered by moss 
colored cedar siding brightened by salmon colored panels 
beneath the windows. Built in modern style, it incorporates 
some of the better features of other public aquaria 
investigated during the five planning years which preceded 
actual construction. The cost of construction was paid by 
three donations of one hundred thousand dollars each from the 
city, provincial and federal governments, and the building site 
was provided by the Board of Parks and Public Recreation."2. 

BUILDING INTERIOR 
To begin, the Aquarium includes a scientific laboratory 

together with four research rooms. This was part of the 
agreement with the provincial and federal governments to 
provide a faciltiy to be used by government fisheries, 
biologists, and university scientists for the study of marine 
and freshwater biology.3. 

As one enters the lobby, a library of books on tropical 
fishes, ichthyology, and natural history are for sale behind a 
sales counter. An alligator pool, surrounded by tropical 
vegetation is next followed by many small tanks containing 
exhibits of amphibians and reptiles. Next, the main exhibits 
contain 25 small glass tanks and 33 large concrete tanks with a 
capacity of 400 to 12,000 gallons. These are all divided into 
four systems: tropical saltwater, tropical freshwater, cold 
saltwater, and cold freshwater. 

More specifically, three 400 gallon tanks and two reserve 
tanks comprise to form the tropical saltwater. This includes a 
closed filtration system with a 5,000 gallon capacity in which 
the water is kept at a constant 75 degrees F. The water is 
continuously passed through a sand and gravel filter. A wide 
variety of reef fishes are displayed in these tanks, including 
the poisonous Lion fish. 
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All of the tropical freshwater fish Are displayed in 
smaller tanks, each set up as an individual unit with it's own 
filter, heater, etc. Fishes in these tanks range from the 
popular hobbyist tropicals to those with strange and unusual 
adaptations, such as electric catfish and African lungfish. 

The cold freshwater displays are within seven concrete 
tanks which receive a constant flow of water from the City's 
water supply. This water comes from melting snow at the source 
of the Capilano River and is never above 50 degrees F. The 
water is dechlorinated by a water purifier and filtered by a 
diatomaceous earth filter. Native salmonid fishes of the 
region find this water and temperature ideal for survival. 

"The main part of the Aquarium is the cold saltwater 
section where the fishes and marine life of the North Pacific 
are exhibited. The system of water supply for this section is 
a compromise between an open (constantly supplied from the sea 
and used only once) and closed (recirculated and used many 
times) system, water being pumped directly from Burrard Inlet 
five times a week, then recirculated over the weekend. The 
actual mechanism of water intake is as follows: a 250 foot, 8 
inch asbestos cement pipe acts as a syphon from the lowest tide 
level to a sump in a pumphouse at high tide level; this water 
is then pumped by two pumps about 1,000 feet up a hill to the 
Aquarium building (elevation 130 feet) where the water passes 
through a sand and gravel filter into three 50,000 gallon 
reservoirs in the basement. From the reservoirs three pumps 
circulate the sea water through the individual tanks where it 
flows back through the filter to the reservoirs- The return 
flow is controlled by valves so that pumps from the sea can let 
the tanks overflow into drains flowing out of the building. 
Since all pipes and fittings are polythene plastic, hard rubber 
or asbestos-concrete and since the pumps are lined with rubber, 
the seawater never contacts metal. This avoids the problems of 
toxicity, corrosion and electrolysis often resulting when 
seawater passes over metals."4. 

EXPANSION 
"There are service passages behind all tanks so that the 

staff can care for specimens without having to enter the public 
area. The main service area includes a large truck entrance, 
loading ramp, receiving tanks, a food preparation room, walk—in 
refrigerator, a huge waste disposal unit and connectors with 
the main service passages."5. 

The majority of the Aquarium is devoted to the marine life 
of British Columbia, freshwater fauna from the North Pacific to 
the west coast of Vancouver Island, the straits to the 
mainland, and freshwater of the interior. All of the exhibits 
are located on one level and odd shaped halls and public spaces 
serve to create a feeling of the spaciousness of the ocean. 
Circulation is one directional, although not forced, and 
creates a continuous learning experience. 
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END NOTES 

1. Newman, Murray A., "New Vancouver Public Aquarium," 
PARKS AND RECREATION, November 1967. p, 21. "̂ "̂ ^̂ ^̂  "^ 

2. IBID. 

3. IBID., p. 22. 

4. IBID., p. 23. 

5. Newman, Murray A., "Expansion of Vancouver Public 
Aquarium," INTERNATIONAL ZOO YEARBOOK, vol. 8, 1968. p. 92. 
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CASE STUDY #4 

AQUAZOO 
Pittsburgh, Pennsylvania 

OWNER: The City of Pittsburgh 
ARCHITECT: Lawrence and Anthony Wolfe 
COST: unknown, 1967 
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Source: 

Pittsburgh Aquazoo 

Van Trump, James D., "Architecture and the World of 
Water: The New Aquazoo at Pittsburgh," THE CHARETTE, 
November/ December 1967. p. 9. 
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AQUAZOO 
Pittsburgh, Pennsylvania 

CONTEXT 
Constructed in the Pitsburgh Zoo, the Aquazoo represented 

the latest in public aquarium technology and display for its 
time. The structure sits at the top of a hillside in a 
secluded valley which opens widely to the west. "A full marine 
aquarium would have been too expensive for an inland city like 
Pittsburgh to maintain, and while the sea has by no means been 
neglected, the emphasis has been placed on freshwater fish and 
mammals associated with an aqueous environment. Further, that 
Q^eat storehouse of natural freshwater wonders, the Amazon 
River has become a major theme of the display on view in the 
new building."!. The overall theme of the Aquazoo is water and 
water!ife. 

BUILDING INTERIOR 
"The walls Are composed both inside and out of a hard, 

dense, greenish Pennsylvania sandstone laid up in a random 
rubble fashion."2. The broad entrance near the western end of 
the building faces back on itself which creates a mysterious 
intimacy of approach. A wooden bridge spans across a lily pool 
and brings the visitor into the lobby. 

A large stained glass window in green and blue colors is 
the main element within the lobby. Then, from one side of the 
stone walls, a Western Pennsylvania trout stream flows from an 
unknown source and creates a waterfall into a lower level 
within the same room. The sound of water echoes throughout the 
exhibits to create an active environment. 

The first exhibit tunnel leads downward through American 
Native freshwater fish tanks. One then comes upon the Penguin 
court which combines white terraces and hidden pools. The next 
sequence of exhibits is a darkened circular chamber intended to 
resemble the depths of the sea. This is the saltwater fish 
exhibits which include the display of octopus and Alaskan King 
crabs. 

From here, another tunnel opens in a series of projecting 
glass cases where the Amazon exhibits are found. These include 
snakes as well as fish. By this time, the visitor is lost in 
orientation and must simply follow the displays. At the end of 
this tunnel, the visitor emerges into a double level room where 
large sheets of glass face the western entrance. This serves 
to re—orient the visitor amongst pools of otters, crocodiles, 
and lush green foliage. The porpoise pool can be seen from the 
top of the water at this point and then from the side as the 
visitor descends a ramp down around the enormous tank. Now 
back at the lower level, a semi-circular room displays the 
electric eel and the end of the trout pool falling into a deep 
ravine.2. 
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Source: Van Trump, James D., "Architecture and the World of 
Water: The New Aquazoo at Pittsburgh," THE CHARETTE, 
November/ December 1967. PP- 8-'̂ -
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DESIGN BASIS 
The Aquazoo is still reminiscent of the passive sense of 

education where the visitor is the spectator alone. However, 
the facility marks the beginning of the active display 
techniques by bringing the visitor into what seems to be the 
depths below the waves. The Aquazoo also tried to simulate in 
miniature the environment of many types of fish life in the 
tanks without creating the impression of the captive specimen. 

"The building walls echo in mass, form, and texture the 
rugged banks that partially enclose them. Aside from the 
stained glass screen of the lobby entrance, glass is only used 
extensively in the great windows of the building's western end 
where the spectator comes up for air, so to speak, and a 
necessary sight of his own world."3. 

ea 

END NOTES 

!. Van Trump, James D., "Architecture and the World of 
Water: The New Aquazoo at Pittsburgh," THE CHARETTE, November/ 
December 1967. p. 8. 

2. IBID., pp. 8-10. 

3. IBID., p. 8. 
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OWNER: 

ARCHITECT: 
t^ONTRACTORj 
COST: 

CASE STUDY #5 

NEW ENGLAND AQUARIUM 
Boston, Massachusetts 

S ^ b r i ^ J r ^ C ^ - - ™ Corporation 
Jackson^Con:rrCctrorc:''"' '"=• unknown, 1969 " * ° " '^°-

Cwtral Wharf, Downt 
own Waterfront Renewal Area, Bost 

on 

Source: 
The New England Aquaria™. Boston, Massachucetts 

Hancocjcs, David, ANIMALS AND ARCHITECTURE, 1971 
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Site Plan, New England Aquarium 
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Vertical Circulation 

Source: "Boston's Underwater Environment," 
ARCHITECTURE, December 1969. p. 97-98. 
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NEW ENGLAND AQUARIUM 
Boston, Massachusetts 

CONTEXT 
Set on Central Wharf, the New England Aquarium was to focus 

on a pedestrian oriented waterfront plan to meet the overall 
urban design of the Boston Redevelopment Authority.1-
Approaching the aquarium surrounded by glistening water only 
begins the experience. More significantly, as one enters the 
building, he finds that he feels as if he went underwater to 
view the beautiful ocean depths below.2. 

"Program requirements: An exhibit building that would: 
(a) contain and organize a wide variety of living and museum 
exhibits in a close relationship to each other; 
(b) accomodate both a moderate flow of visitors on weekdays 
and overflow crowds on weekends; 
(c) exploit the waterfront site and relate the aquarium to the 
urban plan of the Boston Redevelopment Authority-"3. 

BUILDING CONSTRUCTION 
"Poured concrete, left exposed inside and out. The 

exterior bird cage on the roof terrace is a concrete frame with 
steel wires tensioned in one direction."4-

BUILDING INTERIOR 
The interior proves to be quite an experience- The visitor 

is surrounded by fishtanks on all levels, daylight is excluded 
and artificial light comes from within the tanks. The dark and 
mysterious environment creates "an underwater world pulsing 
with life of strange and fascinating, colorful and rich 
variety."5. 

"The exhibits in the Aquarium represent a full range of the 
water environments that cover more than 70 per cent of the 
earth's surface — fresh and saltwater from temperate to 
tropical to cold climates."6. A Giant Ocean Tank, a 
freestanding cylinder 40 feet in diameter, four stories high, 
and with windows from the top to bottom of 23 foot depth of 
water, is by far the most impressive display- Containing 
200,00 gallons of saltwater, a full range of aquatic species 
are within - sharks, sea turtles stingrays, maray eels, and 
other marine animals.7. 

The Giant Ocean Tank is precast concrete columns tied 
together by compression rings to support the outward pressure 
of 23 feet of water. The glass used for display are 54 inches 
wide by 74 inches high. The glass at the bottom is up to 3 3/4 
inches thick (4 laminations) and withstands approximately 15 
tons of outward pressure-8. 

Actually though, the main problem with the pressure was in 
the piping system for filtration of the water. Glass fiber 
piping, used mostly for industrial applications at that time, 
had to be substituted for the PVC piping originally called for. 
Backstage of the exhibits is a five story maze of water and 
piping of the building's dual water system.9. 
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Surrounding the base of the Ocean Tank is a rectangular 
basin of water - The Fresh Water Tray - which is 80' X 90' and 
contains 150,000 gallons of fresh water. This tank displays 
the wildlife found in the semitropical swamps - toads, frogs, 
lizards, turtles, wading birds, catfish, carp, gars and 
sturgeon.10. 

In addition to the fish tanks, huge graphic color 
transparencies, large-scale murals and aquatic silhouettes 
illuminated by blacklight add to the display exhibits. This 
creates visual varieties which help to lead the visitor on into 
the search of the unknown. In other words, an ABABAB rhythm 
was created where A sets the environmental setting and B 
provides content that can be explored in depth.!!. 

CIRCULATION 
"Leading through these exhibits the circulation pattern is 

basically the LeCorbusier museum scheme of a rectangular spiral 
of narrow ramps on the perimeter of a rectangular plan for 
traffic moving upward. The ramps minimize the distance of the 
viewer from exhibits as they ascend the four levels past the 
tanks in the four main exhibit galleries — tropical marine 
life, temperate marine life, fresh water marine life, and cold 
water marine life. From the top level, traffic descends via a 
spiral ramp surrounding the central Giant Ocean Tank. This one 
way circulation route speeds overflow crowds on weekends. It 
is like putting the Guggenheim spiral inside the Corbu scheme 
and filling the center space of the Guggenheim with water."12. 

"Surrounding the top of the tank is a ring—shaped platform 
from which the marine life can be fed. Like the Fresh Water 
Basin, the ring also permits a view of the exhibits from above 
water level so that fish Are not always seen from the side as 
in the gallery tanks. Elsewhere exhibits are as open as 
possible, that is without full glass barriers so that the 
visitor can feel himself a part of the marine-life 
environments. The double spiral route of circulation also 
affords constantly changing views — near and far, high and low 
- of the Giant Tank, the Fresh Water Basin below, and of the 
smaller tanks and exhibits on all levels."13. 

DESIGN BASIS 
"The Aquarium program aims at exhibiting not only fish, but 

the world of water ... as it relates to our communities in the 
areas of health, recreation, aquaculture, industry, and 
commerce, since man's proper utilization of water is crucial to 
his survival on this planet."14. At the time, the New England 
Aquarium was a new concept in aquarium design in that the 
education of the visitor takes place in an active sense. More 
of an Aquatic Museum, the visitor's curiosity about an animal's 
habitat, anatomy, behavior and relationship to other animals 
and to man is displayed. This is in contrast to a live animal 
in a cage with a label identifying the species and part of 
world they come from-
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Tank Bay Details 

"Boston's Underwater 
Environment," Prog. Arch-, 
December 1969. p. lOS. 
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END NOTES 

1. "Citation," PROGRESSIVE ARCHITECTURE, January 196; 
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ARCHITECTURE, December 1969. p. 97. 

3. "Citation," p. 152. 

4. IBID. 

PROGRESSIVE 

5. "Boston's Underwater Environment," p. 97, 

6. IBID., p. 98. 

7. IBID. 

8. IBID. 

9. IBID. 

10. IBID., pp. 98, 100. 

11. IBID., pp. 102, 106. 

12. IBID., p. 100. 

13. IBID., pp. 100, 102, 

14. IBID., p. 98. 4 
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CASE STUDY #6 

HASSANAL BOLKIAH AQUARIUM 
Brunei, Borneo 

COST: unknown, 1971 
managed by the Borneo Fisheries Department 

4 
s 
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Floor Plan 
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Diagrammatic Section 

Source: Birkenmeier, Elmar, "The New Hassanal Bolkiah Aquarium 
in Brunei," INTERNATIONAL ZOO YEARBOOK, vol. 13, 1973. 
pp. 236, 238. 
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HASSANAL BOLKIAH AQUARIUM 
Brunei, Borneo 

CONTEXT 
The Hassanal Bolkiah Aquarium in Brunei is located in the 

central part o-f the semi-circular Churchill Memorial Building. 
The Aquarium had to be designed to -fit the plans -for the 
memorial building which limited the possibilities -for 
arrangement o-f tanks, size and type o-f tanks, and the selection 
o-f aquaria animals. 

BUILDING CONSTRUCTION 
"All tanks are made o-f rein-forced concrete. The 4000 liter 

and 7000 liter tanks' side walls are curving outwards at an 
angle o-f approximately 120 degrees and their corners are 
rounded . Those tanks from 7000 liter capacity upwards have 
been decorated with permanent rock -formations held together by 
cement. In some cases these cover the entire back walls of the 
tanks, in others they form single promontories or rock columns 
which, if the background of the tank on to which they are fixed 
is painted black, seem to stand free in the water. Concrete 
surfaces inside the tanks have been painted with dark-green, 
dark—blue, black or sand—colored epoxy resins and all rock 
formations are coated with transparent epoxy resin-"!. 

Freshwater for the tanks is supplied by public mains and 
must be treated for chlorine. The water for the marine tanks 
is direct from the sea. Clean saltwater is obtained 5 to 7 
kilometers out from the bay and is pumped into the 23,000 liter 
tanks of a barge. The barge then brings the saltwater to the 
town wharf where it is transferred into a water lorry. The 
lorry transports the water to the Aquarium's storage tanks 
which hold 200,000 liters of saltwater. These tanks, as well 
as the lorry and barge tanks, are lined with epoxy resin. All 
piping is PVC. 

Each tank is a separate independent unit with its own 
filtration system. This prevents the spread of diseases and 
parasites, and permits individual tank control and adjustment. 
Sand filters are used on all of the tanks, and the water is 
turned over at a rate of one tank volume per hour. 

BUILDING INTERIOR 
As one enters the Aquarium, he goes through an artificially 

lit room which allows the visitor to adapt from the intense 
tropical daylight outside. Showcases of local seashells, 
pictures of aquaria life and the work of the Fisheries 
Department. Also is the cashier counter and information booth. 

One then enters the public gallery, which contains 28 
saltwater and 19 freshwater tanks arranged along a slightly 
curved wall. The tanks range in size from 80 liters to the 
largest, which is 60,000 liters. 
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A sea turtle exhibit is complete with a sandy beach. Trees 
and a landscape are painted on the back wall which is scene by 
the visitor over the surface of the tank's water- One of the 
purposes of the Aquarium is to experiment with the sea turtles 
and their reproduction. 

The service area, located behind the tanks, provides ample 
room for working in the tanks with long-handled implements. 
Recesses within the wall contain equipment for washing sand and 
other maintenance. 

The offices are in a separate three story building which 
also contains quarantine and experimental tanks. There are 75 
of these tanks of three sizes - 200 liter, 300 liter, and 700 
liter. These are used for quarantine, treatment, and holding. 
A laboratory is also located in this building where 
experimental work may be done. This building is connected to 
the memorial building by a corridor. The total area of the 
Aquarium including the experimental and quarantine sections is 
1600 meters squared.2. 

DESIGN BASIS 
Architects for the Hassanal Bolkiah Aquarium have avoided 

the usual cave like effect so often seen in other public 
aquariums. They have done this by creating a spacious vaulted 
ceiling, 6.50m at the apex from floor level, to create the 
impression of an even larger than actual space. The effect is 
enhanced by subdued lighting from each vault. 

END NOTES 

1. Birkenmeier, Elmar, "The New Hassanal Bolkiah Aquarium 
in Brunei," INTERNATIONAL ZOO YEARBOOK, vol. 13, 1973. 
p. 237. 

2. IBID. 
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CASE STUDY #7 

HIMEJI CITY AQUARIUM 
Himeji City, Japan 

COST: unknown, 1972 

If 
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Source: Uchida, Itaru, "Ne Educational Displays in the Himeji 
City Aquarium," INTERNATIONAL ZOO YEARBOOK, vol- 13., 
1973- p. 264. 
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HIMEJI CITY AQUARIUM 
Himeji City, Japan 

CONTEXT 
"The Himeji City Aquarium was opened as a museum and 

research center. Fish behavior experiments are carried out for 
the visitors. The fish are given a variety of stimuli: light, 
sound, colors, objects of various shapes, and their reactions 
are closely observed. The electricity of an electric eel is 
recorded and can be read on a voltmeter."!. 

BUILDING INTERIOR 
The aquarium was designed to encourage the participation of 

the visitor. Exhibits have been set up specifically so as to 
allow the visitor to perform his own learning experiments with 
aquatic life. 

Blind cave fish from Mexico skillfully avoid any objects 
placed in the water. It is believed that these fish use their 
lateral lines to detect the slightest turbulence or change of 
pressure. Visitors may observe the fish avoidance tactics and 
even remove or place the obstacles within the tank. This 
creates a very active process of aquatic display. 

A special exhibit was designed to display the ability of 
bottom dwellers to change their color at will to match their 
surroundings. "The bottom of the experiment tank is covered 
with an acrylic resin 10mm thick under which is placed a 
colored disc divided into six sections. Mhen this disc is 
spun, triggered by a push—button device, the colored sections 
under the fish change. The visitors can then observe the fish 
changing color and listen to the tape recording explaining the 
phenomenon."2. 

"Fish living in streams appear to remain stationary on the 
riverbed, always facing upstream. They are not orientating to 
the flow of the current but to the objects around them. A fish 
tends to swim at a speed equal to the current's so as to remain 
level with the object it percieves. To illustrate this, black 
and white stripes are projected an screens at the bottom and on 
the side of the tank. When the stripes move, triggered by a 
push—button, the fish face the screen at right angles to the 
stripes. Fish living in fast-moving water are more sensitive 
than lake or pond dwellers which appear indifferent to the 
changing stripes. The device and tape recording work for half 
a minute at a time."3. 

DESIGN BASIS 
The Himeji City Aquarium is unique in its ability to 

actively gain visitor participation. On the other hand, this 
creates an artificial and most mechanical environment of tank 
display. The visitor does not see the fish in a natural 
setting habitat but rather in a mechanical tank created to test 
fish responses. 
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Sectional View of Blind Cave Fish Exhibit 
1. Handle 5. Tank 
2. Shaft 6. Bevel gear 
3. Shock absorber 7. Bearing 
4. Obstacle 8. Stainless wheel 

Source: Uchida, Itaru, "New Educational Displays in the Himeji 
City Aquarium," INTERNATIONAL ZOO YEARBOOK, vol. 13, 
1973. p. 263. 
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Sectional View 
1. Motors 
2. Gear 
3. Push-button 
4. Speaker 
5. Tape recorder 
6. Inlet 
7. Outlet 

of Fish Color Change Exhibit 
8. Clear acrylic resin 
9. Stainless wheel 
10. Drain 
11. Damping plate 
12. Spindle 
13. Colored disc (six sections) 
14. Rubber tube 

Source: Uchida, Itaru, "New Educational Displays in the Himeji 
City Aquarium," INTERNATIONAL ZOO YEARBOOK, vol. 13, 
1973. p. 263. 

END NOTES 

1. Uchida, Itaru, "New Educational Displays in the Himeji 
City Aquarium," INTERNATIONAL ZOO YEARBOOK, vol. 13, 1973. 
p. 262. 

2. IBID., P. 265. 

3. IBID-
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OWNER: 
ARCHITECT: 
CONTRACTOR! 

COST: 

CASE STUDY #8 

NATIONAL AQUARIUM 
Okinawa, Japan 

Ministry of Trade and Industry 
Maki and Associates 
Konoike Construction Co., Ltd 
Zentaro Gumi Ltd. 
unknown, February, 1974 to July, 1975. 

approximately 16,000 fish 
approximately 250 species 

National Aquarium, Okinawa, Japan 

Source: Maki, Fumihiko, "Marine Life Park - Aquarium," 
ARCHITECT, October - November 1975. p. 48. 

JAPAN 

page 56. 



Plot Plan 
Scale: 1/2,500 

Source: Maki, Fumihiko, "Marine Life Park - Aquarium," JAPAN 
ARCHITECT, October - November 1975- p. 51. 
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NATIONAL AQUARIUM 
Okinawa, Japan 

CONTEXT 
The National Aquarium sits on a narrow north-south 

elongated site between a rocky shoreline and a steep rise 
covered with vegetation. The site consists of approximately 
4.5 hectares located at the northern end of the International 
Ocean Exposition grounds of 1975. "It is halfway down a 
slope, at a place where the ground levels off before 
descending more precipitously to the sea. The site commands a 
fine view of the sea."!. 

The only permanent facility of the Exposition, the 
structure consists of Marine Life Park and the Sumitomo 
Pavilion. Two—level arcades serve as sun and wind breakers but 
more importantly become the major expressive element and define 
the processional nature within.2. "By producing changing 
patterns of light and shade, the arcades punctuate and vary the 
scale of what, without them, would be a bulky mass. They are 
frames through which visitors inside the Aquarium can enjoy 
views of the sea and sky. Most important of all, they afford 
shelter from the blazing heat of the Okinawan summer."3. 

The theme of the Aquarium is "Getting to Know the Sea 
through the Creatures of the Sea." To enhance the education of 
the visitor, a dual approach has been used throughout the 
facility. First, The Sumitomo Pavilion shows films of ocean 
life that most people would otherwise never have seen. Second, 
the Marine Life Park contains the Aquarium which is divided 
into two groups of displays of ocean life: The Coral Sea 
(shallow) and the Japan Current (outer sea).4. 

BUILDING CONSTRUCTION 
"The arcades, setting up an almost lyrical rhythm, are 

composed of concrete arches that express the dry—jointed 
juncture of precast three-hinged parts. This technique 
shortened construction time and, crucial to the area, did not 
require skilled labor to achieve an otherwise sophisticated 
configuration. Involving elements that act as a post—and—beam 
(two of them creating the three-hinged arch) and as floor or 
roof slabs, the system achieves maximum flexibility with 
minimum means. Nearly 300 post-and-beam elements and 150 of 
the floor slabs were used here, wrapping about the internalized 
spectator areas, framed in steel, while recurrently disclosing 
dramatic views of the natural environment."5. 

BUILDING EXTERIOR 
"The projections and recessions created by the arcades on 

the seaward side of the Aquarium mediate between the building 
and the environment."6. Integration into the locale became a 
contributing factor to exterior textures and finishes. For 
example, Okinawan houses tend to be painted an amber color. 
Therefore, an amber resin paint was used on the exterior 
surfaces of the entire facility. Rounded tile covered 
handrails are reminiscent of the local architecture and 
traditional Okinawan lion statues guard either side of the 
—»*•-*' "^ -a-rt ^ hnui—shaped roof over the entry plaza imitates 
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the arcaded walkways and suggests the building composition even 
before the visitor enters. In addition, the arcades Are set in 
such a way so as to provide protection from the hot sun while 
offering uninhibited views of the external environment.78«8. 

BUILDING INTERIOR 
The National Aquarium in Okinawa boasts the world's largest 

fish tanks. "The first, 12 meters square and over two meters 
high, represents the Coral Sea, with some 6,000 fish, and shows 
life in shallower waters." Natural sunlight dapples in here 
from above, keeping the coral alive, and highlighting the 
sea-floor landscape in which most fish develop. The other 
tank, 12 by 27 meters and 3.5 meters high, represents the Japan 
Current, with some 8,000 fish, and shows life in deeper, outer 
waters. Including sharks and rays, these waters are kept 
deliberately still to simulate actual conditions. Thus these 
two tanks, being sizable semblances of the aqueous habitat, 
allow the tendencies and territoriality of the species to 
form."9. 

"Lining the tanks, which are viewed through expansive 
panels of frameless acrylic, are comfortable carpeted lounge 
areas, bathed in background music, where visitors can quietly 
contemplate the spectacle amidst subdued colors. These 
exhibits are a cause of reflection in a visual sense, too, as 
the corridors and lounges, with their lighting and finishes, 
pick up the evanescent play of light, water and marine life 
within the tanks and one is brought to wonder whether it wasn't 
the group biology of human beings that Maki was trying to 
display for the benefit of the fish. Visitors are further 
schooled by specific exhibits in the areas around the tanks, 
each concentrating on a particular species, set of interacting 
species, or pattern of biological and social behavior. This 
constant cross-reference between the comprehensive marine 
environment and the more specialized traits within it makes for 
an effective, accurate depiction, engenders a more fluid 
arrangement of spectator space, and avoids the familiar 
exhibition fallacy of people bunching together around 
repetitive little windows in order to get a glimpse of one fish 
or another taken out of its larger environmental context. In 
this design, the naturalness of that context, not the 
superclassification of curators, called the shots. What one 
experiences is an immersion in what is real - not an artificial 
rendition - to an extent that the displays have an almost 
surreal impact on the senses."10. 

DESIGN BASIS 
The facility presents a marked improvement in aquarium 

display. A naturalistic environment within and the 
characteristics of local architecture and culture on the 
exterior present a discerning relationship between function and 
form.!!. Additionally, the arches provide a continuous and 
connective theme which reflects the interior circulation aspect 
of display. And finally, like a seashel1 just washed ashore, 
the structure appears to be of the ocean rather than just 
beside it. 
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END NOTES 

1. Maki, Fumihiko, "Marine Life Park - Aquarium," JAPAN 
ARCHITECT, October - November 1975. p. 61. 

2. "National Aquarium, Okinawa," ARCHITECTURAL RECORD, 
August 1976. p. 70. 

3. Maki, pp. 61-62. 

4. IBID., p. 61. 

5. "National Aquarium, Okinawa," p.70. 

6. Maki, p. 62. 

7. "National Aquarium, Okinawa," p. 72. 

8. Maki, p. 61. 

9. "National Aquarium, Okinawa," p. 70. 

!0. IBID., pp. 70, 72. 

11. IBID., p. 72. 
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CASE STUDY #9 

OWNER: 
ARCHITECT: 
CONTRACTOR: 
COST: 

NATIONAL AQUARIUM 
Baltimore, Maryland 

City of Baltimore 
Cambridge Seven Associates, 
Whiting-Turner Contracting 
1979 @ ^21.3 million 

Inc 

800 fish 
600 species 
Pier Three and Pratt Street, Inner Harbor, Baltimore, Maryland 

•• 'Architecture is not the issue,' says Cambridge Seven's Peter 
Chemayeff. Rather the new aquarium's form is conceived as 
merely a device for organizing a progression of experiences 'so 
involving that you forget about the architecture-' Happily, 
the device is only partly successful. Within the building the 
orchestration of exhibits is so merged with their visual and 
spatial framework that the architecture becomes ineradicably a 
part of the visitor's total experience. And without ... it is 
surely architecture that establishes this spirited and spirit-
lifting landmark at the rim of Baltimore's Inner Harbor."!. 

Source: 

National Aquarium, Baltimore 

Gaskie, Margaret F., "The National Aquarium in 
Baltimore," ARCHITECTURAL RECORD, May 1982. p. 85. 
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NATIONAL AQUARIUM 
Baltimore, Maryland 

CONTEXT 
Located at the end of a pier in Baltimore's Inner Harbor, 

the National Aquarium is a dramatic building surrounded by 
water on three sides. Immediately ashore, one finds a plaza 
consisting of the Harborplace market complex, a science museum, 
and the World Trade Center. 

"The pier location allowed the building to become a 'symbol 
of reaching out to sea,' in the words of Peter Chermayeff, 
Cambridge Seven principal in charge. The thrusting effect is 
mainly achieved by a glass pyramid at the building's prow, 'a 
pointed form with some directional shape that came very early 
(in the design) as a gesture of looking seaward,' Chermayeff 
continues."2. Perched on the end of the pier, the structure is 
highly visible from all sides and "curiously the right shape, 
like a seabird ungainly ashore but graceful afloat or 
aloft."3- Major exhibit elements include a five-level atrium 
gallery and an interlocking oval-shaped ring tank surmounted by 
a triangular glass pyramid. Whereas, the exterior building 
form is notably an expression of the interior spaces. 

BUILDING INTERIOR 
"Visitors enter th 

small pyramid to the 1 
water, and once inside 
one—directional route, 
dolphins. From there 
through a dramatic 
exhibition. Most of 
hallways with small 
describing the aquat 
exhibits illustrate 
feeding, moving, lurki 

e building by ascending stairs under the 
obby amid the sight and sound of bubbling 

are held on a carefully choreographed 
The first stop is by 

movement is upward by 
central volume to 

the exhibitions line 
tanks of fish and 

a huge tank of 
escalators passing 
three floors of 

darkened perimeter 
accompanying texts 

ic animals and their environment (the 
schooling, evolving, hiding, growing, 
ng; how fish swim, eat, evolve)."4. 

Site Plan 

Source: Gaskie, Margaret F., "THE NATIONAL AQUARIUM IN 
BALTIMORE," ARCHITECTURAL RECORD, May 1982. p. 82. 
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"The drama is heightened by sounds of marine life, color 
transparencies flashed on the walls, views down to the dolphins 
frolicking in their pool, peeks into the shark and coral reef 
tanks, a neon wave superimposed upon the wall of the main space 
and a 24-foot-long whale skeleton hanging from the ceiling."5. 

"As a climax to and relief from the dazzle of the 
exhibition floors, the final escalator leads upward into the 
tropical rain forest, 64-feet high at its apex. It offers a 
peaceful setting, interupted only by the sounds of live animals 
and simulated lighting. On a clear day, it also provides 
magnificent views of harborplace and the city beyond."6. 

"From the rain forest, the visitor descends by carpeted 
ramps, surrounded by cavernous oblong fish tanks. The upper 
one represents a coral reef, and the lower one is inhabited by 
countless sharks. The ramps were made wide enough for 
wheelchairs, and the trip down them contrasts with the 
experience of the tight passageways of the exhibition spaces. 
And then the final suprise. Upon leaving the shark tank, the 
visitor again sees the dolphins, by now long forgotten, gliding 
through their underwater environment. A final educational 
message comes from the man in the sea exhibit, meant to 
'provoke' the visitors to 'some kind of consciousness of our 
responsibility' to protect the world's ecosystems."7. 

Accordingly, the building and the exhibits were designed 
simultaneously which promotes a thorough integration of 
interior spaces and exterior facades. The one—way path 
through the structure "zigzags upward through the central 
atrium lined by exhibit galleries, emerges at the rooftop rain 
forest, then winds down again via scissored ramps through the 
center of the huge ring tank."8. 

DESIGN BASIS 
Undoubtedly, circulation was the key design element. The 

exhibit on the other hand demands not only specific aquatic 
technology but must generate public interest and support. 
Thus, the subject for display was not to be exotic fish or even 
contained bodies of water. Rather, water itself as the basis 
of all life.9. 

The distinguishing aspect of the National Aquarium stems 
from being educational in the active sense. Admittedly, as in 
the traditional passive sense, a wide range of aquatic life -
mammals, birds, amphibians, fish, and plants - are displayed to 
the visitor. More notably is the fact that the aquarium seeks 
to become a natural science museum by showing the 
interrelationships among species in complex ecosystems. To 
accomplish this task, all of the tools available for advanced 
exhibit design and audio—visual communication are utilized -
animals enclosed and open volumes of water, simulated habitats, 
text panels, lighting, mural-sized color transpariences, 
artifacts, projected images, and taped sound effects.10. 
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Vertical Circulation Section 

Source: 

National Aquarium, Baltimore 

Gaskie, Margaret F., "The National Aquarium in 
Baltimore," ARCHITECTURAL RECORD, May 1982. p. 83. 
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END NOTES 

1. Gaskie, Margaret F., "The National Aquarium in 
Baltimore," ARCHITECTURAL RECORD, MAY 1982. P. 83. 

2. Greer, Nora Richter, "Another Powerful Harborside 
Attraction," AIA JOURNAL, Mid-May 1982. p. 171. 

3. Gaskie, p. 84. 

4. Greer, p. 172. 

5. IBID., p. 172. 

6. IBID., pp. 172-173. 

7. IBID., p. 173. 

8. Gaskie, p. 86. 

9. IBID., p. 88. 

10. IBID., p. 88. 
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CASE STUDY COMPARITVE ANALYSIS 
Public Aquariums 

The following analysis attempts to compare what seems to 
have become desirable in modern public aquarium design. For 
this reason, public aquariums have been studied from the turn 
of the century to recent dates. Hence, the most developed and 
advanced technologies and philosophies in aquarium exhibit and 
design features may be derived. Also, an attempt has been made 
to determine common functional and spatial requirements. 
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CASE STUDY #1 

CONTEXT 

FUNCTIONAL 

SPATIAL 

SENSORY 

ENVIRONMENT 

BELLE ISLE AQUARIUM 
located within a park 
municipally owned 
at waters edge 

62 exhibit tanks - 30 to 2500 galloni 
53 reserve tanks 
each tank as unit with own filter 
mechanical behind 

public area lit from within tanks 
single level display 
multi-directional circulation 
grouped similar species exhibits 

passive exhibit experience 

culturally influenced design 

CASE STUDY #2: 

CONTEXT 

FUNCTIONAL 

SPATIAL 

SENSORY 

ENVIRONMENT 

JOHN G. SHEDD AQUARIUM 
located within a park 
privately owned 
at waters edge 

125-150 exhibit tanks 
each tank as unit with own filter 
mechanical below 

library 
research/ hatchery facilities 
single level display 
grouped similar species exhibits 

passive exhibit experienc 

culturally influenced design 
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CASE STUDY #3: 

CONTEXT 

FUNCTIONAL 

SPATIAL 

VANCOUVER PUBLIC AQUARIUM 
located within a park 
publicly owned 

38 exhibit tanks - up to 5,000 galloni 
each tank as unit with own filter 
mechanical behind 

library 
research/ laboratory facilities 
single level display 
one directional circulaton 
grouped similar species exhibits 

SENSORY passive exhibit experience 
visual visitor involvement 

CASE STUDY #4: 

CONTEXT 

SPATIAL 

SENSORY 

AQUAZOO 
located within a zoo 
municipally owned 

multi-level display 
one directional circulation 
grouped similar species exhibit' 
botanical displays 

passive exhibit experience 
visual visitor involvement 
audible visitor involvement 
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CASE STUDY #5: 

CONTEXT 

FUNCTIONAL 

SPATIAL 

NEW ENGLAND AQUARIUM 
located on wharf 
privately owned 
at waters edge 

giant ocean tank — 200,000 gallons 
fresh water tray — 150,000 gallons 
naturalistic display/ species interaction 

public area lit from within tanks 
multi-level display 
one directional circulation 
active visitor circulation 
grouped similar species exhibits 
visitor circulation dictates building form 

SENSORY passive exhibit experience 
visual visitor involvement 

CASE STUDY #6i HASSANAL BOLKIAH AQUARIUM 

CONTEXT located within memorial 

FUNCTIONAL 

47 exhibit tanks - 80 to 60,000 liters 
75 reserve tanks - 200, 300, and 700 liter 
each tank as unit with own filter 
fresh seawater obtained direct from sea 
mechanical behind 

SPATIAL 

SENSORY 

single level display 
open circulation 
laboratory facilities 
grouped similar species exhibits 

passive exhibit experience 

CASE STUDY #7: HIMEJI CITY AQUARIUM 

FUNCTIONAL exhibit tanks specific experiments 

SPATIAL single level display 
research facility 

SENSORY active exhibit experience 
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CASE STUDY #8: 

CONTEXT 

FOJNCTIONAL 

NATIONAL AQUARIUM 
located within international 
nationally owned 
at waters edge 

exposition 

world's largest aquariums 
coral sea - 12sq.m. x 2m-
Japan current - 12m. x 27m. x 3.5m. 
naturalistic display/ species interaction 
mechanical below 

SPATIAL 

public area lit from within tanks 
single level display 
grouped similar species exhibits 
active visitor circulation 
visitor circulation dictates building form 

SENSORY 
active exhibit experience 
visual visitor involvement 
audible visitor involvement 
emotional visitor involvement 

ENVIRONMENT climatically influenced design 
culturally influenced design 

CASE STUDY #9; 

CONTEXT 

FUNCTIONAL 

SPATIAL 

SENSORY 

ENVIRONMENT 

NATIONAL AQUARIUM 
located on pier 
municipally owned 
at waters edge 

dolphin tank 
shark tank 
coral reef tank 
mechanical below 
naturalistic display/ species interaction 

public area lit from within tanks 
multi-level display 
one directional circulation 
grouped species exhibits 
botanical displays 
active visitor circulation 
visitor circulation dictates building form 

active visitor experience 
visual visitor involvement 
audible visitor involvement 
emotional visitor involvement 

climatically influenced design 
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ANALYSIS 
One must now ascertain exactly what the most desirable 

technologies and philosophies are in aquarium exhibits with 
respect to context, functional, spatial, sensory and 
environmental requirements. In retrospect, when the facility 
appeals to the senses, its success is determined and thereby 
acknowledged. 

Whereas, an active visitor experience stems from the spatial 
experiences of not only a uni-directional circulation pattern 
around aquatic displays, but from active visitor education 
through participation in the exhibits and their spaces. This 
means that the facility must allow if not encourage the visitor 
to become a part of the experience through visual, audible, and 
emotional involvement. 

More specifically, a logical grouping of the displays is 
necessary. Yet the most awesome and therefore successful 
technique is to display large numbers of interacting species 
within a reproduction of their natural habitat. This of course 
has only become possible within the last decade when technology 
has allowed glass tanks of such extreme proportions to be 
built. Aquatic species interaction can then be observed in a 
surrealistic manner when the species have the ability to 
establish territorial or personal space mannerisms. (This 
ranges from the territorial space demands made by sunfish to 
the minnows which thrive only if the school is large enough 
that each individual is in constant contact with another.) 

And finally, the most distinguishable public aquariums seem 
to be those where the form of the structure recognizes the 
circulational pattern of the exhibit spaces within. 
Moreover, an association with water as an ecological, 
life—giving, and renewable resource rather than simply a 
display media is the current ideal in aquatic exhibits. Steps 
should therefore be taken through building form to maximize 
visitor participation in both exterior and interior spaces. 

The building should also respond to environmental 
conditions as well as reflect cultural influence. However, 
those structures which do not respond to cultural influences 
may turn out to be the most successful in the long run, but 
this is a risk! 
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HISTORY OF THE SETTING 

NELSON PARK 
Abilene, Texas 
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NELSON PARK 
Abilene, Texas 

1919 The original Abilene Zoological Gardens were built in 
Fair Park — known now as Oscar Rose Park. This was the 
first park in Abilene. 

1940 The City Charter was amended to allow the establishment 
of a Parks and Recreation Board. Originally a 
governing board, now serves as a policy—making board 
only. The first Park Superintendent was hired who 
began an improved maintenance schedule of the parks. 

1943 The number of parks in Abilene was now 5. 
1954 First Parks Bond voted in-
1959 Second Parks Bond voted in. 
1960 Third Parks Bond voted in and a committee was named 

to study the enlargement of the zoo. 
1962 The committee recommends moving the zoo to another 

location. 
1963 The Abilene Zoological Society was formed. A Board of 

Directors of sixty people was named. 
1964 Fourth Parks Bond program of *772,265 was approved, 

with most of this money going to the building of the 
new zoo. 

July 2, 1966 Opening day for the new zoo! After 3 years of 
planning and construction and with more than $600,000 
of investment. Mayor Ralph Brooks proclaims this as 
one of the most important days in Abilene's history. 
Walter Kuenzli was appointed director. About 90X of 
the collection had been gathered between the summer of 
1965 and the end of the summer of 1966. They were all 
financed by private gifts from individuals, businesses, 
clubs and other groups. Attendance during the first 
four months was record setting at 100,000 visitors. 

1967 156 species and 480 specimens. A bond program passed 
in February with 1»90,500 directed towards zoo improve
ments. Plans were finalized for construction of lion 
and giraffe moats to cost over $55,800. The Nelson 
Park Rides opened in May with 13 rides including a 
train that could carry 50 people on a ride around the 
zoo grounds. The Children's Contact Area formally 
opened on July 7, 1967. 

1968 A record was set when three bushbabies were born to one 
mother. The "Zoo Tour and Guide Book" was published. 
A fund drive sponsored by the Jaycees raised *50,000 
for zoo improvements. TEXAS PARADE magazine published 
an article "Abilene Builds a Zoo" featuring full color 
photographs of the animals. Walt Kuenzli departed for 
the directorship of the Tulsa, Oklahoma Zoo and Dan 
Watson was hired as the new director of the Abilene 
Zoological Gardens. 

1969 There were a total of 33 births at the zoo including a 
Spot-Nosed Monkey. Advertisement campaigns were began 
on billboards, newspaper, radio, and television. 
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1970 

1971 

1972 

1973 
1974 

1976 

1977 

1979 

1980 

The Abilene Public Library sponsored "Zoo Nights" each 
Thursday from February through May in conjunction with 
the Abilene Independent School District. The Texas 
Society of Architects presented an award to Tittle, 
Luther, Loving, and Lee in November for the design of 
the Abilene Zoo. 
The AAZPA Central Zoo Workshop was held from April 
6th through 8th with about 90 delegates attending at 
the Zoo. Additional improvements included shelters for 
the hoofed stock as well as additional cages including 
an eagle aviary. 
Births were again significant at the zoo. Sloth bear 
cubs, tiger cubs and two baby buffalos were born at the 
zoo. The zoo received a new baby African elephant 
which provided a great deal of publicity. Disney char
acters visited the zoo when 
at the Abilene Coliseum, 
featured a menagerie of zoo 
of "Carnival of Animals." 
Improvements continued with 

"Disney on Parade" played 
The Abilene Philharmonic 

animals in the performance 

the net profit of $14,000 
made from the preceeding year. Three sea lions were 
added bringing the total to seven. Two sets of triplet 
babies were born: javelina triplets and three white-
tailed deer. 
Tom Buchanan became the new General Curator. 
Three pronghorn were obtained for the Zoo's Texas 
Plains Complex. A $12,000 Education Building was 
funded by the Zoological Society and the animal clinic 
was remodeled and updated. 
The City o-f Abilene funded a new zoo office building. 
A mate for the male kangaroo was also obtained. 
The zoo received a nine foot rock python from Arusha, 
Tanzania. However, the snake died within a short 
period of time from internal parasites which he had 
arrived with. When the Zoological Society and City 
officials decided not to publicize the death, local 
newspapers demanded an explanation. It was found that 
the zoo did not want to jeopardize the good relation
ship between the two cities. 
363 animals with an approximate value of $150,000. A 
major improvement was made at the elephant exhibit by 
filling in the moat and building a ramp. 
The consulting firm, McFadzean Sc Everly of Illinois, 
was hired to do a master plan for the Zoo. They sent 
four representatives to study the present facilities. 
Two very special "firsts" occurred: a baby chick was 
born to the Abyssinian Hornbill - noteworthy throughout 
the country, and a rare Moustached Guenon monkey was 
born. In October, Jack Joy, the General Curator at the 
Dallas Zoo for 10 years, became the new Director of the 
Abilene Zoo and Executive Director of the Abilene 
Zoological Society. He is a Professional Fellow with 
the American Association of Zoological Parks and 
Aquariums and has collected animals all over the world. 
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The new Taylor County jail site was to be located 
due east of the zoo. Abilene citizens came together to 
protest, located and proposed alternate locations, and 
after much deliberation and debate, the jail was 
located elsewhere. As of April there were 123 species 
and 335 specimens. The "Pronghorn Press," a zoo 
newsletter written by the Zoo Keeper staff, became a 
monthly publication. 

198! A record breaking 109,789 visitors through the zoo, 
almost 26,000 more than the previous year. 

CURRENTLY 
Abilene Zoological Gardens include representatives 

of nearly every major order of mammals, several species 
of birds, plus a number of reptiles and amphibians. 
Also included are rarities not usually exhibited 
except by larger zoos. The Abilene Zoo is the only 
complete zoo between Ft. Worth and El Paso. 

Abilene Zoo is set within Nelson Park which is 174 
acres of land set aside for recreation by the city. 
The zoo is open everyday from 10 am. to 5 pm. except 
Thanksgiving, Christmas, and New Year's Day. 

' The Abilene Zoological Society is responsible for 
all animal acquisitions and all animals belong to the 
Society. All gate and concession profits go towards 

l' the purchase of new animals. 
!• The first phase of the master plan began in 1982. 

This long—range plan will not require closing of the 
ti zoo during work procedures and upon completion, will 
'I make the Zoo a leading recreational and educational 
: -. resource in West Texas.!. 
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SIGNIFICANCE 
Since the Abilene Zoological Gardens had its start back in 

1919 in Fair Park, the facility has yet to do anything but 
grow. Visitors presently exceed 100,000 per year and animal 
acquisitions now have a definite goal. A zoographic comparison 
between Africa and North America has been implemented with 
animals from other geographic locations eventually being phased 
out. 

Support of the area citizens is dramatically effective. 
For example, when the new jail faciltiy was to be built 
adjacent to the Abilene Zoo, citizens made sure that the 
rehabilitation institution be located elsewhere. Sadly though, 
the zoo goes without an aquarium and the facility within the 
masterplan only provides plans for a small structure in the 
future. However, the masterplan acknowledges the possibility 
of a major aquarium faciltiy in the distant future being 
located across the existing parking lot on the east side of the 
zoo. 

"The past methods that have made the Abilene Zoo the 
city's number one tourist attraction have been to provide 
public awareness through frequent talks and tours for schools 
and civic organizations and thru advertising. The next step 
has been to provide a pleasant, clean, exciting facility that 
invites return visits and free advertising by word of mouth. 
Zoo attendance has increased approximately 50% since 1980."3. 
Attendance increased from 83,894 in 1980 to 127,297 in 1984. 

Abilene Zoo concentrates on captive breeding of animals 
threatened by extinction or that are endangered in the wild. 
The Zoo is recognized nationally for having successfully bred 
the Golden Eagle. "Our record of breeding rAre and unusual 
animals has enhanced our professional standing in the zoo 
profession and enabled us to acquire better qualified 
keepers."4. 

END NOTES 

1. Addington, Ruth, Abilene Zoological Society, "History 
of the Abilene Zoo," April 1982. 

2. Joy, Jack, Director of Abilene Zoological Gardens, 
"Abilene Zoological Gardens: Projected Acclomplishments 1984 -
1985-" 

3. IBID. 

4. IBID. 
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ENVIRONMENTAL ANALYSIS 

ABILENE PUBLIC AQUARIUM 
Nelson Park, Abilene, Texas 

Site 

City of Abilene 

Source: Abilene 
Abilene 

City Map, Convention 
Chamber of Commerce. 

and Visitors Bureau, 

a 22 county trade 
to its central 

of its population 

SUMMARY 
The City of Abilene is the "Key City" for 

area. The success of Abilene has been due 
location wihin Texas and the diversification 
of 122,000. 

Abilene is situated within the prairies and cross-timbers 
region of Texas where a major problem can be shortages of 
water. However, the Stacy Dam Project should be able to 
provide plenty of freshwater for Abilene by the year 2000. 

There are over 25 parks for recreation within the City. 
Abilene Zoological Gardens, located in Nelson Park, attract 
more visitors every year than any other recreational activity 
in Abilene. 

Abilene is located in the temperate zone of the U.S. and 
receives about 70>C of the possible sunshine throughout the 
year. Thus, passive solar design is recommended when possible. 
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CT 

Taylor County in relation to Texas 

Source; ATLAS OF TEXAS, The University of Texas at Austin, 
1973. p. 23. 
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ENVIRONMENTAL ANALYSIS 

The City of Abilene , located in Taylor County, has a 
population of approximately 122,000 people. Abilene is a major 
city of the North Central Texas region and is in the southern 
portion of the praries and cross-timbers section of the United 
States. Before the white settlers, Comanche Indians controlled 
this area through skilled horsemanship and hunting. However, as 
the railroad came through, the Indians were displaced and 
Abilene was officially established in 1881. The success of 
Abilene has depended on the railroad, its central location, and 
the fertile land surrounding the city, from oil to farming to 
ranching.1. 

In the 100 years since it was founded, Abilene has remained 
a prominent city within Texas for primarily two reasons- One, 
due to its central location within the state. Abilene is 
serviced by major U.S. Highways 80, 83, 84, and 277, as well as 
Interstate 20, Abilene is easily accessible from Dallas, Fort 
Worth, El Paso, Austin, San Antonio, and Lubbock. 

Dallas 181 
Fort Worth 151 
El Paso 443 
Austin 216 
San Antonio 247 

Lubbock 165 
Wichita Falls 226 
Odessa 172 
San Angelo 93 
Corpus Christi 393 

Source: Rand McNally Texas Map. 

Two, Abilene' succ is also due to a wide diversifi
cation of interests. These include agriculture, ranching, 
military facilities, oil, two universities, a senior college, 
and manufacturing from yarn to military aircraft components. 
Known as the Key City, Abilene is the center for a 22 county 
trade area, called "The Big Country," for wholesaling, 
distribution, and retailing functions. The Texas and Pacific 
Railroad, which divides the city into "the north and south," 
carries vast amounts of raw materials and finished products. 
Abilene is also serviced by two major bus companies as well as 
Texas International and Chapparal Airlines. 

Another part of the Abilene community is Dyess Air Base- A 
$110 million military facility, Dyess houses the 96th Strategic 
Aerospace Wing (SAC), the 463rd Tactical Airlift Wing (TAC), 
and the 12th Division Headquarters. 

Some of the attractions of Abilene include: a philharmonic 
orchestra, Abilene State Park, Abilene Fine Arts Museum, 
community and chidren's theaters. Fairway Oaks Golf Course, 
over 25 city parks, and Abilene Zoological Gardens. Of any of 
the recreational attractions in Abilene, the Zoo attracts the 
most visitors, over 100,000 per year, with the widest diversi
fication of interests.2. 
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Abilene 
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Source: 
"Abilene Leisure: Fall 1985," 
Recreation Division, Abilene 
Community Services Department. 

Site 

Brownsville 
Major Zoos near Abilene 

Source: McFadzean, Everly and Associates, ABILENE ZOOLOGICAL 
GARDENS: MASTER SITE DEVELOPMENT PLAN, May 1981. 
p. 17 
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GEOLOGY AND LANDFORM 
"Abilene is situated within the geographic region of Texas 

which is known as the Praries and Cross-timbers. Bordered by 
the Red River on the north and the Colorado River on the south, 
this geographic area comprises about 1/4 of Texas. Within this 
broad area, Abilene is located in the Rolling Plains which, in 
this area, are characterized by great flat areas punctuated by 
occasional mesas or escarpments rising above the plains."3. 

"One of these is the Callahan Divide, several miles south 
of Abilene. This is a high ridge which separates the rainfall: 
water which falls on the north side flows towards the Brazos 
River and on the south side flows toward the Colorado River. 
The soils in the rolling plains are reddish and loose by nature 
and tend to be permeated with both gypsum and salt."4. 

• (l^O^'ns*^ 

Source: 

airies and Cross-Timbers 

McFadzean, Everly and Associates, ABILENE ZOOLOGICAL 
GARDENS: MASTER SITE DEVELOPMENT PLAN, May 1981. 
p. 16. 

^f*x^<prM6i 
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Hydrology Map 
Scale: 1" = 17 miles 

1. Fort Phantom Lake 
3. Stacy Dam Project 

2. Hubbard Creek Reservoir 
4. Waste Water Treatment Facility 

Source: Rand McNally Texas Map 
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HYDROLOGY 
By far the major problem of the City of Abilene is the 

often critical shortage of freshwater. Only last summer 
(1985), the City had to ration water and pass City Ordinances 
against watering the lawns. Since 61% of water consumption in 
Abilene goes for outdoor purposes, the city became an arid 
place to live indeed.5. Presently, Fort Phantom Lake, which 
is just north of the City, provides most of the water for 
Abilene. Hubbard Creek Reservoir, approximately 50 miles to 
the northeast, acts as a supplementary source when needed-6-

However, a municipal bond election has allowed the City to 
invest in the future Stacy Dam Project which will insure the 
plentiful availability of freshwater by the year 2000- Stacy 
Dam will be located on the Colorado River Basin south of 
Coleman, Texas, (aproximately 80 miles southeast of Abilene) 
and will provide freshwater for Big Spring, Midland/ Odessa as 
well as Abilene and many others. Thus, the citizens of Abilene 
are very conscious about the supply of freshwater.7. 

The Waste Water Treatment Facility is about 7 1/2 miles 
northeast in the Hambi area. Raw sewage is filtered and 
treated with the water then being dumped into the Clear Fork 
of the Brazos. This water filters down river and eventually 
winds up in Possum Kingdom Lake to the east-northeast of 
Abilene.8. 

CLIMATE 
The Abilene climate is primarily temperate with a slight 

amount more heating degree days than cooling degree days. There 
was a maximum of 6.7 inches of precipitation in twenty-four 
hours in 1961, so drainage must be carefully considered.9. 
Prevailing wind direction is from the south—southwest at a mean 
speed of 12 miles per hour and can be very effective in 
reducing the cooling load on buildings when used appropriately. 
Abilene receives about 70% of the possible sunshine throughout 
the year, so passive solar design is highly recommended I 10. 

Abilene winters are generally mild with only 2 days of snow 
a year on the average. Temperatures generally do not get 
below freezing with plenty of sunshine most of the season. 
Tornadoes in the spring are possible yet rarely cause major 
damage while duststorms in the fall are infrequent. 

Abilene is situated on the boundary between humid East 
Texas and semi-arid West Texas. This can cause extremes in 
both temperature and precipitation quantities, especially 
during the summer months. High humidity combined with 90 
degree weather will often make middays unbearable in Abilene. 
At the other extreme is the almost desertification of the area 
due to very hot and arid conditions, as experienced last summer 
(1985) in Abilene. Generally speaking though, the climate is 
favorable for outdoor activities and recreation throughout most 
of the year. 
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PUBLIC TRANSPORTATION 
At present the city bus company (Abilene Transit System) 

does not service the Nelson Park AreA. This is suprising since 
the Zoo is the number one recreational -facility in the city. 
Extension o-f routes to include Nelson Park is highly 
recommended since this will provide access to the parkgrounds 
-for those citizens who must rely on public transportation. 

ROUTE DESIGNATIONS 
0 N. Willis 
® Radford Hills 

' (S> N. Mockingbird 
0 S. r t l i 
0 Hloicory 

0 Wootgoto 
0 A. C. U. 
0 S. 14tli-Toxaii 

@ Mall of Abllono 
(Vis Beftelo Qep Reed) 

0 Mail of Abllono 
(Vis South Willie) 

0 Troadaway-Humana Bus Routes 

Source: Abilene Transit System, TRANSIT MAP AND RIDERS GUIDE, 
Abilene, Texas, September 3, 1985. 
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VII. SITE ANALYSIS 

ABILENE PUBLIC AQUARIUM 
Nelson Park, Abilene, Texas 

SUMMARY 
Nelson Park, 174 acres o-f land set aside by the City o-f 

Abilene, is surrounded by many dif-ferent land uses. These 
include commercial, residential, railroad, highways, a -football 
stadium, coliseum and Fair Grounds. Within the park Are the 
Abilene Zoological Gardens, Nelson Lake, abandoned air strips 
used -for parking and -four baseball fields. Proper bu-f-fer areas 
between these land uses should minimize con-flict. 

The soils o-f the site are typically Tobosa Clay with 0-1% 
slopes. Proper soil engineering will be necessary prior to any 
construction. Vegetation consists mostly o-f grasses and 
mesquite trees. The Zoo already has begun a landscape plan and 
this should be expanded to any new developments in the park. 

Utilities enter the park -from the north and continue 
southward. Consideration should be given to underground lines 
to maintain on-site attractiveness. Prevailing winds are -from 
a south southwesterly direction. 
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Abilene Vicinity 

Source: McFadzean, Everly and Associates, ABILENE ZOOLOGICAL 
GARDENS: MASTER SITE DEVELOPMENT PLAN, May 1981. 
p. 18. 
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EXISTING LAND USE 
There is a wide variety o-f land use in and around the 174 

acres of Nelson Park. The Abilene Zoological Gardens currently 
occupy 13 acres within the center of the park and will expand 
northward to the railroad tracks. The two existing major paved 
parking areas are the abandoned airstrips of the old Abilene 
Airport. The land to the east of the Zoo is an abandoned 
amusement park. Nelson Lake occupies the center and 
northwestern portion of the park. Four baseball fields are 
located in the southwestern portion and an abandoned swimming 
pool in the area southeastern section. 

EDGE CONDITIONS 
The Texas and Pacific Railroad forms the northern border of 

Nelson Park. This may create a safety hazard as well as noise 
problems. The City Parks Department in coordination with the 
Zoo are going to close off access to the tracks as well as 
create a buffer space to reduce sound. 

The northwestern corner of the area is the property of West 
Texas Utilities. The land is used primarily as a storage yard 
for equipment and several large wharehouse structures are to be 
constructed. The Parks Department is to create a buffer to 
screen this property from view within the park and reduce 
conflict. 

To the east of the park property line is vacant land zoned 
for commercial use and on the east edge of this is Highway 322. 
Again, with proper buffer space, there should be no conflict 
between these two land uses. (This at one time was to be the 
site for the new Taylor County Jail, but citizens protested 
enough to keep this from happening! See "History of the 
Setting.") Moreover, if planned right, these two land uses 
could compliment and have a mutual benefit for each other. 

The southern border is formed by Highway 36, known to 
Abiline citizens as South 11th. This is a major traffic artery 
and provisions should be made to buffer the highway from the 
park. More importahtly, across the highway is the Abilene 
Exposition Center which includes P.E. Shotwell Football 
Stadium, Taylor County Coliseum, and the West Texas Fair 
Grounds. This means that the area already receives major 
recreational crowds within seasonal times of the year. To the 
distant southeast is the new Abilene Municipal Airport, which 
may cause noise problems at times. 

The entire western edge of Nelson Park is formed by the 
Canterbury Trales Housing Development. Buffer spaces were 
created but need to be better developed. However, their is no 
conflict between these two land uses since the success of any 
park is dependent on the visitors. 

In general, the edge conditions are compatible with the 
future development of the Nelson Park recreational facilities. 
Enough insight has been used by planners to make this the 
number one recreational spot within Abilene and citizens have 
been willing in the past to protect this area from 
non—compatible uses. 

page loi. 



-— -A ^^ f^ ^ •r: *" *• 

• \ 

/ 

^ « 

I 

I 

» I I • • ft *. : I i i n ? i 
\ *. ^ • \ • * • ! 

\ \ \ \ \ » '.I 

/ 
•-* **«a« and ttm^-t MM 

^ -no p a c i f i c r a i l r o a d 
\ 

e 

( 

• ^ • * t « » . , u t i l i t y \ I 
1 • \ • 'Ŝ  
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SOILS 
The soils of Nelson Park are typically Tobosa Clay with 

0-1% slopes. This clayish soil is characterized by slow 
permeability and slow internal drainage. During times of water 
shortage when the soil is dry, rainwater will enter rapidly 
through cracks and fissures. There is also a chance of 
duststorms at times within the fall season.1. 

"The soil has a very high shrink-swell potential which 
creates severe limitations on certain types of developments. 
There are limitations for dwellings with basements due to this. 
There is also an incidence of high corrosivity to concrete. 
The soil is deemed most suitable to crops and rangel and. It 
must be noted, however, that the conditions and the problems 
they create can be overcome by adequate soil engineering."2. 

"Test soil borings done on the existing zoo site indicate 
the presence of imported fill from 1-6 feet in depth in certain 
areas of the site. Underneath this are varying depths of soil 
and layers of caliche, which is a cemented deposit of calcium 
carbonate occuring in the southwestern states. It can be made 
up of soft, thick layers or hard, thick layers just below the 
surface layers. They may, on occasion, be exposed to the 
surface by erosion, and may be indicators of unstable soil 
conditions."3. 

"There are no soil problems indicated which cannot be 
surmounted by the proper engineering techniques. Detailed soil 
analysis and test borings should precede any development in any 
area of the site to assure that the proper engineering methods 
are used as a preliminary to actual construction."4. 
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VEGETATION 
The original Abilene area was grassland, grazed by great 

herds of American Bison. With the intrusion of the white man, 
cattle and sheep, the grasslands became worn thin and the 
mesquite tree invaded. 

"The mesquite is a naturalized plant which should be 
maintained where it exists in the present and future zoo site. 
Its tolerance to the Abilene winds is well known. It has long 
been used for windbreaks and can be logically used for this 
purpose in the zoo, both for visitor and animal comfort. This 
and other suitable trees and shrubs, such as the most desirable 
evergreens, live oaks . and junipers, should be used where 
plantings are called for. Plantings Are also useful from the 
standpoint of softening the visual and climatic effect of 
expanses of paved surfaces and stone walls and buildings, and 
has been given careful consideration in the formation of final 
plans for the zoo."5. 

"A word of caution! The presence of mulberry trees has and 
continues to cause maintenance problems in the zoo. Their 
dense foliage and troublesome shallow root system has left 
unsightly bare soil beneath the trees and should not be 
continued in use in the future. Other species such as 
Honeylocust and other acacia—like forms should continue to be 
considered as an alternative to the mulberry."6. 
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UTILITIES 

Water: 
Plentiful water is the single most important factor in a 

successful Aquarium. The need for freshwater is the most basic 
of needs. This includes water for tank display, cleaning, and 
drinking. 

Nelson Park "is served by a 12" water main extended to the 
site by the city. Individual lines varying in size from 1/2" 
to 6" service the concession and exhibit area of the zoo. 
There is adequate water at present to be utilized by the zoo at 
the current level, and the 12" size of the connecting water 
main would indicate plentiful water for future expansion into 
the surrounding land."7. 

Sewer System: 
The collection of sewage must be adequately provided for to 

include the disposal of waste from the exhibits, concessions, 
and toilet facilities. Storm water runoff is diverted directly 
into Nelson Lake or drains into the sanitary system. 

"Rainy Creek Sewer Airport Extension is a 15" sanitary 
sewer main which services the zoo. It runs from north of the 
present zoo property, angling in a southeasterly direction 
through the zoo site and continues east and then south across 
Stat Highway 36."8. 

"There is an additional 102 trunk going north from this 
line to the W.T.U. Service Center addition. Sanitary sewer 
lines from 3" to 8" wide connect all zoo facilities to the main 
trunk line at a manhole between the present primate and turtle 
exhibits. The 15" sewer main and its location should provide 
coverage needed for any proposed zoo expansion."9. 

Gas: 
"There is a 2" gas main operated by Lone Star Gas Company 

which runs from the north, roughly parallel to the water main, 
and has an intermediate pressure of ISp.s.i. It is tapped by 
the zoo just north of the entrance building and a 2" line runs 
east-west throught the site to accomodate zoo structures. It 
would appear that adequate gas service is available for future 
planned development needs. However, in every case possible 
alternate solar energy use has been incorporated for both 
heated air space and water. Design features also incorporate 
for earth berm work to minimize heat exchange."10. 

Electrical: 
"There is a network of underground lines connecting to a 

service pole just north of the service building. Feeder lines 
serving high use areas such as the entrance complex and 
concessions are fed by 240/480 volt distribution lines. 
Additionally, an empty fibre conduit has been set down for a 
P.A. System throughout the existing zoo-"11. 

As within any area where visual impact is of significance, 
all electrical lines should be buried underground to avoid 
visual distraction of overhead power lines. 
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North American Continent 

Source: Olgyay, Victor, 
DESIGN WITH CLIMATE, 
1973. p. 4. 
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THE PASSIVE SOLAR ENERGY BOOK, 1979. 
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EXISTING STRUCTURES 
Except for the Zoo, the park is really quite void of 

structures. There are two temporary type buildings where the 
abandoned swimming area is located in the southeast corner. 
The baseball fields are surrounded by chain link fence and 
there are two buildings in which teams use to dress and store 
equipment to the south of the diamonds. On the west side of 
Nelson Lake, the city has built two structures for large group 
picnic activities, complete with parking areas. 

Current structures within the Zoological Gardens include: 
Entrance and Gift Shop, Administration Building, Formal Pond, 
Small Mammal Ring Enclosures, Polar Bear Grottos, Free-standing 
walls. Reptile Building, Primate Cages, Sea Lion Pool, 
Restrooms, Giraffe Exhibit, Education Building, Tiger and Lion 
Grottos, Elephant House, Hoofed Animal Yards, Hay Storage 
Buildings, Lath and Greenhouses, and Service Buildings. 
However, the Abilene Zoological Gardens are in only the 
beginning stages of there planned growth according to their 
masterplan, and this must be recognized before other structures 
are proposed. 
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CUShop 
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Abilene Zoo 

Source: Abilene Zoological Gardens Pamphlet. 
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Entrance Formal Pool 

Education Building Elephant Yard 



' " i d 

Polar Bear 
Sea Lion 

Giraffe Yard 
Hoofed Animal Yards 

Source: McFadzean, 
GARDENS: 
pp. 25-26. 

Everly and Associates, ABILENE ZOOLOGICAL 
MASTER SITE DEVELOPMENT PLAN, May 1981. 



IMAGES/ SENSORY ACTIVITIES 
The Abilene area is extremely flat with only 0-1% slopes 

on the average, and Nelson Park is no exception. Most of the 
park is barron except around Nelson Lake where trees manage to 
survive. Otherwise, vegetation consists mainly of only the 
hardiest species of grasses and mesquite trees. The Zoo 
contributes largely to the existing landscaped areas of the 
park with foliage and earth berms to guide the visitor through 
the facility. Nelson Lake enhances the aesthetic quality and 
views within the parkgrounds while contrasting to the 
oftentimes arid grassland surrounding. 

As previously recommended, extreme care should be taken to 
prevent future commercial developments from becoming visual 
distractions. Increased foliage and earth berms are necessary 
to insure proper buffer areas between these land uses while 
enhancing the on—site attractiveness of the grounds. The 
baseball fields on the southwestern side of the park should be 
visible from the highway to insure continued public use but 
landscape techniques should be employed to decrease their 
visual impact from within the park. 

The Zoo Master Site Development Plan already recognizes the 
importance of increased plant masses, earth berms, and other 
landscape materials including water. Notably is the acknow
ledgement that "water in quantity and many forms will provide a 
more suitable aesthetic zoo environment as well as cool the 
visitor both in reality and psychologically."12. This concept 
is of great importance in the Public Aquarium since water is 
represented as the mainstay of any ecological system. 

Presently, the site is fairly well developed around the Zoo 
while the rest of the parkgrounds receive minimal attention. 
However, the opportunity exists for the creation of a very 
pleasing recreational and educational environment without 
having to deal with demolition of existing structures or major 
rehabilitation of the site. The area already draws both 
regular and seasonal recreational crowds on a large scale basis 
and this Should be maintained by the continued improvement of 
Nelson Park. 
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Proposed Master Site Development Plan 
Abilene Zoological Gardens, Abilene, Texas 

Source: McFadzean, Everly and Associates, ABILENE ZOOLOGICAL 
GARDENS: MASTER SITE DEVELOPMENT PLAN, May 1981. 
p. vi . 
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Source: 

Central Core Areas 
Abilene Zoological Gardens, Abilene, Texas 

McFadzean, Everly and Associates, ABILENE ZOOLOGICAL 
GARDENS: MASTER SITE DEVELOPMENT PLAN, May 1981. 
p. vi i. 
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END NOTES 

1. TAYLOR COUNTY SOILS SURVEY, U. S. Department of Agri
culture, Soil Conservation Service. 

2. McFadzean, Everly and Associates, ABILENE ZOOLOGICAL 
GARDENS: MASTER SITE DEVELOPMENT PLAN, May 1981. p. 32. 

3. IBID. 

4. IBID. 

5. IBID., p. 33. 

6. IBID. 

7. IBID., p. 28. 

8. IBID. 

9. IBID. 

10. IBID. 

11. IBID., p. 30. 

12. IBID., p. 38. 
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VIII. ACTIVITY ANALYSIS 

ABILENE PUBLIC AQUARIUM 
Nelson Park, Abilene, Texas 

SUMMARY 
The success of any project is determined by the activity 

analysis. The primary activities in the Public Aquarium 
include: recreation, administration, education, maintenance, 
research, retail, transportation, and information. The focus 
of the activity analysis is how and why these activities are 
done by the human user within what environment. Consequently, 
just as humans are infinitely complicated, so are their 
activities and their interrelationships. 

The Abilene Public Aquarium should be able to accomodate 
approximately lOO visitors (indoor) and 200 visitors (outdoor) 
in the immediate aquatic exhibit areas outside the building. A 
staff of 14 people will be required to upkeep the facility. 
This includes the Director, General Curator, Secretary/ 
Receptionist, Librarian/ Educational Coordinator, Aquarist 
Engineer, Marine Biologist, Building/ Groundskeeper 
Superintendent, 2 Maintenance Crewman, Retail Manager, 2 Retail 
Crewman, and 2 Admission Clerks. 
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RETAIL MAINTENANCE 

RESEARCH 

Primary Activities 
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ACTIVITY ANALYSIS 

INTRODUCTION 
The basis of success for this project lies within the 

proper consideration of the activities of a Public Aquarium. 
Each activity must be suited with a space that provides for the 
following: 

Human Scale: 
Mater i als/Color: 

Lighting: 
Locational Qualiti 

Satisfying Needs: 

for the particular participants 
each space should be designed with 
these factors to enhance the activity 
for indoor activities and aquatic life 
the placement of activities in relation 
to each other and how they interact and 
affect one another 
of the participants performing within 
the activity spaces to include both the 
human visitor and the aquatic life. 

Spaces must be designed in order to meet the particular 
activity of the user group at the time of use. The activities 
are described by defining who the humans are, how they do the 
activity, the meaning and needs the activity satisfies, and the 
environmental necessities the activity needs in order to 
occur. 

PRIMARY ACTIVITIES 

Recreation 

Administration 

Education 

Maintenance 

Research 

Retail 

Transportat i on 

Information 
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RECREATION 

The enjoyment of 
Aquarium. 

SECONDARY ACTIVITIES 

th« human visitor within a Public 

Permanent— 

Temporary— 

Exotic-

Nat ive-

Handicap— 

Dining— 

Walking-

Meditation— 

The display of aquatic life through permanent 
exhibits to be enjoyed by the general public in 
a sheltered and an exposed environment. 
The display of aquatic life through temporary 
exhibits... 
The display of exotic aquatic life, either per
manent or temporary, to be enjoyed... 
The display of native aquatic life... 
The enjoyment of the Public Aquarium by the 
physically handicapped. 
Eating and drinking at the Aquarium. 
Leisure walks, whether for enjoyment, relax
ation, or rehabilitation, through the aquarium. 
Meditating within the Aquarium. 

Note: the term "aquatic life" is used to denote all forms of 
plant and animal life living and growing within both fresh and 
salt water. 

CRITERIA 
General public of all ages will view indoors and outdoors 

the various aquatic life within the Public Aquarium. They 
should enjoy and discover the unknown of what is beneath the 
watery environment so often viewed only from the top of 
rippling waves. 

Concession and gift shop management personnel shall be 
employed to sell food, drinks, and souveneirs but may only be 
available on peak days of visitation. 

Recreation can happen standing, sitting, or even within a 
wheelchair. For this reason, barrier free design is necessary. 
Circulation must therefore be an important consideration and 
developed substantially throughout the facility. This 
activity may also be used to engage the visitor in an active 
sense. Meaning that exhibits should serve to engage not only 
the visual, but the audible, olfactory, taste, and touch senses 
as wel1. 

Human beings who are both physically 
handicapped will also visit the Aquarium, 
experience the Aquarium with a disability, the 
make every effort to provide for these persons, 
enjoy oneself when disabled requires both enlightening and 
encouraging aspects of display techniques taking care to avoid 
those which cause frustration. 

and mentally 
In order to 
facility must 
The ability to 
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In addition, the activity of recreation can only be enjoyed 
fully from the individual perspective. This means that while 
some may wish to walk through the display as a group, stopping 
at each exhibit as a group, and then proceding on as a group, 
the space should provide the means. On the other hand, if an 
individual tours the facility, he should be able to view the 
exhibits without feeling that his back is exposed. 

And finally, the key to success within the Public Aquarium 
is recreation, for when the recreational activities are 
successful, the Aquarium will be too. 

NUMBER OF PEOPLE DOING ACTIVITY SQ. FT. REQ. PER PERSON 
lOO people - indoor 

(to be charged admission fee) 10 to 40 
200 people - outdoor lOO to 200 

native handicap 
exotic dining 

temporary walking 
permanent RECREATION meditation 
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ADMINISTRATION 

The administration of all activities within the Aquarium 
and its surrounding grounds. 

SECONDARY ACTIVITIES 
Organizing— 
Scheduling— 

Staffing-
Budgeting— 
Acounting— 
Fund raising-

the coordination of all facility activities 
the planning of facility events, activiti 
and personnel 
of personnel 
of all expenditures 
balance of income and expenses 
of all income 

Public 
relations- Aquarium dealing with public 

City 
relations— Aquarium dealing with city 

Society 
relations-

Acqui si t i ons-

Aquarium dealing with aquarist societies and 
organ i z at i ons 
the collection and obtainment of all plants and 
animals for whatever the purpose — food, repro
duction, or display 

Implementation— to put into effect all scheduled activities and 
acquisitions 

CRITERIA 
The Aquarium will keep a full time Director and General 

Curator on staff at all times. A full time Secretary/ 
Receptionist will also be kept on staff full time to assist in 
the administrative activity. The General Curator acts as an 
assistant to the Director. The director handles office 
management while the Curator handles aquatic life management. 

The Director is directly responsible for the budget. The 
money coming in creates all other activities - from staffing to 
acquisition to maintenance. For this reason, every possible 
fund raising program available should be used by the director. 

The first fund raising resource is at the government level. 
This includes federal, state, and municipal (county and city) 
revenues. The federal and state levels are constantly 
changing, as programs may be established, frozen, or phased 
out. At the municipal level, revenues are dependent on bond 
issue elections. These are generally not an effective revenue 
though since citizens seem to now vote more against increased 
spending. 

Therefore, the private sector has become increasingly 
important in the success of such a facility. Funds may be 
raised in the following manners: corporate giving, 
foundations, personal giving, group fund raising, bequests and 
deferred giving, telephone solicitation, direct mail campaigns, 
special events, and animal adoption plans. 
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limitless list of ways to attract funds, 
through the private sector, as many of 

are subject to radical changes and may 
in the near future. Soliciting the 

the advantage of attracting people, not 
People—involvement is most important as they are 
in the fund raising process."1. 

"There is almost a 
The most effective is 
the government programs 
be cut completely off 
private sector also h 
only money, 
the catalysts 

And finally, the General Curator coordinates all health 
operations which include medical and dietary needs. He is 
directly responsible for medical records, post mortems, 
disposal of dead animals, quarantine, cleaning, and feeding. 
Other staff may be hired to help with these duties and a 
vetenarian should be on call for emergencies as well as regular 
visits. 

NUMBER OF PEOPLE DOING ACTIVITY 
1 Director 
1 General Curator 
1 Secretary/ Receptionist • 
3 people waiting 

SQ. FT. REQ. PER PERSON 
lOO to 200 

II 11 il 

•I •• •• 

II II II 

ADMINISTRATION 

organizing 
scheduling 

staffing 
budgeting 
accounting 
fund raising 
public relations 
city relations 
society relations 
acquisitions 
i mplementati on 
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EDUCATION 

Providing an educational opportunity for the individual 
about aqautic life, the individual aquarium tank, and the 
Public Aquarium. 

"While it is true that people prefer not to be subjected to 
education during their leisure time, it is impossible for a 
person, whether child or adult, to visit a modern facility such 
as the proposed" Aquarium "without assimilating or improving 
their knowledge of the world in which they live."2. 

SECONDARY ACTIVITIES 
Visual- observing exhibits and displays of aquatic life 

and settings 
Hearing— listening to the sounds of various aquatic 

animals, speakers on the subject, etc. through 
various sound equipment devices 

Olfactory— the recognition of aquatic life through smell, 
such as the smeM of salt air which foreshadows 
the display of saltwater exhibits 

Taste— being able to taste is highly associated with 
smell; also, concession stands might serve fish 
sandwiches, seafood, etc. 

Touch- the experience would be ultimately complete if 
the visitor could associate himself with the 
watery environment through this activity 

Library— the ability to read more on the subject than 
what may be generally provided 

Sketch- the wide variety of subjects for painting, 
sketching, drawing within the Aquarium 

Photography— photos of various aquatic life by both amatuers 
and professionals 

CRITERIA 
A wide and diverse range of people will visit the Public 

Aquarium. These include students, teachers, families and 
individuals. The facility will provide a retreat from the 
urban life activities and provide a comfortable self paced 
learning experience. 

The student, both young and old, relate to nature through 
the above secondary activities. These usually occur during the 
day, more heavily on weekends and holidays. The experience can 
be public or private. Teachers will bring their students to 
the facility to increase the students' awareness and 
sensitivity to the natural world. \ 

A Librarian/ Educational Coordinator shall be an assistant 
of the General Curator. This ^rson must have the ability to 
organize aquatic programs to include not only the exhibits and 
their spaces, but audio/ visual techniques as well. The 
Librarian/ Educational Coordinator and the General Curator 
should work as a team to bring together the best aquatic, 
ecological, and nature interpretation program possible. 
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This activity can occur both indoors and outdoors- For 
individual learning, users will use the library resources for 
their information. The Librarian/ Educational Coordinator will 
be able to assist them in seeking the needed information-

The aquarium enthusiast and hobbyist will use the Aquarium 
and its library to discover ways of displaying, maintaining, 
and treating disease of aquatic life. He will also satisfy his 
need to be familiar with the most recently published 
information in the aquatic field. 

Classes may be held within the aquatic facility. Setting 
up the display, maintenance of the tank, selection of the life 
for the tank and treating aquatic diseases are but some of the 
subject areas which can be covered. The class size will range 
from 10 to 30 students. 

Overall, the student will be able to learn how to express 
nature through his own artistic and creative ways in the home 
tank. Art techniques, from sketching to painting, can be 
shared among the users. 

People who participate in the listening activity, such as 
lectures, do so for entertainment and to gain knowledge. This 
activity is public, happens primarily in the evening, and must 
be previously announced if a large audience is to attend. 

Education helps in the further understanding of each 
visitor who uses the facility. It should be incorporated into 
recreational activities whenever possible. 

NUMBER OF PEOPLE DOING ACTIVITY SQ. FT. REQ. PER PERSON 
1 Librarian/ 

Educational Coordinator 100 to 200 
20 people — to listen to lectures 10 to SO 

visual 
EDUCATION hearing 

olfactory 
taste 
touch 
library 
sketch 

photography 
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MAINTENANCE 

Maintaining the Public Aquarium and its facilities. 

SECONDARY ACTIVITIES 
- exhibit tank maintenance 
- backup tank maintenance 
- general exhibit maintenance 
- building maintenance 
- grounds maintenance 

CRITERIA 
The Aquarium will have an Aquarist Engineer and Marine 

Biologist on staff at all times to assist the General Curator 
in his responsibilities. These personnel shall perform 
specific tank maintenance and general exhibit maintenance as 
well as health and dietary functions. Aquatic life support 
systems shall also be maintained by these personnel. These 

the event of an in 

be on 
His 
City 
This 
with 
the 

people shall be on call 24 hours a day 
emergency. 

A Building/ Groundskeeper Superintendent shall also 
staff to insure building maintenance and grounds upkeep, 
responsibilities will include and may overlap those of 
ground maintenance agencies who maintain Nelson Park, 
person should have experience and be thoroughly familiar 
plumbing, electrical, and mechanical equipment as well 
sizes and locations of all utilities. 

The Building/ Groundskeeper Superintendent will likewise be 
responsible for daily janitorial tasks such as window and tank 
glass washing, trash collecting, sweeping, mopping, and basic 
cleaning. This also includes general repairs to the building 
and its grounds. 

There is a distinction between biological maintenance and 
building/ grounds maintenance and this must be recognized. 
However, these personnel must coordinate and work together to 
insure the effecient operation of the Aquarium facilities. A 
staff of part-time employees may be kept on hand to help with 
these operations if necessary. Maintenance occurs throughout 
the entire facility and surrounding grounds and needs to occur 
without interfering with public activities. 

NUMBER OF PEOPLE DOING ACTIVITY 
1 Aquar i st Eng i neer 
1 Marine Biologist 
1 Building/ Groundskeeper 
2 Maintenance Crewman 

SQ. FT. REQ. PER PERSON 
100 to 200 

II II II 

II II II 

II II II 

MAINTENANCE 
exhibit tanks 

backup tanks 
general exhibit 

building 
grounds 

page 137. 



RESEARCH 

The systematic inquiry of aquatic life 
display, exhibit possibilities, maintenance 
life support systems. 

processes, tank 
operations, and 

SECONDARY ACTIVI 
Inquiry-

Investigation-

Study-

Ex pioration-

Ex ami nation-

Consi der at i on— 

Reflection-
Weigh-
Doc umen t a t i on— 
Development-

TIES 
asking questions to learn more about aquatic 
life processes, tank display,... 
to discover facts through inspection of aquatic 
life processes, tank display,... 
to acquire knowledge of aquatic life processes, 
tank display,... 
to search for information about aquatic life 
processes, tank display,... for the purpose of 
discovery 
to obtain information in a documented manner 
about aquatic life processes, tank display,... 
to give special attention to aquatic life 
processes, tank display,... before making a 
decision or beginning an action 
looking back over past experience 
a deliberate and judicial estimate 
the use of evidence to substantiate a claim 
the process of developing theories or hypo
thesis for progress 

Note: the term "aquatic life" is used to denote all forms of 
plant and animal life living and growing within both fresh and 
salt water. 

CRITERIA 
The Librarian/ Educational Coordinator shall be the 

coordinator in these activities. However, these activities 
should be a very important and continuing process of all 
Aquarium staff and personnel. The constant and unceasing' 
effort to improve the facilities will guarantee its future 
success and growth. 

On the other hand, these activities should not be limited 
to the staff. The visitor may wish to further his education 
through the research activity. This would provide for 
continued use of the facility by the public as well as the 
personnel. 

NUMBER OF PEOPLE DOING ACTIVITY 
14 entire Aquarium Staff 

SQ. FT. REQ. PER PERSON 
10 to 100 

development 
documentati on 

weigh 
reflection 

RESEARCH 
inquiry 

investigation 
study 

exploration 
consideration examination 
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RETAIL 

The sale of goods to consumer, in this case food, drink, 
and aquatic life materials. 

SECONDARY ACTIVITIES 
Receiving— of goods for consumption 
Storage— of received goods 
Preparation— of goods for consumption 
Cooking— the edible goods for consumption 
Service— distribution of the goods to be consumed 
Dining— on goods for eating and drinking 
Cleanup— of areas where consumption takes place 
Display— of goods for consumption 
Purchase— of goods by the consumers 

Note: the term "consumption" is used to denote all forms of 
buying, selling and distirbution of both goods for actual 
eating and goods such as souvenirs and aquatic accessories. 

CRITERIA 
A Concession/ Retail Manager shall be responsible for 

providing the goods to be sold in the Aquarium. He may hire 
part-time or seasonal help when the need arises. Food and 
drink will be sold to the visitors and staff as well as aquatic 
accessories such fish food, life support equipment, fish 
medications, and tank maintenance supplies. 

This activity will take place during peak visitor days. 
Otherwise, special hours may be specified for the retail 
activity to take place. 

Receiving of goods from distributors should not interfere 
with public activities. The Concession/ Retail Manager may 
even be a part—time employee if necessary. 

This activity will occur to assist other activities such as 
recreation, education, etc. 

NUMBER OF PEOPLE DOING ACTIVITY SQ. FT. REQ. PER PERSON 
10 people 

(purchasing aquatic accessories) 10 to 20 
10 people 

(purchasing food and drink) 10 to 20 
100 to 200 
100 to 200 

1 Retail 
2 Retail 

receiving 
storage 

preparation 
cooking 
service 
dining 
cleanup 

Manager 
Crewman 

RETAIL 

display 
purch ase 
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TRANSPORTATION 

Transportation to and from the Aquarium via auto, bus 
motorcycle, bicycle, pedestrain, etc. 

SECONDARY ACTIVITIES 
parking - auto, motorcycle, bicycle 
loading & unloading - Abilene Transit 
pedestrian 

(bus), schoolbus, trucks 

persons may arrive in this 
frequented by bicycle riders 
safe bike racks should be 

CRITERIA 
There are many ways in which visitors will arrive at the 

Aquarium in any combination of adults and children. Employees 
will come and go daily and distributors will be weekly. 

All modes of transportation will enter from the south side 
of Nelson Park from Highway 36. Two main parking lots (the 
abandoned airstrips) provide more than enough parking for all 
sorts of vehicles, from auto to bus. Additional parking should 
be added to directly adjacent to the Aquarium for deliveries. 

Visitors will arrive in every manner of transportation 
possible, but most will be by automobile. From one to eight 

manner. The park is already 
during the summer so ample and 
available. Since the park is 

adjacent to a housing development, pedestrians are very 
possible. However, Nelson Park is already set up in such a way 
that one leaves his car in a central parking area and becomes a 
pedestrian. 

Currently, the Abilene Transit system does not service 
Nelson Park. It is recommended that the public bus service 
routes be expanded to include Nelson Park, the Zoo, the Fair 
Grounds, Shotwell Football Stadium, Taylor County Coliseum, and 
the proposed Aquarium facility^ 

Schoolbuses are very likely since the Aquarium would 
benefit form working with the Zoo and the Abilene Independent 
School District. One to forty-five persons may arrive at one 
time on a bus, so accessibility is very important. 

Safety and consideration of public needs are key factors to 
keeping Nelson Park the number one recreation area in Abilene. 
And finally, pedestrians must feel safe and comfortable while 
away from their automobile. 

NUMBER OF PEOPLE DOING ACTIVITY 
1 Delivery Person 

14 entire Aquarium Staff 
300 visitors 

SQ. FT. 
up to 

REQ. PER 
3360 per 
provided 
provided 

PERSON 
truck 

auto 
motorcycle 

bicycle 
bus 

schoolbus 
trucks 

pedestrian 

TRANSPORTATION 
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INFORMATION 

Communicating knowledge 
the Aquarium, its resources 

SECONDARY ACTIVITIES 

to the visitor 
and facilities. 

and staff through 

Admission-
Orient at ion-
Direct ion-

Publication-

Lee tur es— 

Audio— 

Visual-

of visitors into the Aquarium 
of visitors through the Aquarium 
of visitors to specific points 
interest 
of maps, plans, pamphlets, and 
enhance the visitor experience 
given by the staff to visitors on 
ecology 
developing sound equipment to 
visitor experience 
adding to the already visible exhibit 
specialized technique of display. 

of need or 

brochures to 

aquatic life 

amplify the 

through 

CRITERIA 
An Admissions/ Information Clerk will be responsible for 

direct public relations. This includes collecting an admission 
fee, giving directions, starting and stopping audio/ visual 
equipment, and giving lectures on the Aquarium for tours. 

This person shall work with the Educational Coordinator/ 
Librarian and the General Curator and staff to be up—to—date on 
all developments within the Aquarium. The Admissions/ 
Information Clerk will schedule tours, groups, etc. as well as 
direct the general public visitation. This person is the key 
link between the visitor and staff. 

Special information may be provided upon request concerning 
the research progress of the staff. The Admissions/ 
Information Clerk should be kept up to date on new info and be 
able to organize publications, including updates and revisions. 

NUMBER OF PEOPLE DOING ACTIVITY 
2 — Admission Clerks 

20 - people (to be admitted) 
20 - people (restroom faciliti 

SQ. FT. REQ. PER PERSON 
10 to 100 
10 to 20 
10 m, 10 w 

admission 
orientation 
direction 

publication 
lectures 
audio 

visual 

INFORMATION 
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lii! 

^ 

exotic 
temporary 

permanent 

native handicap 

RECREATION 

dining 
walking 
meditation 

m 
ml 

itorl 
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admission 
orientation 
direction 

publication 
lectures 
audio 

vi sual 

auto 
motorcycle 

bicycle 
bus 

schoolbus 
trucks 

pedestrian 

INFORMATION ADMINISTRATION 

organizing 
scheduling 
staffing 
budgeting 
accounting 
-fund raising 
public relations 
city relations 
society relations 
acquisitions 
i mp1ement at i on 

TRANSPORTATION EDUCATION 

receiving 
storage 

preparation 
cooking 
servi ng 
dining RETAIL 
cleanup 
display 
purchase 

MAINTENANCE 

visual 
hearing 
olfactory 
taste 
touch 
library 
sketch 

photography 

exhibit tanks 
backup tanks 
general exhibit 
building 
grounds 

development 
document at1on 

Heigh 
reflection 

conside^ration 

inquiry 
RESEARCH -^f^ investigation 

study 
exploration 

examination 

Ecological Circle of Activities 
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SIGNIFICANCE' 
Most importantly, one must realize the relationships, both 

direct and indirect, between the activities. For example, the 
activity "cooking" and the activity "eating" are directly 
associated so the kitchen and dining spaces are most often 
adjacent. On the other hand, "cooking" and "sleeping" are 
indirectly associated. This disassociation between these two 
activities usually means that the kitchen and bedroom spaces 
are at opposite ends of a house. However, this disassociation 
of activities is just as important as the association of 
others, since BOTH determine the location of spaces in 
relationship to each other. 

Therefore, no one activity, or its related spaces, may be 
isolated as one entity. Each activity is highly interdependent 
on the other (the whole is greater than the sum of the parts). 
A pattern language seems to recognize only direct associations 
between activities and ignore those which Are disassociated. 
Hence, an ecological circle of activities, each interdependent 
on the other, forms the whole entity where the sum of the parts 
plus their interdependence equals the whole. 

Based on the activity analysis, conclusions may be drawn as 
to the number and specifics of required staffing. Furthermore, 
linkages and interactions of required spaces Are recognized in 
terms of adjacency. The activity analysis helps the designer 
to preconceptualize both the functions and relationships of 
future space determinations. 

END NOTES 

1. McFadzean, Everly and Associates, ABILENE ZOOLOGICAL 
GARDENS: MANAGEMENT STUDY, May 1981. p. 46. 

2. McFadzean, Everly and Associates, ABILENE ZOOLOGICAL 
GARDENS: MASTER SITE DEVELOPMENT PLAN, May 1981. p. 5. 
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IX. SPACE ANALYSIS 

ABILENE PUBLIC AQUARIUM 
Nelson Park, Abilene, Texas 

ACTIVITY 
Serves to imply immediate relationships between the SPACES. 

REVENUE PRODUCING SPACE SQUARE FOOT REQUIRED 
Indicates the square footage available for the visitor to 
view the exhibits, read additional material, listen to 
lectures, purchase retail shop goods, pay admissions fee, 
and receive information, human user, including staff and 
visitors. 

NON-REVENUE PRODUCING SPACE SQUARE FOOT REQUIRED 
Indicates the square footage to be used by the staff for 
administration, education, maintenance, research, retail, 
transportation, and information plus the area required for 
the exhibit tanks. 

TOTAL SQUARE FOOT REQUIRED 
Indicates the REVENUE PRODUCING SPACE SQUARE FOOT REQUIRED 
plus the NON-REVENUE PRODUCING SPACE SQUARE FOOT REQUIRED. 

SOURCES: 
The following sources have been used in conjunction to 

derive space square footages on the DETAILED SPACE LIST. 

ARCHITECTURAL GRAPHIC STANDARDS, 7th Edition, Packard, 
Robert T., Editor, 1981. 

McGuinnes, William J., John S. Reynolds, Benjamin Stein, 
MECHANICAL AND ELECTRICAL EQUIPMENT FOR BUILDINGS, 6th Edition, 
1980. 

TIME-SAVER STANDARDS FOR ARCHITECTURAL DESIGN DATA, 5th 
Edition, Callender, John H., Editor, 1974. 

TIME SAVER STANDARDS FOR BUILDING TYPES, 2nd Edition, 
Callender, John H., 1980. 
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DETAILED SPACE LIST 
ACTIVITY/ SPACE 

recreation 
#1 main exhibit gallery 
2 saltwater exhibit gallery 
3 freshwater exhibit gallery 
4 outdoor aquatic landscape exhibits 

administration 
5 director's office 
6 general curator's office 
7 secretary/ receptionist 
8 storage room 

education 
9 library 
10 lecture/ staff room 
11 librarian/ educational coordinator office 

maintenance 
12 aquarist engineer's office 
13 marine biologist's office 
14 water storage/ filtration room 
15 food preparation area 
16 freezer 
17 tank maintenance/ equipment storage room 
18 building/ groundskeeper's office 
19 janitor closets 
20 waste disposal area 
21 mechanical rooms 
22 maintenance equipment storage rooms 

research 
23 pathogenic laboratory 
24 ecological laboratory 
25 life support laboratory 

retai1 
26 aquatic accessory shop 
27 concession/ dining shop 
28 retail manager's office 
29 storage 

NUMBER OF PEOPLE 
DOING ACTIVITY 

1-

1-
1-

1-

6 

50 
15 
30 

200 

1 
1 
4 

-3 using 

10 
20 
1 

1 
1 

-3 using 
-3 using 

1 
-5 using 

1 
@ 1 

1 
107. of 
4 

1 

@ 1 

2 
2 
2 

10 
10 
1 

usin 

using 

total 
using 

9 

transportation 
30 truck dock/ loading ramp 1-5 trucks 
31 service entrance 5 
32 parking (additional pavement is highly discouraged) 

information 
33 admission/ information desk 

publie restrooms 
entrance lobby 
check room 

34 
35 
36 

10 m, 10 w 
20 
50 
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SQ. FT. REQ. 
PER PERSON 

REVENUE 
PRODUCING SPACE 

SQ. FT. REQ. 

n 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 

26 
27 
28 
29 

30 
31 
32 

33 
34 
35 
36 

20 
20 
20 
lOO 

subtotals 

200 
150 
100 
25 

subtotals 

50 
15 

100 
subtotals 

100 
100 
40 
20 
100 
20 
100 
40 e. 
50 

20 
21 

(107. of total bldg. 
50 e. 

subtotals 

50 
50 
50 

subtotals 

15 
15 

100 
100 

subtotals 

up to 3360 
20 

(abandoned 
subtotals 

50 
20 
10 
2 

subtotals 
TnT/M C» 

per 

airstr: 

1000 
300 
600 
,ooo 
,900 

^ ^ — 

500 
300 
_--_ 

768 

_ _ ^ 

— 

_ _ _ 

— — 

_^.^ 

^ i _ ^ 

^ _ ^ 

— — 

. sq. 
— 
^ B ^ M M 

— — 

— — 

"""""" 

150 
150 
— 

— — 

300 

— — 

ips pi 
" • " • • " • 

400 
200 

600 
23,568 

ft.) 

NON-REVENUE 
PRODUCING SPACE 

SQ. FT. REQ. 

234 
112 
252 

3565 
4163 

200 
150 
400 
75 

825 

(8000 volumes) 

100 
132 

100 
100 

120 + 892 
60 
100 
100 
100 
240 
50 

1146 
200 

3208 

100 + 39 
100 + 16 
100 + 39 

394 

TOTAL 
SQ. FT. REQ. 

1234 
412 
852 

23,565 
26,063 

200 
150 
400 
75 

825 

«1 

100 
100 
200 

500 «2 
300 
100 
900 

100 
100 

1012 
60 
lOO 
100 
100 
240 
50 

1146 
200 

3208 

139 
116 
139 
394 

150 
150 
100 
100 
500 

«3 

3360 3360 
100 + 1 8 118 

provide more parking than required) 
3478 3478 

100 
^—.^ 

_ ^ ^ 

100 
200 

12,600 

100 
400 
200 
100 
800 

36,168 



»1 #1 — main exhibit gallery: 
50 people x 20 sq. ft. per person = 1000 sq. ft.; 
1000 sq. ft. + 234 sq. ft- ? 
? (133.7 sq. ft. (10,000 gallon Main Showcase Tank) 
-I- 100.3 sq. ft. (1,500 gallon Texas Stream Aquatic 

Life Tank) = 234 sq. ft.) 

*2 #9 - library: 10 people x 50 sq. ft. req. per person = 
500 sq. ft. X 16 volumes per sq. ft. = 8000 volumes. 

*3 #14 - water storage/ filtration room: 1 to 3 people using; 
3 people X 40 sq. ft. req. per person = 120 sq. ft.; 
120 sq. ft. + 892 sq. ft. ? 
? (445.6 sq. ft. x 2 (40,000 gal. reservoir tanks)) 

note: see SYSTEMS PERFORMANCE CRITERIA for TANK REQUIREMENTS 
PER SPACE and TANK SIZES AND SQUARE FOOTAGES. 

" I 

ll 

'' Il 

< 

Ul The TOTAL FACILITY SQUARE FOOTAGE is 36,168 sq. ft, 
""I (indoor and outdoor) 

The TOTAL BUILDING SQUARE FOOTAGE is 12,603 sq. ft. 

PERCENTAGES 

REVENUE PRODUCING SPACE is 657. of the TOTAL SQ. FT. REQ. 

NON-REVENUE PRODUCING SPACE is 357. of the TOTAL SQ. FT. REQ. 
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X. SYSTEMS PERFORMANCE CRITERIA 

ABILENE PUBLIC AQUARIUM 
Nelson Park, Abilene, Texas 

page 
TANK REQUIREMENTS PER SPACE 149, 

TANK SIZES AND SQUARE FOOTAGES 150. 

GENERAL HUMAN CONSIDERATIONS 151 

GENERAL AQUATIC CONSIDERATIONS 154. 

page |48. 



'I" I 

< 

TANK REQUIREMENTS PER SPACE 

MAIN EXHIBIT GALLERY 
10,000 gallon Main Showcase Tank 
1,500 gallon Texas Stream Aquatic Life 

SALTWATER EXHIBIT GALLERY 
700 gallon for Gulf of Mexico Tropical Reef Fishes 
700 gallon for Gulf of Mexico boney fish, rays, skates 
700 gallon for North American Atlantic Coldwater 
700 gallon for North American Pacific Coldwater 
150 gallon for Crustaceans and Oysters 
150 gallon for Seahorses 

FRESHWATER EXHIBIT GALLERY 
1,500 gallon for Texas Pond and Lake Aquatic Life 
700 gallon for North American Game and Predator Fish 
700 gallon for North American Sunfish varieties 
700 gallon for North American Catfish varieties 
700 gallon for North American Gar, Sturgeons, and Pike 
150 gallon for North American Minnow varieties 
150 gallon for Clams, Mussels, and Freshwater Crustaceans 
150 gallon for North American Exotics 
150 gallon for miscellaneous 

1,500 gallon for African Tropicals 
700 gallon for Lake Victorian Tropicals 
700 gallon for African Cichlid varieties 
150 gallon for Catfish and Scavengers 
ISO gallon for African Schooling varieties 

OUTDOOR AQUATIC LANDSCAPE EXHIBITS 
2 — 40,000 gallon Outdoor Ponds for water gardens 

WATER STORAGE/ FILTRATION ROOM 
2 - 20,000 gallon reservoir tanks 

PATHOGENIC LABORATORY 
quarantine/ treatment tanks 

5 - 5 5 gallon tanks 
5 — 3 0 gallon tanks 

ECOLOGICAL LABORATORY 
experimental tanks 

2 - 5 5 gallon tanks 
2 - 3 0 gallon tanks 

LIFE SUPPORT LABORATORY 
hatchery 

5 - 5 5 gallon tanks 
5 - 3 0 gallon tanks 

SERVICE ENTRANCE 
receiving tanks 

1 - 150 gallon tank 
2 - 5 5 gallon tanks 
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TANK SIZES AND SQUARE FOOTAGES 

Outdoor Ponds 
40,000 gallons / 7.48 = 5347.6 cu. ft. 
5347.6 cu. ft. / 3 ft. = 1782.5 sq. ft. 

Reservoir Tanks 
20,000 gallons / 7.48 = 2673.8 cu. ft. 
2673.8 cu. ft. / 6 ft. = 445.6 sq. ft. 

Main Showcase Tank 
10,000 gallons / 7.48 = 1336.9 cu. ft. 
1336.9 cu. ft. / 10 ft. = 133.7 sq. ft. 

Primary Exhibit Tanks 
1,500 gallons / 7.48 = 200.5 cu. ft. 
200 .5 cu . f t . / 2 f t . = 100.3 sq. f t . 

'^ 200 .5 cu- f t . / 7 f t . = 28 .6 sq. f t . 

'̂̂- Secondary Exhibit Tanks 
700 gallons / 7.48 = 93.6 cu. ft. 

93.6 cu. ft. / 4 ft. = 23.4 sq. ft. 

Standard Size Tanks 
150 gallon (72" x 18" x 28") 

6.0 ft. X 1.5 ft. = 9.0 sq. ft. 
55 gallon (48" x 13" x 20") 

4.0 ft. X 1.1 ft. = 4.4 sq. ft 
30 gallon (36" x 13" x 16") 

3.0 ft. X 1.1 ft. = 3.3 sq. ft 
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GENERAL HUMAN CONSIDERATIONS 

GENERAL PLANNING 
» Facility willl follow Uniform Building Code Standards. 
t Facility shall conform to barrier free codes and specifi
cations for all visitor and staff spaces. 

t Exhibit paths shall be at least 4 ft- wide-
ZONING 

* The site is zoned for recreational use- All facilities on 
the site shall not exceed two stories (20-24 ft.) in 
height. 

* Facilities surrounding the site are also no more than two 
story structures with the exception of Taylor County 
Coliseum. 

* Aquarium facilities shall abide by these restrictions. 
SITEWORK 

* Extreme care shall be exercised to preserve the exisiting 
vegetation for both indoor and outdoor uses. 

t Minimal paving shall be added to the existing site and 
must be properly landscaped to retain parkground 

If '• aesthetics. 
;r"i"i: ; 

i,iiii>i 

UN 

t Utilities must remain below grade, provide access points, 
allow for ease of future expansion, and be as direct as 
possible. 

.) FOUNDATIONS 
* Special considerations must be given to the foundation and 

its structure to provide support for the extreme weight 
of water filled tanks. 

t Tanks must be constructed independent of the foundation 
structure. 

STRUCTURAL 
t Must have a longevity of at least 30—40 years. 
* Must not be impaired or damaged by water from flooding or 
spillage. 

* Will allow for eade of possible future expansion. 
FINISHES 

t Shall be complimentary to an aquatic environment. 
* Must be appropriately durable against predictable wear. 
* Shall be invulnerable to water damage from accidental 
flooding and high humidity! 

* Floors must have a non—slip material finish in case of 
water spillage or flooding. 

CONVEYING SYSTEMS 
t Ramps shall be used exclusively throughout the facility, 
with a slope no greater than 1 in 12. 

SPECIALTIES 
(see GENERAL AQUATIC CONSIDERATIONS) 
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HEATING AND COOLING 
ifi, » Must be designed to accomodate both the human visitor and 

the aquatic environment. 
t Must be capable of handling the high humidity levels 
present within the Aquarium. 

is^ » Will keep the facility between 68 and 78 degrees F. year 
,)i, round. 

t Will consider passive solar design where possible by 
utilizing sun and wind for HVAC purposes. 

t Shall not interfere accoustically with the activities of 
the facility and therefore be located away from areas of 
public and high staff use if possible. 

PLUMBING 
* Restrooms are provided for the use of both the staff and 
public. 

t The men's restroom will consist of the following fixtures: 
3 water closets, 2 urinals, 2 lavatories. 

t The women's restroom will consist of the following 
fixtures: 4 water closets, 2 lavatories. 

* At least two drinking fountains shall be provided within 
the facility. 

t Floor drains must be provided in all spaces for accidental 
flooding and spillage. 

:u: ELECTRICAL 
'̂9̂' t All outlets shall be waterproof to prevent accidental 

shock in case of flooding. 
^̂̂'°̂  t Consideration must be given to possible flooding with 

respect to the location of all electrical lines. 
t Must allow for ease of expansion in the future. 

LIGHTING 
ii^r t Must be transitional from outdoor to the entrance lobby to 

the main exhibit gallery and then into the specific 
exhibit galleries. Must then be transitional from- the 
last exhibit gallery back into the public areas and 
finally outdoors. 

jr. t Staff areas shall be given careful consideration to 
deflti provide proper lighting with respect to the activity to be 

done within the space. Staff areas must be integrated 
jsjr into the general public area so as not to cause lighting 

interference for either set of human users. 
« Exhibit area lighting will portray the mood of the 

[lib underwater environment. Careful consideration must be 
given to the location of each fixture so as to provide 
maximum viewing of the exhibits without glare or 
distraction. 

« Labs will require high intensity light for the activities 
to be achieved. 

» Will use natural lighting where possible. 
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ACCOUSTICAL 
t The facility shall take advantage of the sound of falling 
water in the Main Exhibit Gallery and from tank filters. 

t Mechanical sounds, including those from the HVAC to pumps 
and filter motors, must be properly masked through either 
materials, location, or desirable sounds. 

EXITS 
t No area or space shall be more than 200 ft. from an exit 
for fire safety reasons. 

*i;;:r' 

C 

o 

ll 
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GENERAL AQUATIC CONSIDERATIONS 

WATER 
The basis of success for any aquatic environment is the 

physical and chemical properties of the contained body of 
water. The distinction of fishes is dependent on two 
properties of water - whether salt or fresh and whether warm 
(tropical - 72 to 80 degrees F.) or cold (65 to 72 degrees F.). 
Fish native to North America Are usually considered coldwater. 
Several terms are used to describe water conditions and Are 
listed below: 

Chioramine: 
A chemical complex of chlorine which is used in tap water 
purification yet extremely dangerous to aquatic life so must 
therefore be neutralized. 

Ammonia: 
Causes the blood of fish to lose its ability to carry oxygen 
and lowers resistance to disease. Ammonia builds up 
naturally in any aquatic environment and is usually removed 
or broken down into ammonium through filtration. 

Nitrite: 
A chemical which is produced from the ammonia breakdown 
process. Must be controlled through bacterial colonies and 
filtration. 

pH: 
Percent hydrogen. The amount of hydrogen in water directly 
determines the degree of acidity or alkalinity of the water. 

Salinity: 
The total amount of solid material in grams contained in one 
kilogram of saltwater when all the carbonate has been 
converted to oxide, the bromine and iodine replaced by 
chlorine, and all organic matter completely oxidized. 

Hardness: 
The amount of calcium or magnesium present.1. 

WATER PRESSURE 
A basic understanding of water pressure and the related 

forces is necessary in the design of an aquarium facility. The 
pressure in a large body of water is nearly hydrostatic. This 
means that at any depth the total pressure is nearly equal to 
the atmospheric pressure plus the weight of the overlaying 
column of water per unit area. Horizontal pressure gradients 
are created by horizontal variations in the weight of the water 
or water density. These gradients in turn cause horizontal 
movements of water sections where specific species of aquatic 
life thrive best.2. 

Furthermore, water movement and the resulting drag act in a 
geostrophic relation. Meaning that current movements are 
proportional to wind direction and speed and the Coriolis force 
which deflects movement to the right in the Northern 
Hemisphere. Thus, each depth of water, as determined by its 
pressure zone which is influenced by shear stress and the 
Coriolis force, moves to the right but at slower speeds than 
the preceding level above.3. 
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AERATION 
Along with filtration, aeration is the single most important 

factor in the aquatic environment. Aeration increases the 
oxidization of organic waste and provides oxygen for the 
aquatic life - plant and animal. Oxygen must usually be 
introduced into the aquatic tanks since most are covered for 
lighting and support and to protect fish from jumping out. 
Proper aeration increases the number of species which may be 
introduced to the tank and necessary to create proper 
environments for spawning. 

There are many ways to aerate a tank, including filtration. 
For example, outside filters increase oxygen supply as the 
water is stirred up when pumped back or spilled over into the 
tank. Undergravel filters operate with air pumped into tubes 
which create rising columns of air and water. The main 
consideration in proper aeration is to use air pumps large 
enough to pump enough oxygen as deep as any of the tanks might 
be. A rough estimate would be 150 cubic feet per minute 
capacity against a maximum head water pressure of 10 feet. 

LIGHTING 
Another factor for consideration in proper tank display is 

the aspect of lighting. Flourescent fixtures with broad 
spectrum tubes are highly recommended for several reasons. 
First, this type of lighting is more natural in aquatic dis
plays without creating seemingly false coloration of the 
environment. Second, aquatic plants grow and thrive very well 
in this type of light. Third, flourescent fixtures put out 
less heat than incandescent fixtures and this is very impor
tant when tank temperatures must be controlled. 

On the other hand, natural light might be considered 
desirable in some displays but direct sunlight tends to make 
algae hard to control. Thus, if sunlight is used to light 
tanks, translucent rather than transparent panels should be 
used. Natural light should be supplemented with flourescent 
lighting though since some aquatic plants require specific 
amounts of light for specific amounts of time. 

TANK STRUCTURES 
The forces which must then be dealt with in the design of 

any tank of water are horizontal loading, inertial forces, 
unequal hydrostatic forces, and lateral displacements. 
Concrete reinforced with steel and protected with nontoxic 
sealants Are generally recommended for extremely large tanks 
since these materials are easily maintained and reliable. In 
tanks of 150 gallons or less, standard tank sizes should be 
used since aquatic accessories are designed to match. 

STOCKING 
Tanks should be stocked with no more than 1" of fish per 

gallon of water or one pound of fish per 100 gallons of water. 
On the other hand, how many fish that may be stocked is highly 
dependent on the biological breakdown of organic waste through 
filtration and aeration. 
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FILTRATION 
Filter systems should turn over AT LEAST one tank volume of 

water per hour. There are many different types of filters to 
perform many kinds of functions; all primarily the removal or 
breakdown of ammonia. The major types are listed below: 

Diatomaceous earth filters: 
A new development for aquatic tanks which is used primarily 
for water clarity and the control of both bacterial and 
parasitic diseases. Provides a periodic supplement to 
regular tank filtration. 

Undergravel filters: 
Should be used in every tank since this provides the basic 
biological breakdown of waste. Pulls organic matter down 
through the gravel to form a decay bed underneath the gravel 
plates where bacteria may begin the chemical breakdown of 
waste. 

Canister filters: 
Used for giant tanks where large volumes of water must be 
filtered. May be filled with different types of resin 
exchange mediums, usually carbon. 

Biological filters: 
This type of filter promotes the growth of beneficial 
bacterial colonies through the addition of substances such 
as ehfisubstrat and ehfilav. Usually a canister type 
filter. 

Sand filters: 
Essentially a canister filter filled with sand and gravel. 

Outside filter: 
Water is siphoned into a filter box, which hangs on the side 
of the tank, where it passes through resin exchange mediums 
such as carbon and then pumped back into the tank. 

Power filters: 
Essentially an outside filter except that water is pumped in 
to pass through the medium and then overflows back into the 
tank. 

Inside tank filters: 
Should be considered obsolete in aquatic technology and 
should therefore not recommended for use. This type of 
filter disturbs the tank environment since it must be 
removed periodically to change mediums. The filter is also 
an unsightly mechanical object within the tank. 

Separate filtration systems should be developed for each 
tank for two reasons. First, aquatic diseases may be isolated 
and controlled more readily. Second, individual aquatic 
environments may be created according to species requirements. 
In addition to filtration, 10 to 20X of the water should be 
changed every month. For this reason, reservoir tanks should 
constantly be kept full. 
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END NOTES 

1. Wheaton, Frederick W., AQUACULTURAL ENGINEERING, 1985. 
pp. 33—36. 

2. OCEAN ENGINEERING, GOALS, ENVIRONMENT, TECHNOLOGY, 
Brahtz, John F., Editor, 1968. pp. 215-216. 

3. IBID. 
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XI. COST ANALYSIS 

ABILENE PUBLIC AQUARIUM 
Nelson Park, Abilene, Texas 

page 
FACILITY CONSTRUCTION COST 161. 

INITIAL CAPITAL COSTS 163. 

4 

COST PER SQUARE FOOT 163. 

ESTIMATED PROJECT ESCALATION TIME 164. 

ANNUAL OPERATING COSTS 165. 

ANNUAL REVENUE 165. 

SOURCES: 
The following sources have been used in conjunction to 

derive estimations of project cost and time. 

Claugh, Richard H., CONSTRUCTION PROJECT MANAGEMENT, 2nd 
Edition, 1979. 

DODGE CONSTRUCTION SYSTEMS COSTS, Pereira, Percival E. , 
Chief Editor, 1983. 

NATIONAL CONSTRUCTION ESTIMATOR, Moselle, Gary, Editor, 
1982. .rv\ 
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FACILITY CONSTRUCTION COST 
ACTIVITY/ SPACE 

recreation 
#1 main exhibit gallery 
2 saltwater exhibit gallery 
3 freshwater exhibit gallery 
4 outdoor aquatic landscape exhibit! 

administration 
5 director's office 
6 general curator's office 
7 secretary/ receptionist 
8 storage room 

TOTAL 
SQ. FT. REQ. 

1234 
412 
852 

23,565 

200 
150 
400 
75 

education 
9 library 
10 lecture/ staff room 
11 librarian/ educational coordinator office 

500 
300 
100 

maintenance 
12 aquarist engineer's office 
13 marine biologist's office 
14 water storage/ filtration room 
15 food preparation area 
16 freezer 
17 tank maintenance/ equipment storage room 
18 building/ groundskeeper's office 
19 janitor closets 
20 waste disposal area 
21 mechanical rooms 
22 maintenance equipment storage rooms 

100 
100 

1012 
60 
100 
100 
100 
240 
50 

1146 
200 

research 
23 pathogenic laboratory 
24 ecological laboratory 
25 life support laboratory 

139 
116 
139 

retail 
26 aquatic accessory shop 
27 concession/ dining shop 
28 retail manager's office 
29 storage 

transportation 
30 truck dock/ loading ramp 
31 service entrance 
32 parking 

150 
150 
100 
100 

3360 
118 

information 
33 admission/ information desk 

public restrooms 
entrance lobby 
check room 
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35 
36 

l(0l. 

100 
400 
200 
100 



#1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 

26 
27 
28 
29 

30 
31 
32 

3 3 
34 
35 
36 

COST PER 
SQUARE FOOT 

• 7 9 . 7 7 
i l 

i l 

2 4 . OO 

6 6 . 3 9 
I f 

11 

11 

7 8 . 7 6 
i t 

I I 

7 9 . 2 1 
I I 

11 

i l 

I I 

i t 

i l 

n 

I I 

I I 

11 

9 6 . 8 5 
i l 

11 

4 2 . 9 7 
7 6 . 4 0 
6 6 . 3 9 

i l 

4 2 . 0 0 
I I 

' • • • 

53 .11 
11 

I I 

11 

(Dodge Manual, Museums, p. 40.) 

II 

II 

II 11 

•I 

11 

(Nat. Const. Estimator, Pools, p. 238.) 
subtotal 

(Dodge Manual, Office Bldgs., p. 33.) 
I I 

I I 

11 

I I 

I I 

I I 

subtota l 

(Dodge Manual, Public Libraries, p. 41.) 
il 11 11 II II 

I I 11 i l 

i l 

I I 11 

subtotal 

(Dodge Manual, Lab. Bldgs. p. 40.) 

II 

u 

11 

II 

II 

11 

II 

11 

•I 

11 

II 

II 

II 

II 

11 

II 

11 

II 

II 

11 

11 

il 

II 

II 

il 

il 

11 

II 

11 

II 

li 

II 

11 

il 

i l 

11 

11 

I I 

I I 

I I 

I I 

I I 

11 

dg 
I I 

11 

i l 

11 

I I 

i l 

i l 

11 

i l 

i l 

I I 

subtota l 

s . , p. 40. 
11 

I I 

subtotal 

(Dodge Manual, Stores, Shops, p. 34.) 
•• •• Fast Food Rest., p. 28, 
•• " Office Bldgs., p. 33.) 
n 11 II •• •• 

subtotal 

TOTAL 
COST 

* 98,437 
32,866 
67,965 

565,560 
764,828 

13,278 
9,959 

26,556 
4,980 

54,773 

39,380 
23,628 
7,876 

70,884 

7,921 
7,921 

80,161 
4,753 
7,921 
7,921 
7.921 
19,011 
3,961 

90,775 
15,842 

254,108 

13,463 
11,235 
13,463 
38,161 

6,446 
11,460 
6,639 
6,639 

31,184 

(Dodge Manual, Off. & Warehse., p. 31.) 141,120 
il 11 il H " " 4 , 9 5 6 

subtotal 

(Dodge Manual, Ed. Serv. Center, p. 39.) 
11 

•I 

II 

11 

II 

11 

11 

II il 

il 

•I 

il 

subtotal 
tal FACILITY CONSTRUCTION COST 

39 
M 

11 

II 

. ) 

*^ 

146, 

5, 
21 , 
10, 

5, 
42, 

,402, 

076 

311 
,244 
,622 
,311 
,488 
,502 



t plus INTIAL CAPITAL COSTS 

Land - donated by the city 
Parking - existing on site 

Landscaping - outdoor aquatic landscape exhibits 
Electrical Equipment @ 107. - *140,251 

Mechanical System @ 257. - 350,626 
subtotal - 490,877 

+ 1,402,502 
Architectural, Engineering, = *1,893,379 

Consulting, Sc Contingency Fees @ 10% + 189,338 

TOTAL FACILITY CONSTRUCTION COST *2,082,717 

The TOTAL FACILITY SQUARE FOOTAGE is 36,168 sq. ft. 
(both indoor and outdoor) 

The TOTAL BUILDING SQUARE FOOTAGE is 12,603 sq. ft. 

The AVERAGE COST PER SQUARE FOOT FOR THE FACILITY is 
•57.59 / sq. ft 

The AVERAGE COST PER SQUARE FOOT FOR THE BUILDING 
(excluding outdoor aquatic landscape exhibits) is 

•120.38 / sq. ft 

page 1̂ 3. 



ESTIMATED PROJECT ESCALATION TIME 

A 

ARCHITECT OWNER 
\ / 

interview topo. tests 

MAY '86 
budget 

review 

contract 

research program 
JUNE JUNE 

preliminary 
JULY JULY 

dsgn. dvlpmnt. evaluation critical review 
AUG. AUG. 

3-D acceptance % fee 
SEPT. SEPT. 

I bdgt. reviews cost estimate 
contract / wrkng. drwngs. 
drawings \ 

engineering 

approval continuation 

specifications review documents 
JULY '87 JULY '87 

choose cntrctr. review 

bid opening 

CONTRACTOR 
I 
I _ ^ _ _ _ ^ ^ _ ^ 

(Ibr., matrl 

proceeds 

AUG. 
receiving bids 

, subcntrcts.) 
SEPT. 

supervision 

AUG. 

contract 
SEPT, 

acceptance 

insurance review 

permits color 
OCT. '87 OCT. '87 

sub-cntrctr. approval finishes conferenc< 

construction materials furnishings 

mnthy. rqust. prgrss. rprts. conferences 

final rqust. approval payments 
MAR. '89 MAR. '89 

final approval final inspection payments 

PROJECT ESCALATION TIME is 3 years and 10 months or 46 months! 
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ANNUAL OPERATING COSTS 

salary staff - annual 

Librarian/ 

income 
Director 

General Curator 
Secretary/ Receptionist 
Educational Coordinator 

Aquarist Engineer 
Marine Biologist 

Building/ Groundskeeper 
Retai1 Manager 

subtotal 

- ^20,000 
- 17,000 
- 11,000 
- 13,000 
- 14,000 
- 14,000 
- 12,000 
- 12,000 
•113,000 

hourly employees — 40 hours./ wk. max.; 3.50 / hr. avg 
Maintenance Crew (two) 

Retail Crew (two) 
Admission Clerks (two) 

subtotal 

Personnel 

13,440 
13,440 
13,440 

•40,320 

Services 
Supplies 

Maintenance 
Other 

537. 
237. 
27. 

227. 
TOTAL ANNUAL OPERATING COST 

•153,320 
66,535 

5,786 
63,643 

•289,284 

< li 
m\ 

ANNUAL REVENUE 

Admissions: 

full 
child 
adult 

special 
child 
adult 

free admissions 

TOTAL 

Public Service: 

'/. of 
attendance 

(net-after expenses) 

food and beverages 
gift and book sal 
animal food 
stroller rental 
memberships 

es 

26 
44 

13 
6 
11 

100 

/ capi 

attendance 

ta 
spending 

.09 to 

.05 to 
-01 to 
-01 to 

.15 

.15 

.02 

.02 

125,000 

32,500 
55,000 

16,250 
7,500 
13,750 

100,000 

/ capita 
spending 

/ capita 
spending 

.12 

. 10 

.02 

.02 

.05 

TOTAL ANNUAL 

avg. 

.50 
1.00 

.25 

.50 
-0-

X 

total 

•16,250 
55,000 

4,063 
3,750 
-0-

•79,063 

125,000 total 

11 

II 

II 

II 

•1 

TOTAL 

REVENUE 

•15,000 
12,500 
2,500 
2,500 
6,250 

•38,750 

•117,813 
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XIII. CONVERSION TABLES 

MULTIPLY •Y 

Acraa 43,S60 
Acr»-4Mt 43,360 
Acr«-^Mt 329,691 

AtMOspharas •••••••• 76.00 
At«asphar«« ••••• • 29.92 
Atmospharvs • • • • • • • • • • • • • • « • « • • 33.90 
Atfliosphara* • • • • • • • • • • • • • 14.70 

B.T.U./Mln 12.96 
•.T.U./ain. •• 0.023S6 

CantlMSt 
CantlNMtar 
CantlNMtar 
CantlMAtar 
Cantiaatar 

0.39390 
tt4 aareury • • • • 0.01316 
o4 aareury .....••.. O.44610 
o4 aaraupy ••.••••. 97.00 
o* aareury 0.1934O 

Cuble 4mmt. • 1728 ...... 
Cuble «aat 0.03704 
Cubic «aat 7.48092 
Cuble 4mmt 29.92 
Cuble 
Cuble 

faat/Blnuta 472 
faat/alnuta 0.1247 

Cuble 4aat/«aeend 0.646317 
Cuble faat/aacond 44B.B31 
Cuble yarda .........•••....••• 27 ...... 
Cuble yards 202 

Faat o4 Matar • • 0.0293 
Faat of Matar 0.8826 
Faat o« Matar 62.43 
Faat of Matar 0.4339 
Faat/aln 0.01667 
Faat/aln 0.01136 
Faat/aae 0.6818 
Faat/aae 0.01136 

6«llena 3783 ...••• 
Gallona 0.1337 
Sallona .••.••.«• 231 ...... 
Ballona 4 
eallona of Matar 8.3433 
Sallona/Mln. 0.002228 
6allena/aln. 8.0208 
Sallona of Matar/aln. 6.0086 

Inehaa .*.•............•.....•.• 2.94 
Inehaa of aareury 0.03342 
Inchoa of aareury •••••..•.....• 1.133 
Inehaa of aareury .....•.•..•... 0.4912 
Inehaa of Matar .;...• 0.002498 
Inehaa of Matar 0.07393 
Inehaa of Matar 9.202 
Inehaa of Matar .•••... 0.03613 

Lltara lOOO 
tltara 61.02 
titara 0.2642 

miaa .; •• 9280 .... 
Hllaa/hr. 88 .... 
nileo/hr •..*•...• 1.467 

Hllllaatara 0.1 
HlUiaatara .' 0.039^ 

millen gal./day 1.94723 

Founda of Matar • 0.01602 
Founda of Matar ............... 27.68 
Pounda of Matar ................ 0.1198 
Founda/euble Ineh 1728 
Feunda/aq. foot 0.01602 
Founda/aq. Ineh 0.06804 
Founda/aq. Ineh 2.307 
Fouhdo/aq. ineh ...•• 2.036 

Ouarta <dry> 67.2 
Ouarta Ulquidl 97.79 

Squara faat 144 
Squara allaa 640 
Squaro yarda .....a... 9 

Taap. 
Tamp. 

(C.) 
(C.) 

• 273 ............... 1 ...... 
•*• 17.28 1.8 

Taap. IF. > • 460 j ....... 
Tamp. (F.) - 32 ..•••..... 9/9 

Tona lahort) 2000 ...... 
Tona of Matar/24 hra. ......... 83.333 
Tona of Matar/24 hra 0.16643 
Ttmm of Matar/24 hra 1.3349 

TO OBTAIN 

Squara faat 
Cuble faat 
Gallona 

Caa. of aareury 
Inehaa of aareury 
Faat of Watar 
Lba./aq. Ineh 

Foot-lba./ 
HoraapoMar 

• Inehaa 
. Ataoapharaa 
. Faat of Matar 
. Lba./aq. ft. 
• Lba./aq. Ineh 

• Cuble Inehaa 
• Cuble yarda 
. Gallona 
. Ouarta (llquldl 
• Cuble eaa./aae. 
. 6allana/aac. 
• nillion gala./day 
• 6allona/aln. 
• Cuble faat 
• Gallona 

. Ataoapharaa 

. Inehaa of aareury 

. Lba./aq. ft. 
• Lba./aq. In. 
. Faat/aae. 
. Hllaa/hr. 
. miaa/hr. 
. Nllaa/aln. 

. Cuble eantlaatara 

. Cuble faat 

. Cuble Inehaa 

. Ouarta (liquid) 
• Founda of Matar 
. Cuble faat/aae. 
. Cuble ft./hr. 
• Tona Mtr./24 hra. 

. Cantlaatara 

. Ataoapharaa 
• Faat of Matar 
. Lba./aq. ft. 
. Ataoapharaa 
• Inehaa of aareury 
. Lba./aq. ft. 
• Lba./aq. Ineh 

Cuble eantlaatara 
Cuble Inehaa 
Gallona 

Faat 
Faat/aln. 
Faat/aae. 

• Cantlaatara 
. Inehaa 

• Cuble ft./aae. 
• 

. Cuble faat 

. Cuble Inehaa 

. Gallona 

. Lba. euble foot 

. Faat of Matar 

. Ataoapharaa 

. Faat of Matar 

. Inehaa of aareury 

• Cuble Inehaa 
. Cuble Inehaa 

. Bquara Inehaa 
• Aeraa 
• Bquara faat 

• Aba. taap. (C.) 
. Taap. (F.> 
. Aba. taap. IF.I 
. Taap. (C.) 
Founda 
Pounda watar/hr. 
6allona/«ln. 
Cu. ft./hr. 
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