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CHAPTER I 

INTRODUCTION 

Despite the number of aquarium environments designed in the past 50 years, 

little is known about the interaction of marine mammals and humans. We have 

concentrated on the technology required to keep these animals alive and ignored the 

behavioral requirements necessary for their well-adjusted existence. Facility planning 

relating to the education of the pubUc, initiation of new research, and the protection of 

marine mammals has been thoroughly researched yet few aquariums have focused on 

the behavioral interaction between marine mammals and humans. In order to design a 

facility specifically for marine mammals, principally whales and dolphins, this thesis 

investigates those issues concerning the behavioral aspects of interaction between 

marine mammals and humans. Phase one of the research was a review of the literature 

on the behavior of marine mammals and their interactions with humans as well as a 

literature review on facilities planning and the management of aquariums designed for 

the purpose of research and education. Phase two of the research includes an 

examination of several existing aquariums to determine design criteria relating to 

behavioral issues, facility planning, and technological issues considered in the design of 

marine habitats for the housing of whales and dolphins. Site investigations include 

interviews with animal trainers, facilities maintenance personnel, education staff, and 

volunteer support staff. The aquariums studied included the National Aquarium in 



Baltimore and the Vancouver National Aquarium. The behavioral research and site 

investigations were completed in order to design a faciUty to house dolphins which 

encompasses the behavioral interaction criteria found during the research phase of the 

project. 

Over the past twenty to thirty years there have been considerable criticisms 

against keeping animals in captivity. A number of questions have been raised as to the 

scientific validity of doing so and to the humane treatment of the animals in the 

process. In the past animals in captivity were separated from their natural 

surroundings and were often being held at the expense of their lives. Zoos were often 

constructed as holding facilities with very Uttle consideration of the behavioral welfare 

of the animals. The animals were often placed in cages resembling jail cells, which 

were constructed only with the welfare of the keepers and viewers in mind. The cages 

were designed mainly for ease of maintenance, with concrete floors and walls and 

display areas constructed from steel bars through which the animals were viewed. 

However, in the recent past and especially in the past decade more time and energy 

has been spent on creating more environmentally appropriate habitats for animals. In 

these new type of habitats the animal's natural setting is carefully recreated, keeping 

the animals sleeping, eating, mating, and playing habits in mind. Captivity in the zoo 

environment has ceased to be a thing of display as managers and designers have 

become more conscious of animal behavior and welfare. 



In marine parks or aquatic zoos this approach, especiaUy for larger animals, has 

received less attention In small displays and tanks, the life of the coral reef has been 

recreated carefully in order to maintain a more natural balance among the reef 

inhabitants. Unfortunately the careful attention paid to these recreations has focused 

mainly on keeping these animals alive in a closed environment. The necessity of 

maintaining stringent controls over artificially created approximations to reality has 

informed designers and marine biologists of the importance of more natural settings. 

Although much attention has been paid to these small displays and meticulous effort 

has been undertaken in order to maintain them, the environments and display tanks for 

larger aquatic life still closely resemble the jail-like cages that once housed their land 

inhabiting counterparts. Many examples of the lack of concern for larger animals can 

be seen as early as the nineteenth century. 

A classic case is the extremely tame bottle nose dolphin whose 
breathing was studied by Jolyet, 1873, at the Biological Station in 
Arcachon. In 1877 and again in 1878 the Westminster Aquarium in 
London played host to a white whale brought over from America. In 
Brighton and Copenhagen porpoises were put on display, and in 1907 
the New York Aquarium possessed a herd of twelve bottlenose 
dolphins. But all these animals lived for only a few months in captivity.' 

In an effort to correct this oversight, this thesis will attempt to show the behavioral 

patterns and natural environment requirements of one such aquatic animal. Orcinus 

orca, better known as the killer whale, is a popular attraction at many marine parks 

and is the largest member of the dolphin family. KiUer whales are typically displayed 

'Everhard J.Slipjer, Whales and Dolphins. (Ann Arbor: The Universit> of Michigan Press, 
1976), 61. 



in large tanks that very closely resemble large swimming pools. These aquatic 

mammals are viewed through large acrylic windows placed just below the upper water 

level of the tank. Almost no effort has been made to show these creatures in their 

natural environment or to educate viewers on the importance of a heahhy and 

biologically diverse marine environment. 

In the wild the killer whales exhibit a wide range of social characteristics 

ranging from group hunting to maternal behaviors. Through the limiting of display 

tanks to environments that do not show the animal in its natural setting, many of these 

behaviors become increasingly difficult to observe in a captive setting. The scientific 

study of these animals is therefore greatly reduced, and the argument for keeping them 

in captivity becomes tenuous at best. In an effort to strengthen the research and 

educational possibilities in the captive environment an attempt to house these animals 

in a habitat which closely resembles, if not actually incorporates, their natural habitat is 

needed. This thesis proposes to create a research and viewing facility which 

incorporates the killer whales natural habitat in an off shore containment area. 



CHAPTER II 

THE KILLER WHALE 

Environment. Physical Characteristics, and Food 

KiUer whales inhabit coastal waters in most parts of the world. Throughout 

time "[the] killer whale - boldly marked in black and white, [has] often [been] seen in 

waters frequented by man, and [is] now recruited as the star performer in oceanariums 

- [and] is one of the most familiar marine mammals."' Although named the killer 

whale by early fishermen, the mammals scientific name is Orcinus orca, it is the largest 

member of the dolphin family. Orcas are carnivores and have a reputation for being 

voracious eaters. 

Mutual cooperation in the hunt is known to be a sure fact for the killer 
whale. In large groups they wiU hunt herds of seals, sea lions, and 
walruses, circling around them and splitting them up so that they can 
get at the young of their prey which are usually in the center of the 
herd.' 

The ferociousness of the hunt is the reason the orca has earned the name the killer 

whale. A group or pod oiorcas is extremely adept at acquiring food and "[of] the few 

marine mammals that eat warm-blooded prey, the killer whale is the largest and 

swiftest, having a top speed of about thirty land miles per hour."^ The diet of most of 

the members of the dolphin family is made up mainly of small fish. Although dolphins 

" Delphine Haley, ed.. Marine Mammals of Eastern North Pacific and Arctic Waters 
( Washington: Pacific Search Press. 1978), 121. 

Everhard J.Slipjer, Whales and Dolphins (Ann Arbor: The Uni\ersity of Michigan Press, 
1976). 64. 

"Delphine Haley, ed.. Marine Mammals of Eastern North Pacific and Arctic Waters 



do have teeth they are primarily used to grab their food and are not used for tearing 

or chewing. Most members of the dolphin family prefer to gulp down their prey 

whole. 

This restriction does not apply to the killer whale {Orcinus orca), a 
dolphin which can be up to 9.50 meters in length. ... It is doubtful that 
any human being has ever been killed by a killer whale, yet every sailor 
grows uncomfortable when its razor - sharp dorsal fin appears above 
the surface of the sea. The fact is that the killer whale is not a fish 
eater. It prefers to eat birds and aquatic mammals. Its chief foods are 
penguins, common porpoises, dolphins, narwhals, belugas, seals, and 
sea lions.^ 

Killer whales, like other members of the dolphin family, have teeth. However, unlike 

their smaller counterparts, the killer whales use their teeth to tear off chunks of their 

prey. "In each half of their jaw the kiUer whales have ten to fourteen sharp teeth, these 

may be worn down in older members of the species. When their prey is not too large, 

they will gulp it down whole. "̂  

Like other members of the dolphin family "[t]he killer whale {Orcinus orca) 

cruises throughout North Pacific waters in all months of the year. It ranges, in fact, 

through all seas of the world to the very limits of polar fast ice."^ However, unlike 

smaller dolphins, the killer whale has several characteristics which are not commonly 

(Washington: Pacific Search Press, 1978), 121. 

^ Everhard J. Slipjer, Whales and Dolphins (Ann Arbor: The University of Michigan Press, 
1976), 64. 

^ Ibid, 65. 

^Delphine Haley, ed., Marine Mammals of Eastern North Pacific and Arctic Waters 
(Washington: Pacific Search Press, 1978), 121. 



found in other members of the species. The use of their teeth for feeding is one 

Another characteristic which is unique to the killer whale is its ability to make long 

dives, from one to ten minutes in duration, while maintaining relatively high speeds. 

Herald Anderson, editor of The Biology of Marine Mammals, states that "[w]ith the 

exception of the killer whale, which is capable of swimming at a tremendous speed, it 

appears that the shorter period an animal dives, the faster it usually swims. "̂  This 

characteristic is of interest only when compared to the killer whales extraordinary' size 

The male killer whale attains a known length of thirty-two feet and an 
estimated weight of nine or ten tons, the female a known length of 
twenty-eight feet and an estimated weight of five or six tons.^ 

Although the extreme weight of these mammals seems excessive in comparison to 

large land inhabiting mammals, a good deal of the weight is offset by their underwater 

habitation. The extraordinary size of these creatures is not limited solely to their 

weight. "The killer whale's flipper or "hand" is broad and rounded, like a large table — 

tennis paddle. In the male, it may reach a length of 6.7 feet and a width of 4 feet, while 

the width of the tail flukes, tip to tip, may reach 9 feet."'° The dorsal fin, a large 

triangular appendage, is located on the center back of the animal. In "...the male [it] 

attains a height of 5.6 feet, and that of the female about 3 feet."" 

Herald T. Anderson, ed.. The Biology of Marine Mammals (New York and London: 
Academic Press, 1969), 393. 

Delphine Haley, ed.. Marine Mammals of Eastern North Pacific and Arctic Waters 
(Washington: Pacific Search Press, 1978), 121. 

'^Ibid. 121. 

"ibid. 121. 



Social Groupings. Mating, and Maternal Behavior 

Humans have been fascinated by the killer whale since the earliest recorded 

times, "[m]any people beUeve that between man and the whales and dolphins there is a 

mystical bond, an inexplicable kinship that has been recognized and celebrated in art, 

legend, and literature..."'̂  One explanation for this attachment may be that members 

of the dolphin family exhibit many types of social behaviors ranging from family like 

structure within a group to the inclusion of outsiders into that family pod. Another 

reason for man's attraction to these animals may be that "[t]hey are ... gregarious 

animals, more closely attached to the human species than to other species that live a 

solitary life. Up to a certain point they will readily incorporate human beings into their 

herds. "'̂  The phenomenon of including humans into the social group or pod can be 

observed in the wild as well as in captivity. Examples of this behavior among the 

dolphin family can be seen in "[t]he common and bottlenose dolphins of the large 

aquariums [which] let humans pet them with visible relish. Even when they are living 

free, these animals may develop friendships with human beings."''* The apparent 

"...absence of timidity is common to almost all cetaceans."'̂  Everhard J. Slipjer, 

'^Delphine Haley, ed.. Marine Mammals of Eastern North Pacific and Arctic Waters 
(Washington: Pacific Search Press, 1978), 121. 

'^Everhard J. Slipjer, Whales and Dolphins (Ann Arbor: The University of Michigan Press, 
1976), 64. 

'•̂  Ibid, 64. 

'-Ibid, 64. 
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author of Whales and Dolphins states that "[t]his attitude and behavior seems to be 

based on the fact that these animals have so few enemies and, as a group, are not 

threatened by a single natural enemy from above the surface of the water. "'̂  

In the captive environment dolphins are extremely well adapted to learning and 

being trained. This behavior may be based on several factors such as their lack of a 

natural enemy, their apparent lack of timidity, or their overall social grouping 

behavior. Another factor in the trainability of these animals may 

...also [be] based on the fact that they are diurnal animals whose active 
periods roughly coincide with those of human beings over a 
twenty-four-hour span. They sleep for about an hour after each meal, 
floating on the surface or not far below it. At night they sleep 
continuously for long periods.'^ 

For most oceanariums the trainability of these animals have led to them becoming a 

popular attraction for tourists; however, their trainability and ease of acclimation to 

humans makes them ideal candidates for scientific study. 

Scientists have spent exhaustive hours studying the social dynamics of dolphin 

pods in the wild. From these studies researchers have discovered that 

most of the kinds of social units have been found among the cetaceans 
that are evident among land mammals. Troupes of one hundred to one 
thousand animals of both sexes and of every age have been found 
among the fin whale, the bottlenose whale, the pilot whale and many 
dolphins (e.g., the common dolphin and the bottlenose dolphin).'^ 

'̂  Ibid, 64. 

'̂  Ibid, 64. 

Ibid, 64. 



The killer whale, a member of the dolphin family, exhibits social groupings as well In 

the kiUer whale pod "the presence of leaders has never been observed ... Separate 

herds of males and females, akin to those found among wild sheep and many species of 

deer, are also found among some cetaceans: the white whale, the killer whale, and 

perhaps also the common porpoise."'^ 

The mating habits of the kiUer whale are a reflection of the animals social 

habits and lifestyle. "The killer whale is highly social, habitually traveling in packs of 

from two to forty individuals. Family "togetherness" is a way of life, although females 

and young may stay slightly apart from the bachelors and bulls. "̂ ^ Most killer whales 

give birth to a single calf per pregnancy and "the gestation period of the killer whale is 

from 11-12 months."^' "The kiUer whale calf is about eight feet long at birth and 

weighs an estimated four hundred pounds. "̂ ^ The young calf stays with its mother for 

the first part of its life and the mother orca may become violent in defense of the calf 

The calf "nurses from its mother's two mammary teats, which are hidden in slits far 

back of the navel on her streamlined body."^^ Although the killer whale is seen 

inhabiting a wide range of coastal waters. 

'̂  Ibid, 65. 

°̂ Delphine Haley, ed.. Marine Mammals of Eastern North Pacific and Arctic Waters 
(Washington: Pacific Search Press, 1978), 122. 

'̂ Herald T. Anderson, ed.. The Biology of Marine Mammals (New York and London: 
Academic Press, 1969), 393. 

'^Delphine Haley, ed.. Marine Mammals of Eastern North Pacific and Arctic Waters 
(Washington: Pacific Search Press, 1978), 122. 
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...[it] gives birth in the North Pacific throughout the spring and summer 
(V.B. Shceffer and Slipp, 1948). SUpjer (1962) gives the mating 
season as November to January in the North Atlantic and as May to 
July (probably all year) in the North Pacific.̂ "̂  

Although not currently listed on the endangered species Ust the killer whale is 

somewhat slow in its reproduction process and has proved to be rather difficult to 

breed in captivity, this fact brings attention to the need for protection of this ocean 

faring creature. 

Communication and Language 

That dolphins and other aquatic cetaceans communicate with each other is 

without a doubt a fact. The process of how this communication takes place is still 

being studied and is not completely understood at this time. However, there is 

evidence of this communication in the behavioral characteristics and physical make up 

of the oceanic creatures. For instance, "the familiar lobtaUing of porpoises and such 

larger cetaceans as Orcinus orca produce concussive sounds that seem clearly to be 

involved in signaling within a school or pod."^^ Communication amongst these animals 

goes much fiirther than mere signaling; researchers have found that most cetaceans use 

a series of caUs and songs that are evidence in communication. 

Using an underwater microphone (a hydrophone) in the open sea and in 
aquariums, people have picked up a whole series of calls from 

^^Ibid, 121. 

•̂̂  Herald T. Anderson, ed.. The Biology of Marine Mammals (New York and London: 
Academic Press, 1969), 393. 

'^ Ibid, 393. 

11 



bottlenose dolphins, common dolphins, pilot whales, and white whales, 
and they have managed to record them... Usually it is a whistling tone 
ranging between 7,000 and 15,000 cycles per second in the case of the 
bottlenose dolphin, and between 500 and 10,000 cycles per second in 
the case of the white whale.̂ ^ 

These calls and whistles have fiarther been analyzed and researchers have classified 

these sounds as odontocete sounds. 

Odontocete sounds include three major classes: clicked signals, burst 
pulse signals, and pure tone signals. Clicked signals are composed of 
discrete clicks of sound, usuaUy very broad-band in character, which 
may be heard as individual bursts of sound, or as trains of clicks, or 
when the repetition rate is very high, may be heard as a single signal 
whose frequency reflects this rate. Such high repetition rate sounds 
have been given a variety of names such as squawks, barks, chirps, etc. 
Many of these appear to be social signals even though their production 
often appears to be generically related to echolocation cUck 
production.^^ 

The signals of these animals have been recorded and the "...clicks are typically very 

brief, ranging in duration from a fraction of a millisecond to unique narrower band 

clicks of as much as 25 milliseconds in duration in the killer whale, Orcinus orca"^^ In 

different species of the dolphin family these clicks may serve a variety of purposes, in 

the case of the killer whale the clicks "...have been implicated in echolocation behavior 

through observation of their use during obstacle avoidance. "̂ ^ The animals ability to 

use these signaling clicks during obstacle avoidance has led researchers to question 

^̂  Everhard J. Slipjer, Whales and Dolphins (Ami Arbor: The University of Michigan Press, 
1976), 64. 

^̂  Ibid, 64. 

^̂  Ibid, 64. 

^̂  Ibid. 64. 
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how these animals orient themselves in space. Humans orient themselves in space 

through the use of directional hearing and visual acuity. In an underwater environment 

it is easy to see that signaling clicks create vibrations, much as sound does in the air. 

Like land mammals, dolphins exhibit the ability to distinguish sounds coming from 

different directions. Directional hearing is "...possible only when the left and right 

hearing organs are acoustically isolated: that is, when they are separated by a medium 

that propagates the vibrations only minimally if at all."^° Through a series of 

experiments researchers have discovered that dolphins have a highly adept ability to 

determine direction of calls underwater. 

Schevill and Lawrence have experimented on bottlenose dolphins and 
have shown that at a distance of 25 meters under water these dolphins 
are quite capable of ascertaining the direction of calls. The studies of 
Dudok van Heel on common porpoises have shown that the directional 
hearing of these animals under water is just as acute as man's 
directional hearing in the open air.̂ ' 

Directional hearing is only part of the process involved in the ability of these 

underwater creatures to orient themselves in space. Their range of hearing includes 

sounds that are outside the range of human perception. "All the tones which [humans] 

cannot hear are called 'supersonic' Thus a considerable portion of the tones 

perceptible to cetaceans Ue in the supersonic range. ii32 

The behavior of dolphins in captivity has made it possible to experiment 
with them and to determine such things as their range of hearing. 
Training experiments with bottlenose dolphins have shown that they 

°̂ Ibid, 64. 

'̂ Ibid, 64. 

Ibid, 64. 
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respond to tones between 150 and 153,000 cycles per second. But 
their reaction drops markedly in intensity above 120,000 cycles per 
second. Cycles per second (cps) is a measure of pitch and indicates the 
number of vibrations per second." 

The supersonic sounds produced by dolphins are very similar to the frequency pitches 

which could "...be something akin to a sonar device or a submarine-detection 

device."̂ "* The process used in submarine detection is called sonar and is a detection 

device that it well understood and therefore easy to study. "In fact, it has been 

established that the two principles embodied in submarine-detection devices (tone 

duration and frequency modulation) are present in the supersonic calls of dolphins. "̂ ^ 

Orientation in space is an important process which aids the animals in being able to 

avoid danger, detect prey, and locate other members of their pod. "So for the present 

we can rightly assume that whales [and dolphins] orient themselves in space through 

some sort of sonar, even though we would have to eliminate their hearing apparatus or 

their vocal apparatus to prove this conclusively.' 

Killer whales possess traits which set them apart from other dolphins. One 

such trait is the killer whale's unusual size which distinguishes it as the largest member 

of the dolphin family. Associated with its unique size is its ability to maintain high 

speeds while diving for extended periods of time. Like many other members of the 

i i36 

" Ibid. 64 

•̂̂  Ibid. 64. 

^' Ibid. 64. 

' Ibid. 64, 
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cetacean group, the killer whale easily forms attachments to humans. Although the 

orca incorporates humans into its pod easily, the ferocity with which the killer whale 

hunts, its unique ability to use its teeth for biting and tearing its prey, has created 

misunderstanding about its behavior patterns. The killer whale was seen as a menace 

to fishing and other human activities. This misconception about the orca resulted in its 

being named "killer whale." 
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CHAPTER III 

ARTIFICIAL ENVIRONMENTS 

Reverse Scenario Display Environments 

In the past aquariums were set up as museums for viewing marine life. An 

example of this type of aquarium can be seen in the old section of the Shedd Aquarium 

in Chicago. 

The old building is high ceilinged and spacious, with six display wings 
opening off a large central rotunda, somewhat reminiscent of the turn 
of the century railway palaces ... and the tanks do indeed have that 
"windows-on-a-railroad-car" uniformity. ̂ ^ 

Uniform placement of displays weakens the ability of the viewer to gain an 

understanding of the marine environment as it occurs in nature. The theory behind 

these types of displays is that of containing the animal in a display that can be viewed 

by an outside observer. In this environment the observer is deprived of being able to 

see the animal in its natural environment. Although great care is taken, in some of 

these tanks, to recreate an artificial environment that closely resembles nature what the 

viewer is being presented is not a true picture of reality. The animals in these 

environments do not behave in the manner they would in the wild. Many factors 

contribute to the unnatural behavior observed in artificial environments. In the case of 

the killer whale one such factor may be that of echolocation. ''Orcas rely largely on 

echolocation, and a whale in a tank is cut off from its typical acoustic environment."^^ 

"Douglas McComick, "The Age of Aquariums," Sea Frontiers 39 (March-April 1993): 27. 

^̂  Bruce Obee, "The Great Killer Whale Debate," Canadian Geographic 112 (Jan-Feb 199): 
25. 
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Another negative effect of artificial environments on kiUer whales are physiological. 

Flaccid fin syndrome, is a condition in which the fins of captive orcas will flop to one 

side instead of standing up straight as they do in the wild. It is thought that this 

condition is brought on by the constant circular swimming motion inherent in the 

animals behavior in a small artificial environment.̂ ^ Some behavior patterns, such as 

social groupings, cannot adequately be studied in an artificial environment. In 

standard sterile environments, researchers cannot be sure that the social grouping 

behaviors they are observing are normal to the mammal. In fact, even though orcas 

were being held in captivity, it was "not until the mid-1970s [that] scientists [learned] 

that 'schools' oi orcas are tight knit families, or pods, that stay together for 

generations—a social organization unique in the marine mammal world. ""̂  

In view of these behavioral and physiological anomalies observed in artificial 

environments it is clear that a new form of containment environment is necessary if 

education and research are to be fiirthered. Throughout history "[t]he importance of 

the aquarium [has been] to make people think about ecology, to make children think 

about what exists in nature.""" In an effort to support this role of the aquarium this 

project has chosen to use a design device caUed the reverse scenario display 

environment. In such an environment the animals, in this case killer whales, are kept in 

^̂  Ibid, 25. 

"̂  Ibid, 25. 

"" Ibid, 25. 
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their natural environment and the observers are introduced artificially. Although the 

killer whales are still contained in a limited environment, that environment is large 

enough to allow for more natural behavior patterns. The containment area is located 

in the waters that make up a portion of the killer whales natural environment. The 

containment method is a system of standard netting suspended from an artificial 

floating bay and anchored to the sea floor. In this new environment type the observers 

are introduced through the use of small submarine craft that allow for visual 

observation of the killer whales within the containment area. 

Observation Technologies 

The importance of observation research and education is one of protection of 

the environment. During the past 20 years, many advances in marine observation 

technology have been made. These advances were brought about because of the need 

for more accurate and reUable data collection. Some such advances in data collection 

include the introduction of remotely operated vehicles (R.O.V.s) and autonomous 

underwater vehicles (A.U. V.s). Through the introduction of these two types of 

vehicles researches are able to view, via remote cameras and sensors, the ocean floor 

and its inhabitants. These types of vehicles also allow for somewhat long term 

observation of particular areas of the oceanic environment and the recording of 

oceanic atmospheric conditions. Through the implementation of R.O.V.s and 

A.U. V.s, researchers are able to remain outside the environment being observed and 

18 



record the effects of weather patterns and other conditions within an area.^' While 

these new remote viewing technologies are important and would be implemented in 

the observation of the containment area, there is still a need for direct observation. 

Through direct observation researchers and visitors would be able to view subtle 

movements, social behaviors, and animal to environment interaction. Direct 

observation is obtained through the use of manned or crewed submersibles.̂ ^ These 

submersible units are similar to large scale submarines but are constructed on a much 

smaller scale and engineered to have a lower intrusion factor. In the containment area 

for this project the manned submersibles would follow a guide rail built into the 

artificial bay waU. The manned submersibles become the main component of the 

reverse scenario display theory. Direct observation, through the use of manned 

submersibles, allows the visitor to become more aware of the importance of these 

offshore marine sanctuaries. 

Importance of Education 

Education is the key to aiding people in gaining a better understanding of the 

implications of their actions. Many recent attempts have been made to help people 

comprehend the effects that humans are having on the natural environment, however. 

•̂ ^Bruce H.Robinson, "New Technologies for Sanctuary Research," Oceanus 36-3 (Fall 1993): 
75-77. 

^̂  Ibid, 75. 
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[m]ost coastal areas of the US~and the worid-face urgent, 
increasingly severe problems of rapidly growing human populations, 
deteriorating environmental quality, loss of critical habitats, diminishing 
levels offish and shellfish populations, reduced biodiversity, and 
increased risk from natural hazards.** 

In light of these global impUcations it is becoming increasingly apparent that more 

educational opportunities be afforded in order to make the changes necessary to 

alleviate some of these issues. In protecting coastal regions and aquatic habitats 

"[a]quariums serve three fimctions: Entertainment, education, and research...'"*^ the 

most significant of these being education. Education is an important activity in which 

an aquarium should participate. There are several ways that the educational role of the 

aquarium environment can be manifested: classroom lectures, interactive displays, and 

observation opportunities. "...[E]ducation reforms recommend that students be made 

aware of environmental and economic problems and their possible solutions, ""̂^ by 

educating both adults and children about the results of human interaction in marine 

ecosystems some of these reforms can be attained. 

In the case of the killer whale one of the major educational goals of the 

aquarium should be to alleviate some of the misconceptions that are associated with 

these animals. In order to show more cleariy the killer whale's place in the food chain 

and the importance of the killer whale in the marine ecosystem the aquarium should 

"" Charles N. Ehler and Daniel J. Basta, "Intergrated Management Of Coastal Areas And 
Marine Sanctuaries: A New Paradigm," Oceanus 36-3 (Fall 1993): 6. 

45 Douglas McComick, "The Age of Aquariums" Sea Frontiers 39 (March-April 1993): 24. 

''^Michael J. Brody and B. Patricia Patterson, "All about aquaculture: a system-atic approach," 
Thf> Science Teacher 59-2 (Feb 1992): 36. 
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.47 

provide classroom education along with observational opportunities through the use of 

displays and visual interaction with the animals themselves in a carefiilly controlled 

natural habitat. In order for education through observation to be meaningftil "the 

institution must present the animal in an appropriate interpretive frame. 

The attempt of this thesis is to show the characteristics of the killer whale and 

its natural habitat. By doing so the objective of the aquarium environment, to educate, 

can be obtained. The design portion of this thesis will take into account the necessit) 

to show the killer whale in its appropriate surroundings so that an understanding of the 

animal's effect on the marine ecosystem can be demonstrated. 

47 Douglas McComick, The Age of Agnarium.s " Sea Frontiers 39 (March-April 1993): 25. 

21 



CHAPTER IV 

CASE STUDIES 

Importance of the Case Study 

One of the most signifcant and logical ways to begin an understanding process 

of the aquarium environment is to observe facilities which are already in existence. 

From such observations, a designer seeks to understand the design goals that were set 

forth in the previous situations. Once those goals are better understood a 

determination of the successes and faUures within those projects can be ascertained. 

The successes and failures can then be studied to determine their appropriate 

application or deletion from the project being undertaken. 

For the purpose of this project, two aquariums were chosen for the study. The 

first aquarium chosen was the National Aquarium at Baltimore. One reason for this 

choice was because of the aquarium's failures in space planning. By understanding 

these failures, mainly the underestimation of visitors, a more appropriate solution can 

be obtained. 

The second aquarium chosen was the Vancouver National Aquarium. This 

aquarium was chosen because of the number of different types of filtration and 

decontamination systems which are integrated into to its design. By studying this 

aquarium, a basic understanding of the types and uses of major filtration systems 

available was afforded. 
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National Aquarium. Baltimore's Inner Harbor 

The National Aquarium at Baltimore was designed by Peter Chermayeff'of 

Cambridge Seven Architects. The aquarium, begun in 1979 and costing $21.3 million, 

was completed in 1981 and opened in August of that year. Several interesting things 

can be learned from a brief study of Baltimore's National Aquarium. The first has to 

do with the selection of the architect to design the project. The aquarium was first 

conceived by Baltimore's commissioner, Robert C. Embry, as part of a development 

park, Baltimore's Inner Harbor, located in a revitaUzation area along the existing 

harbor. According to Embry, Chermayeff was chosen "...because there was no other 

aquarium as good as his New England Aquarium. We appreciated that he is more than 

an architect - his interests encompass displays, graphics, conveying information with 

pizzazz. ""̂^ The interest in choosing an architect who is concerned with more than the 

complex logistics of combining the technologies required to put an aquarium together, 

but choosing an architect who is also interested in the overall scheme and purpose of 

the project gives substance to a thesis involving someone of a more diverse 

background. 

The second point of interest is the fact that the number of visitors that the 

aquarium attracts having greatly exceeded the estimates put forth by the architect and 

consultants and "...herein [lies] significant problems for its resident creatures (a 

dolphin died soon after the building opened), for its staff (they are greatly 

"̂^ Allen Freeman, "Evaluation: Too Popular a Place?" Architecture (June 1985): 60-68. 
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overcrowded), and for its visitors (they also are packed in tightly)."^^ The aquarium 

employs a staff of over 120 professionals, twice as many as originally projected, and 

hundreds of volunteers. There are many explanations as to the under estimation of 

space needed for this aquarium. First, being one of the first national aquariums built in 

the United States, the designers had little precedent with which to project the number 

of visitors. Second the National Aquarium at Baltimore is one of the main examples of 

the unprecedented success of modem aquariums. Because of the aquariums success in 

attracting vast numbers of visitors, which were not seen in other aquariums before it, 

better estimations have been made for fijture developments of this type. This 

observation of overcrowding leads to the implication that flexibility involving the 

utilization of spaces be incorporated into the overall planning. 

Vancouver National Aquarium. Vancouver B.C. 

A back area tour of the Vancouver National Aquarium provided many 

examples of how the workers use the areas of the aquarium not intended for public 

use. The back area was somewhat maze-like and difficult to comprehend on first visit. 

This quality can be attributed to the numerous renovations and additions that the 

aquarium has undergone in its life span of approximately 25 years. 

As each new addition and renovation was undertaken new technologies and 

systems were incorporated to accommodate the changes that were necessary to house 

^̂  Ibid. 60-68. 
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the aquariums growing collection and expanding facilities. The aquarium uses several 

different types of filters and decontamination techniques. The oldest systems in the 

aquarium are simple sand flow filters that are comparable to those found on most 

residential swimming pools. These types of filters are still utilized for the smaller 

exhibits and are sufficiently effective and cost sensitive to warrant their use over a long 

period of time. They are less maintenance intensive than some of the newer systems, 

but are not large enough to carry the load required by the more complex aquarium 

environments. 

Water in some of the larger exhibits are filtered through layered earth and sand 

filters. These filters are able to handle much larger load requirements than the sand 

filters and are much more effective in removing smaller solid particles from the water 

aUowing them to be used for more complex aquarium environments than the sand 

filters. These types of filters are highly maintenance intensive and are fairly cost 

effective. The draw back to these filtering systems is their large size; in order to handle 

the loads required of them they must be extremely large and take up valuable space 

that the workers could utilize for other important activities. The construction required 

for these type filters is also complex; these filters are constructed of concrete retaining 

walls and steel piping that allows the water to flow down through an array of materials 

that filter the water (Figure 1). 
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Figure 1: Layered Earth and Sand Filter. 

Most of the newer environments, as well as the more complex environments, 

use a dichotomous earth filtering system. These systems are capable of moving 

extremely large volumes of water and filtering it more completely than any of the other 

systems in the aquarium. The process involves a system of screens set in series that 

are suspended in a large tank of water. A powder-like earth filtering agent is then 

passed through the screens, the screens collect the earth and then the two part system 

is able to filter the water (Figure 2). These types of filtering systems are extremely 

effective in removing extremely small particles and have an extremely large filtering 

area. Dichotomous earth filtering systems take up much smaller spaces than the older 

systems and are constructed of more durable and less maintenance intensive materials, 

stainless steel and fiberglass (Figure 3). The draw back to these systems is the high 

cost involved in constructing and maintaining them; however, the workers here seem 
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to think that the benefits, in terms of space and effectiveness, far outweigh this 

drawback. 

Figure 2: Dichotomous Earth Filter, Filter Screens. 

ilN 

-j^Ht<fr 

Figures: Dichotomous Earth Filter, Fihers in Series. 

One other system that is utilized in all of the aquarium environments is 

ultraviolet decontamination (Figure 4). This system consists of a series of ultraviolet 

light tubes which the water is passed by in order to render inert any microscopic 

organisms that might have been missed by the mechanical filtering systems. This 

system in conjunction with the chemical intervention employed by the aquarium 

enables the workers to maintain very high water quality. 
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Figure 4: Ultraviolet Decontamination System. 

Other areas concerning the design of the aquarium involve the placement of 

central controls and easy access piping (Figures 5 and 6). By placing these 

components in centralized locations the workers are able to have easy and efficient 

access for emergency control of water, electrical, and mechanical filtering systems. 

The exposed placement of such mechanical systems as piping and wiring allow the 

workers to have easy access for maintenance, inspection, and replacement when 

necessary. 

Two more areas of interest were the food preparation area and the educational 

classroom. In the food preparation area the main emphasis was on the organization 

and sanitary preparation of the animals diets. Large charts that listed the animals 

names, diets, feeding times, and caretaker were utilized throughout the food 

preparation area to provide clear and visible access to the activities of the day (Figure 

7). In the education area the workers had set up extensive displays and educational 

materials to aid them in the instruction of visitors (Figure 8). The Vancouver National 
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Aquarium also sponsors over night stays for education of area school children and the 

public in general. 

Figure 5: Exposed Piping and Wiring. 

Figure 6: Centralized Control Panel. 

Figure 7: Diet Control Board. 
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Figure 8: Educational Classroom Displays. 

From these case studies several implications can be gleaned. First, the need for 

flexibilty within the design^pace planning. By allowing for greater flexibility the 

aquaniirris^managers are better able to adapt to the changing needs of the facility. 

Second, by having a greater understanding of the systems involved in a facility of this 

natu^e^a more integrated plan of the technologies involved can be implemented. Third, 

understanding of the need for greater comprehension of the designer towards the 

everyday workings of the aquarium and the behavioral characteristics of its inhabitants, 

workers, and guest is attained. 
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CHAPTER V 

PROPOSED FACILITY 

Site Analysis 

The proposed site for this project is on Mission Beach in Snohomish County, 

Washington State (Figure 15). The site is a peninsula land mass which forms the 

southern barrier of Tulalip Bay. The site was chosen for two reasons. The first being 

that the site is adjacent to Possession Sound, which is a single entry body of water off 

of Puget Sound. The Puget Sound Region, which encompasses the Tulalip Bay and 

Possession Sound is the natural homing ground of the killer whale, because of this the 

area made a good choice for the location of a kiUer whale habitat. Second the Tulalip 

Bay Planning Commission has designated this area as having potential for a 

recreational faciUty which might include a marine park. Major access to the region is 

along Interstate 5 and Highway 329. Direct access to the site proper is along Marine 

Drive and Mission Beach Road. 

Due to low water in Tulalip Bay itself the facility was sited to face the bay 

which allowed for orientation of the killer whale containment area into Possession 

Sound itself The containment area will encompass approximately eight million square 

feet of surface area which does not interfere with any charted shipping, 

telecommunications, electrical, or recreational routes. 

Regional weather patterns are mild to cool with average temperatures ranging 

from 68 degrees Fahrenheit in July to 38 degrees Fahrenheit in January. The summer 
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highs in July range up to 90 degrees Fahrenheit and the lows in January range down to 

0 degrees Fahrenheit, although a temperature of 0 degrees is only seen on occasion. 

Average rainfall in the area is 34.5 inches and the average snowfall is about 9 inches, 

with the greatest precipitation occurring during the winter months. Predominant 

winds in the area are southerly, with winter winds averaging 25 MPH. 

Soils at the site are predominately well drained glacial till consisting of clay to 

boulder size aggregate. The water table ranges from 4 to 12 inches below grade and 

bedrock on the site is found at a depth of 20 inches below the surface. The overall 

topography of the site is primarily flat with a grade ranging from 4 to 8%. Figures 

concerning the site were obtained from the TulaUp Planning Commission. 

The proposed design for this facility utilizes a reverse scenario display 

environment. In this type of display environment, the facility is divided into two major 

parts, the first part is a land based building which acts as a visitor center (Figure 9). 

The visitor center houses the administration facilities, the research facilities, and the 

guest facilities. A gift shop, food court, and library are located in the visitor center 

and are for the use of facility employees and guests (Figure 9). 

Visitors to the aquarium load onto an underwater tram system (Figures 15 and 

19), which is located in the visitor center (Figure 9), and proceed by way of tram to 

the second part of the facility which is located offshore (Figure 15). The killer whale 

environment is located in the offshore portion of the facility and consists of a 1 mile 

circular tram track (Figure 15). The tram is an independently fianctioning submarine 
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(Figure 18), and the tram path (Figures 19 and 20) is made-up of self-sustaining units 

which can be controlled independently from the control room (Figure 9). The tram 

was kept independent from the track in order to gain greater control over the safety of 

the passengers in case of an emergency. In order to maintain track to tram integrity, 

the path and the tram are able to ballast independently of one another. As the 

underwater tram travels along the track the visitors will view the killer whales and 

their habitat. 

Space Requirements 

Table 1: Space Requirements 

AREA NAME 

Chemical storage 

Classrooms 

Control room 

Copy - Storage 

Director of research 

Director's office 

Display area 

Docking area 

Dry food storage 

Employee parking 

Entrance 

Entry drive 

Experimental environmental 
research area 

Feeding laboratory 

Food court 

SPACE REQUIREMENT 

1000 sqft 

2000 sqft 

400 sqft 

100 sqft 

100 sqft 

100 sqft 

400 sqft 

1000 sqft 

1000 sqft 

50 cars: 17500 
Total: 19250 

sqft 5 handicapped; 1750 sqft 

1000 sqft 

As needed 

1000 sqft 

400 sqft 

1500 sqft 
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Table 1: Continued 

Gathering area 

General receiving 

General laboratory 

General storage 

Gift shop 

Library 

Loading platform 

AREA NAME 

Mechanical 

Education offices 

Quarantine holding area 

Reception 

Refiigerated food storage 

Researcher offices 

Research secretary 

Service parking 

Specimen receiving 

Ticket area 

Veterinary holding area 

Visitor parking 

Volunteer office 

Water treatment 

Wet laboratory 

Total 

1500 sqft 

1000 sqft 

500 sqft 

500 sqft 

1000 sqft 

2000 sqft 

1000 sqft 

SPACE REQUIREMENT 

1500 sqft 

750 sqft 

2500 sqft 

200 sqft 

1000 sqft 

1000 sqft 

100 sqft 

10 trucks: 3500 sqft 

750 sqft 

500 sqft 

1500 sqft 

400 cars: 140000 sqft 
25 busses: 8750 sqft | 
50 handicapped: 17500 sqft 
Total 166250 sqft 

1000 sqft 

1000 sqft 

600 sqft 

218000 sqft 
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Chemical storage 

The chemical storage area wUl provide storage space for chemicals used in 

maintaining the environments in the facility. The chemical storage area should be 

lockable and should provide adequate climate control. Areas accessible to chemical 

storage include the holding tanks, general receiving area, and display areas. 

Classrooms 

The classroom area will provide general education settings for conducting 

classes in marine sciences. Several types of classroom settings should be utilized along 

with a general lecture hall. Areas accessible to the classrooms include the library, the 

education offices, and display areas. 

Control room 

The control room will serve as the control center for the overseeing of the tram 

path, tram, and offshore containment area. The control room should provide technical 

equipment for the monitoring and control of the containment area, the docking area, 

and the loading platform. It should provide clear views of docking area and loading 

platform. Areas accessible to the control room include the loading platform and the 

docking area. 
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Copy-Storage 

The copy-storage area will provide reproduction facilities and file storage. The 

copy-storage area should remain as flexible as possible. Areas accessible to the 

copy-storage area include the reception area and the volunteer offices. 

Director of research 

The director's office wiH be the head office for the direction of research within 

the facility. The director's office should provide the director of research with privacy. 

Areas accessible to the director of research's oflfice include the researcher offices and 

the secretary's office. 

Director's office 

The director's office will be the head office for the operation of the facility. 

The director's office should provide the director of the facility with privacy and should 

continue the feel of the reception area. Areas accessible to the director's office are the 

reception area and the volunteer offices. 

Display area 

The display area will include flexible display Ughting as required. The display 

area will incorporate small scale displays that may be used as a preliminary 

introduction to the types of environments which wiU be seen in the main display area 
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offshore. The display area should be so detailed as to provide a since of the oceanic 

environment. Areas accessible to the display area include the library, the food court, 

the education area, and the gathering area. 

Docking area 

The docking area will provide water path and tram docking. The docking area 

should provide access for visitors to the loading platform. The docking area should 

also provide separate entrances for employee access to the control room. Areas 

accessible to the docking area include the control room and the loading platform. 

Dry food storage 

The dry food storage area will provide storage of dry food stuffs utilized in the 

care of specimens in the facility. The dry food storage area should be lockable and 

have adequate climate control. Areas accessible to dry food storage include the 

display areas, the holding tanks, the researcher laboratories, and the general receiving 

area. 

Employee Parking 

The employee parking area will provide Ughting, signage, and traffic control 

signals as needed. The employee parking area should aUow easy access to the facility 

through the main entrance. The employee parking area should be isolated from the 
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main visitor parking area in order to maintain safety and protection of employees and 

their property. Areas accessible to the employee parking area include the facility 

entrance, the entry drive, and the service parking area. 

Entrance 

The entrance should include lighting and signage as required. The general 

entrance area of the faciUty should be clearly indicated and should allow easy access to 

the ticket area, the administrative offices, the food court, and the gift shop. The 

entrance should provide the visitor with a visual axis to aid in orientation. The 

entrance should be so detailed as to incorporate a clear understanding of the 

circulation pathways. Areas accessible to the entrance include the visitor parking area, 

the ticket area, the gift shop, and the administration area. 

Entry drive 

The entry drive will contain Ughting, signage, and traffic control signals as 

needed. The entry drive should allow clear access to all vehicular areas of the facility. 

The entry drive should allow a clear and unobstructed view of the entrance to the 

facility and should be landscaped in accord with the general site area. Areas accessible 

to the entry drive include the visitor parking area, the employee parking area, the 

general receiving area, the specimen receiving area, and the service parking area. 
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Experimental environment research area 

The purpose of the experimental environment research area will be to provide 

researchers with research space to conduct experiments in habitation. This area should 

be flexible and easily sanitized. There should be adequate space for equipment utilized 

in the creation of artificial environments. The storage area is accessible from the 

experimental research area. 

Feeding laboratory 

The feeding laboratory will provide researchers with an area to do nutrition 

research. The feeding laboratory should be easily sanitized, isolated, and have 

adequate climate control. The storage area is accessible from the feeding laboratory. 

Food court 

The food court will include seating and tables as required. The food court will 

provide food and eating areas for the visitors and employees of the facility. The food 

court should provide adequate food preparation, storage, and sales areas. The food 

court may be incorporated into the gathering and display areas of the facility. Areas 

accessible to the food court include the gathering area and the general receiving area. 
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Gathering area 

The gathering area will include lighting and seating as required. The gathering 

area should incorporate a clear focus point and serve as a meeting area for visitors and 

tour groups. The gathering area should be so detailed as to provide a sense of 

orientation. The gathering area should be located within the faciUty proper at some 

point past the ticket area. Restrooms should be provided in this area. Areas accessible 

to the gathering area include the ticket area, the display area, the food court, the gift 

shop, the administration area, the library, and the education area. 

General receiving 

The general receiving area will provide receiving areas for non-specimen 

materials needed in the facility. The general receiving area should be easily accessible 

from all behind the scenes areas of the facility. Areas accessible to the general 

receiving area include the gift shop, the food court, all storage areas, and the service 

parking area. 

General laboratory 

The purpose of the general laboratory will be to provide visiting researchers 

with adequate laboratory space. The general laboratory should be flexible and easily 

sanitized. The storage area should be accessible to the general laboratory. 
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General storage 

The general storage area will provide storage space for researchers to store 

equipment used in maintaining the environments in the facility. The general storage 

area should be lockable. Areas accessible to the general storage include the display 

area and the holding tanks. 

Gift shop 

The gift shop will include flexible display and work lighting as required. The 

gift shop will provide general sales of books, clothes, and souvenirs. The gift shop 

should provide flexible display areas. A storage area should be provided for the gift 

shop personnel. Areas accessible to the gift shop include the ticket area, the gathering 

area, the general receiving area, and the entrance. 

Library 

The library will serve as a research support facility for the researchers, 

education facility, and visitors. The library should be lockable and the librarian should 

have easy control of the area. A small office may be provided for the library staff. 

Areas accessible to the library include the gathering area, the researcher offices, and 

the education area. 
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Loading platform 

The loading platform will serve as a transition zone to water transportation. 

The loading platform should provide adequate area for que lines as needed and should 

provide easy loading and unloading of the tram car. The docking area should be 

accessible to the loading platform. 

Mechanical 

The mechanical areas will provide general utility service to all areas of the 

facility. The mechanical areas will be dispersed in the facility as needed. The 

mechanical areas should be so detailed as to provide easy access for maintenance. All 

areas of the facility include accessible from the mechanical area. 

Quarantine holding area 

The purpose of the quarantine holding area will be to hold and isolate new 

specimens before introduction into the main environment. The large holding tank 

should provide aquatic bypass to the containment area. Areas accessible to the 

quarantine holding area include the docking area and the specimen receiving area. 
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Reception 

The reception area will serve as a greeting area for special visitors and 

researchers. The reception area should provide an area for the orientation and 

greeting of visitors. The receptionist should be so situated as to have easy control of 

the area. Areas accessible to the reception area include the gathering area, the 

director's office, and the entrance. 

Refiigerated food storage 

The refiigerated food storage area will provide storage of refiigerated food 

items utilized in the care of specimens in the facUity. The refiigerated food storage 

area should be lockable and have adequate climate control. Areas accessible to the 

refrigerated food storage include the display areas, the holding tanks, the laboratories, 

and the general receiving area. 

Researchers offices 

The researcher offices will provide work space for researchers in the facility. 

The researcher offices should provide oflfice space for a number of researchers in the 

facility. Areas accessible to the researcher offices include the offices of the secretary 

and director of research. 
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Secretary 

The secretary area will serve as an office for the research secretary. The 

secretary area should provide a general office atmosphere. Areas accessible to the 

secretary include the offices the researchers and the director of research. 

Service parking 

The service parking area should include lighting, signage, and traffic control 

signals as needed. The service parking area should provide access to both receiving 

areas of the facility. The service parking area should be isolated from the main 

entrance to the facility and should provide adequate security for deliveries of general 

supplies, food items, and aquatic life. Areas accessible to the service parking area 

include the general receiving area, the specimen receiving area, the entry drive, the 

service parking area, and the employee parking area. 

Specimen receiving 

The specimen receiving area will provide receiving areas for new specimens to 

the facility. The specimen receiving area should be easily cleaned. Areas accessible to 

the specimen receiving include the service parking area and the quarantine holding 

area. 
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Ticket area 

The ticket area will include lighting, control gates, and signage as required. 

The ticket area should provide easy access to the facility proper. The ticket area 

should provide ticketing booths for sales of entrance permits. The area should also 

provide a group ticketing area that is separated and adequate in size as to not inhibit 

the flow of traffic in other ticket areas. Areas accessible to the ticket area include the 

entrance, the administration area, the gift shop, and the gathering area. 

Veterinary holding area 

The purpose of the veterinary holding area will be to determine the health of 

existing specimens being held in the main environment. The holding tank should 

provide aquatic bypass to the containment area. The docking area should be 

accessible to the veterinary holding area. 

Visitor Parking 

The visitor parking area will provide lighting, signage, and traffic control 

signals as needed. The visitor parking area should provide parking for all visitors and 

tour groups and should aUow easy access to the entrance of the facility. The visitor 

parking area should be clearly marked, and should be landscaped in accordance with 

the general site area. Areas accessible to the visitor parking area include the faciUty 

entrance and the entry drive. 
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Volunteer office 

The volunteer office will provide work space for volunteers at the facility. The 

volunteer office should provide work space for a number of volunteers. Areas 

accessible to the volunteer offices include the reception area and the copy - storage 

area. 

Water treatment 

The water treatment area will provide water treatment for all specimen 

environments within the facility. The water treatment area should be centrally located 

as much as possible and should be isolated from the public areas of the facility. The 

water treatment area should be accessible to the holding tanks. 

Wet laboratory 

The wet laboratory will provide researchers with an area to do small scale 

aquatic research. The wet laboratory should be easily sanitized, isolated, and have 

adequate climate control. The storage area should be accessible to the wet laboratory. 
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Figure 12. Elevation 
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Figure 13. Longitudinal Section 
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Figure 14. Section 
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Figure 15. SitePlan 
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Figure 18 Tram Plan 
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Figure 19. Tram Section 
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Figure 20. Tram Elevation 
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Figure 21. Joint Detail 
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Figure 22. Structure Diagram 
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Figure 23. SheU Detail 
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Figure 24. Bridge Detail 
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Figure 25. Glazing Detail 
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