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Sno-engineering, Inc. o f  Bellevue, Washington and TDA, Inc. o f  Seattle, 
Washington have been retained by the National Park Service - Denver Service 
Center (NPS) to study a1 ternat i v e  transportat ion systems for imp1 ementat ion  at 
Crater Lake Nat ional Park. The desire to remove vehicular traffic from the 
Rim Village, in conjunction with a new Activity CenterlHotel and other planned 
improvements, is t h e  major catalyst for this study. Through the removal of 
automobiles w i t h  their attendant traffic, noise, and pol 1 ut ion,  t h e  Vil 1 age 
R i m  area will be restored to a mare natural, leisurely, pedestrian 
environment . 
Crater Lake National Park has witnessed diminished visitation over t h e  last 
decade. According to NPS visitor data (1976-19881, Crater Lake experienced 
peak use during 1977 when 617,000 people visited the park, Since reaching 
this crest, use has gradually tapered off. While the National Park system has 
seen an average annual growth rate o f  3.8 percent from 1980 to 1987, Crater 
Lake has received a nominal increase o f  0.025 percent per annum during this 
period. When comparing historical visitation at Crater Lake with all parks in 
t h e  Pacific Northwest Region, it i s  evident t h a t  the average annual growth 
rates between 1981 and 1987 were - 1.4 percent and 1.5 percent respectively, 
The recent cl osvre of the Crater Lake Lodge, due to structural problems, will 
undoubtably also have ramifications on visitor use. It is anticipated that 
t h e  development o f  year-round overnight 1 odg ing accommodations, enhanced 
visitor facilities, and restoration o f  t h e  Rim Village will sponsor renewed 
interest i n  visiting the park, thereby reversing the past decl ines in 
visitat ion, Accordingl~y, a transportation system must be capable of 
accommodating existing visitation levels and future growth. 

Crater Lake National Park current1 y receives apprax imatel  y 5,000 v i s i tors per 
day dur ing  peak summer periods and about 600 visitors per day at peak 
occasions i n  the winter. This and other information, such as traffic counts, 
user surveys, and general observations, have been provided by t h e  NPS. 
However, no data has been provided on actual parking accumulation counts 
during peak summer and winter periods. Accordingly, parking estimates have 
been derived from park management observations as we1 1 as analysis o f  traffic 
count d a t a .  

In March of 1989, Sno-engineering, Inc. and TDA, Inc. submitted a Technical 
Memorandum representing the f i f t y  percent completion stage of the Crater Lake 
Transportat ion Study (Contract No. CX-2000-4-0025, Work Directive 12, 
Modification No. 10). Eight alternative transportation systems were studied 
in the first phase, including shuttle bus, covered walkway, covered moving 
s idewal k ,  covered walkway to tunnel with moving s idewal k and el evator, 
funicular rail way (elevated or i n  tunnel ) , aerial gondola, people 
mover/monora i 1 (el evated or in tunnel ) , and aerial tramway (Appendix A). 
Based upon the recommendations contained i n  t h e  fifty percent report, the 



National Park Service formulated six alternatives for consideration in this 
hundred percent phase report. These a1 ternat ives incl uded the  aer i a1 gondel a, 
elevated funicular railway, and three shuttle bus options, in addition to an 
option whereby all parking would be provided at the Crater Rim through the 
construct ion o f  a parking structure, and no add it ienal transportat ion system 
would be required. 

This i s  a draft 100 percent report. It has the same 7 imitations o f  parking 
and visitation data  that ex is ted  in t h e  50 percent technical memorandum. 
Upcoming field counts (planned for August 1989) will provide new information 
on peak parking requirements and vehicle mix. 

11. GOALS AND OBJECTIVES 

The goal o f  providing a transportation system 1 ink ing  a remote parking area 
and the Rim Village i s  to reduce the amount of vehicular traffic near the 
Crater R i m  and to provide a more natural, leisurely, pedestrian environment 
for site visitors. A number of surveys have Sdentif ied visitor priorities at 
Crater Lake National Park. Visitors have ranked two NPS development goals 
consistently higher than others. The most frequently identified objective is 
t h a t  o f  minimizing environmental impacts to the Crater Lake ecosystem, followed 
by efforts to reduce v isua l  intrusions and congestion i n  the vicinity of the 
Rim Village. These visitor choices generally support NPS plans to return the 
Rim Vi l l  age area to a more natural, 1 ess cluttered state. The select ion and 
design o f  a transportation system between the proposed 1 ower parking 1 o t  and 
the new A c t i v i t y  Center/#otel must take these pub1 ic concerns into account, 
along w i t h  other environmental and operational issues identified by the  NPS. 

I 1 I. PLANNING CONSIDERATIONS AND DESIGN GUIDELINES 

In recognitian o f  t h e  aforementioned goals and objectives, t h e  following 
planning considerations have been identified. In addition, these 
considerations Rave 1 ed to the devel opment o f  recommended des ign gu idel ines 
for the proposed transportation system, 

A. Site  Characteristics 

The slope which separates the remote parking lot from t h e  new Activity 
Center/Hotel (Scheme C)  covers a vertical rise of 75 feet over a distance o f  
750 lineal feet, as shown i n  Figure 1. Slope gradients range from almost f l a t  
to between 35 and 40 percent, with an average overall gradient  o f  ten percent. 
Below t h e  7,050 f o o t  elevation t h e  slope i s  nearly flat. Above this 
e levat ion ,  average slopes increase to approximately eighteen percent. 



Figure 1. Location o f  alternative transportation systems l i n k i n g  the  lower 
parking 1 o t  and Act iv i ty  Center/Hotel . 
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the hill is prSmarily covered with stands of coniferous trees, consisting 
mainly o f  Mountain Hemlock. Several natural openings also occur in this area, 
which are largely devoid o f  vegetation. Severe climatic condit ions coupled 
with volcanic soil types result in a short growing season. For this reason, 
disturbed areas are slow to regenerate, and care should be taken to preserve 
existing site vegetation. Maximum snow depths of up to fifteen f e e t  have been 
recorded in t h i s  area, with severe drifting on the lee side of tree clusters 
and ex i sting structures. 

A small drainage with i t s  source at the 7,080 foot elevation supports 
intermittent flows. This drainage runs i n  a southwester1 y di rec t  ion,  crossing 
the existing road at the 7,050 f o o t  el evat ion. A minor ridgel i ne, 1 ocated 
southeast of the small drainage, causes an undulation i n  the terrain between 
t h e  lower parking area and the Activity CenterJHotel site. This topographic 
feature i s  illustrated in Figure 2, a slope profile o f  the a1 ignment between 
t h e  1 ower parking area and the Act iv i ty  CenterJHotel . This prof i l  e i s  a 
useful tool in determining impacts associated with different transportation 
systems. The south facing slope i s  fully exposed to the prevailing winter 
winds. 

Lower 
Parking L o t  

Activity 
Center/Hotel 

Figure 2. Representative slope pro f  il e between 1 ower parking area and 
Activity CenterJHotel . 

B. Sense o f  Arrival and Park Service Presence 

The siting and relationships o f  the parking, t r a n s p o r t a t i o n  system, and 
Activity Center/Hotel should combine to create a clear entry sequence and 
sense of arrival. This  consideration will be important i n  the  design o f  both 
t h e  upper and lower terminals o f  t h e  transportation system and/or the 
placement o f  parking areas. If alternative transportation routes are 
available (i-e., walking and riding), t h e  choice between the two routes should 
be clear both i n  the lower parking area and at t h e  R i m  V i l l a g e ,  w i t h  both 
transportation choices designed to provide a sense o f  arrival, In addit ion,  
t h e  transportation system should not conflict with park operations or visitor 
activities on a year-round basis. 



C. Cohesive Architectural Character 

The arch i tectural sty1 e chosen for t h e  new Activity Center/Hotel is described 
as Mountain Cascade. The design and sirjng of terminal buildings and 
selection o f  materials for use in t h e  transportation system must be compatible 
with this architectural theme. 

D, Views 

Views both to and from the transportation system must be considered. The 
system should not contribute to a sense o f  visual "clutter" from the access 
road, parking area, Activity CenterJHotel, or Rim Vi l l age  open spaces. As an 
example, the lower parking lot was relocated in order to prevent negative 
v i sua l  impacts from Garfield Peak. Conversely, opportunities to view the Lake 
and surrounding environment while moving between t h e  parking and R i m  Village 
should be considered in the siting and selection of a transportation system. 

E m  User Appeal 

In order to function successful ly, the parking and transportat ion system must 
be appealing to visitors. The relative attractiveness o f  the  system is a 
function o f  1 ocat ion, novel ty , convenience, speed (trip 1 ength and frequency) , 
comfort, station design, and cost to the user. Unpleasant odors, loud noises,  
and other system characteristics may have a strong negative influence on 
Y i s i tor perceptions o f  any a1 ternat ive transportat ion made. 

F. Ease o f  Access 

The s i t i n g  and design of the transportat ion system must provide for 
handicapped access. This cons ideration will influence t h e  location of 
dedicated parking spaces both in t h e  lower parking area and at t h e  Activity 
CenterJHotel , depending on seasonal operating charatteri st ics o f  the 
transportation system. Additionally, the system should be designed for easy 
access for all users, both to facilitate rapid loading during the high-volume 
summer season, and so that visitors can save their energy for enjoyment o f  the  
Rim V i l l a g e .  Surveys have shown t h a t  the average age of visitors is 45 years, 
with roughly a third o f  all v i s i t o r s  being between the ages o f  26 and 40. 
While this is a typically mobile population, three quarters of all visitors 
arrive i n  family groups which may include young children or alder adults. 
Children under ten and adults over the age o f  65 each represent approximately 
thirteen percent of a1 1 visitors to Crater Lake, and may have spec i a1 needs. 
In addit ion,  almost half o f  a1 1 visitors a r r i v e  in groups of two, with over a 
t h i r d  travel1 ing in groups o f  three or four. The ease w i t h  which a system can 
accommodate groups o f  this size  should al so be a cons ideration. 



6. System Capacity and Operational Considerations 

The transportation system, including wai t ing  areas, terminals, and 
conveyances, must be a b l e  to hand1 e high volumes and high turnover rates 
during the busy summer months. In addit ion,  consideration should be given t o  
operation o f  the system during the winter season when lower visitation i s  
experienced at Crater Cake. Coord i n a t  ion between t h e  provision o f  covered 
parking a t  the Act iv i ty  Center/Hotel and winter operation o f  the 
transportation system w i l l  be necessary. In addition, t h e  system should be 
des igned to accommodate future capacity upgrades if visitation increases, 
Re1 iabil i t y  o f  t h e  system, ease o f  maintenance, energy consumption, impact on 
air quality, and s t a f f i n g  requirements are all long-term operational 
considerations in the s e l e c t i o n  and design o f  t h e  transportation system. 
Relative operational and maintenance life-cycle costs are also important 
elements in the s e l e c t i o n  process. 

H. Implementation Considerations 

Capital costs  f o r  imp1 ementation sheul d be taken i n t o  account, including any 
special considerations which may lead to increased difficulty in construction 
or initial operation o f  the system. 



IV. VISITATION ANALYSIS 

Recently authorized add i t i ona l  work wi l l  provide current summer counts o f  
parking accumulations and vehicle m i x  (cars, trucks, R V t  s ,  trailers) . These 
counts will be done i n  August o f  1989. The results may modify the visitation 
estimates provided in t h i s  sect ion.  For t h i s  draft report, t h i s  section 
contains t h e  same information as that in t h e  50 percent technical memorandum. 

A. Existing Conditions 

Visitation patterns described below are based upon total v i s i t s  to Crater 
Lake, including both recreational and non-recreational visitors. 

I .  Seasonal Patterns 

As would be expected, t h e  visitation patterns for Crater Lake National Park 
are highly seasonal. Nearly h a l f  o f  the year's visitation occurs i n  the peak 
months o f  July and August, as illustrated in Figure 3 below. 

JAN FEE M M  APR M Y  JUH JULY N O  SEP OCT H W  DEE 

MOllTH 

Figure 3. 1988 visitation figures f o r  Crater Lake Nat ional  Park by month. 
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2. Dail v Patterns 

Figure 4, jllustrates visitation patterns for  a typical week i n  August. 
During t h i s  peak month, visitation i s  high every day of t h e  week, wi th  
s l i g h t l y  higher peaks on weekends. As shown i n  Figure 5 (a  t yp i ca l  week i n  
February), weekend peaks are more pronounced during the winter  than dur jng t h e  
summer peak period. 

SUM TUE WEO THU FRI wr 
M Y  OF THE WEEK 

Figure 4 .  Typical  summer season d a i l y  v i s i t a t i o n  p a t t e r n s  a t  Crater Lake. 

Figure 5 .  Typical winter  season d a i l y  v i s i t a t i o n  pat terns  a t  Crater Lake. 
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3 .  Hourl Y Pat te rns  

F igure  6 illustrates the hourly p a t t e r n s  o f  v i s i t a t i o n  for a weekend day in 
August. About two- th i rds  o f  s i t e  vis i tors  a r r i v e  w i t h i n  t h e  f i v e  hour period 
between 10 a.m. and 3 p.m. Figure 7 illustrates hourly patterns for a weekend 
day i n  February. As i n  t h e  summer season, most winter v i s i t o r s  arrive during 
a f i v e  hour peak period. 

P O  00 05:UO 04:OO 06 10 OB.00  10:OO 12:OD l COO l b  DO F B  OD 20,OO 2 2 0 0  

FOR THE WUR S ~ A R ~ N B  AT THE n w  SHM~II 

figure 6. Typical summer season hourly v i s i t a t i o n  pat te rns  a t  Crater Lake. 

00:OO 02:OO Q k O O  0 6 0 0  0E:OU 1D:OO 12:OO 14:OO 16:OO I 8 : O P  ZO:Oo 22:ou 00:oO 

FOR filE M W R  SrARTIHQ AT ,TI! M E  SHOIM 

Figure 7 .  Typical winter  season hour1 y visitation pat  terns a t  Crater Lake. 



&. Historical Trends i n  Visitation Levels 

Annual visitation to Crater Lake National Park has been dropping. Since 1976, 
i t  has decl ined at an average annual r a t e  o f  a1 most two percent per year. 
This  trend i s  contrary to other N a t i o n a l  Park visitation patterns, as shown in 
Figure 8. For example, overall visitation to the National Park system has 
been up nearly f o u r  percent per year in t h e  1980-1987 period. In t h e  Pac i f i c  
Northwest region, visitation has increased by 1.5 percent per year during t h e  
same period. 

F i g u r e  8. Comparison of visitation at Crater Lake National Park and all 
National Parks between 1978 and 1987. 

C. Projected visitation Conditions 

For purposes of this analysis, it i s  assumed t h a t  t h e  improvements to t h e  
facil i t i e s  at Crater Lake National  Park will a1 1 ow t h e  park to regain the 
visitation it has lost over the last decade and to experience a net increase 
due t o  construction o f  the Activity Center/Hotel . Specifically, i t  i s  assumed 
t h a t  visitation from 1988 levels will increase at almost two percent per year 
through 1999. The result o f  these  assumptions is that peak day visitation in 
summer will increase by 24 percent between now and 1999 and winter visitation 
will increase by 42 percent, due to the greater increase in winter services 
associated with the new Activity Center/Wotel . 



V . OPERATIONAL REQUIREMENTS 

T h i s  sect ion provides in format ion on the perf orrnance requirements for the 
proposed t ranspor ta t  ion systems. 

A. Frequency o f  Service 

The required hours o f  operat ion for the transportation system will depend upon 
the amount o f  parking provided at the Crater Rim on a seasonal bas is .  In 
general , regul ar schedul ed service should provide for about 95 percent o f  
Y i sitars. T h i s  will require a ten to twelve hour service day. Some on-demand 
service may be needed outside these hours, to meet the needs of hotel and 
lodge guests under alternatives which provide no Rim parking. Sect jon VI will 
describe specific hours of operation f o r  each of the f i v e  alternatives. 

During peak use periods, the frequency o f  scheduled service will be determined 
by t h e  capacity requirements. During the remaining hours of the year, "on- 
demand" service will be s u f f i c i e n t  to meet visitors needs. Less frequent 
scheduled service would be perceived as unacceptable to v i s i t o r s  f o r  t h i s  
short  distance. 

B. System Capacity 

Tab1 e 1 shows t h e  total parking and transportat ion system requirements, based 
upon 1988 conditions. This informat ion was derived from the avail able hourly 
traffic counts which indicated t ime  patterns o f  arrivals and departures, and 
from an estimated total parking capacity i n  t h e  sumner o f  450 pub1 i c  spaces in 
add it ion to 54 employee spaces. Th i s  informat ion will  be updated as a result 
o f  August 1989 field counts. The winter figures were derived from known 
wjnter park attendance, and daily and hour1 y patterns from the a v a i l a b l e  
traffic counts. 

For 1988, a capacity o f  about 900 persons per  hour in each direct ion would be 
required during the summer months. In the winter, the requirement f o r  system 
capacity drops to about 150 passengers per hour, one direction on a peak day. 

Table 2 provides a summary o f  travel and parking demand information projected 
to the year 1999. Under these conditions, the capacity of t h e  transportation 
system would increase to about 1,100 passengers per hour one-way jn t he  
summer, and 200 passengers one-way in the winter. These projected demands 
were forced to meet a 1 imit o f  about 500 parked cars and 30 recreational 
v e h i c l e s .  



TABLE 1 .  SUMMARY OF E X I S T I N G  RIM VILLAGE TRAVEL AND PARKING DEMANDS 

I SUMMER WINTER 1 

i I I 

DRILY VISITATIONl PEAK 
Pereons 

1 
4850 1 

I 
I 500 1 

Mean Duration, hra. I 2.25 1 2 .0  I 

ARRIVALS, PEAa HOUR 
I I I 

Persons 
I I: 

757 1 
I 

Vehicles 
1 

242 1 
94 I 

I 
3.1 1 

30 1 
Avg. Yeh. Occup. 1 3.1 1 

DEPARTURES, PEAK HOUR 
I I I 

Persone 
I 1 

686 1 
I 

I 120 1 
Vahielea I 219 1 39 1 
Avg, Veh. Dccup. I 3.1 1 3.1 1 

PARKED VEHIl MAX. ACCUM. 
t I I 

Visitor Automobilee 
E I 

382 1 
I 

I 46 1 
Viaitor Large Vehicle8 I 6& I 
Employee Vehicles 

a I  

Total 
I 5 0  1 

500 1 
8 1  

I 62 1 
3 

TRANSP. SYSTEM DEMAND, PERSONS/= I 
I I 

% of Arriv. 
I 

80% 1 
I 

1 80% 1 
Arrivals I 606 1 75  1 

I 3 I 
I 1 t 
I I I 

% .of Depart. 
I I 

70% 1 
I 

I 80% 1 
Departures I 480 1 96 I 

I I I 
I I I 
I I 
1 

I 
T W S P .  SYSTEM CAPACITY, PERSONS/NRI 

1 I 

Percent of demand 
3 

150% 8 
G 

I 150% 1 
Capacity I 90B 1 144 1 

I I I .............................................................. 
Source: TDA Inc. 

Note: Employee traffic volumes are small and are not  included i n  these 
calculations. 



TABLE 2. SUMMARY OF PROJECTED 1999 R I M  VILLAGE TRAVEL AND PARKING DEMANDS 

SUMMARY OF PROJECTED TRAVEL and PAIUtING BEWINDS -- 1999 (rev) 
(FORCED TO A M. PARKING OF 500 AUTOS, 30 RV'e) 

1 S U W B R  ............................. ,,-,,-,,,,,,,,,,-,,,-,----------===-=~============ 

DAILY VISITATIONl PEAK 
Persons 

I 
I 5400 

Mean Duration, hre,  I 2.25 
I 

ARRIVAILS, PEAK HOUR 
Peraona 

1 
1 843 

Vehicles I 269 
Avg. Veh ,  Occup. I 3.1 

DEPARTURES, PEAK HOUR 
Persons 
V e h i c l e s  
Avg. Yeh. Qccup. 

PARKED VEH.# WhX. ACCUM. 
Visitor AutomobiLes 

I I 
425 1 

I 
E 66 1 

Vieitor Large Vehiclee I 30 1 
-layes Vehicles 

s I  
I 74 1 

T o t a l  I 529 1 112 1 
4 1  1 

I 
TRANSP. SYS!!XM DEWAND, PERsONS/WR I 

I 1 
% of Pcrrivale 

I 
80% 1 

I 
I 100% 1 

Arrivale I 674 I 132 1 

% of Departurea 
I I 

70% 1 
I 

I 100% 1 
Departures I 535 1 171 1 

E 
TRANSP. SYSTEM CAPACITY, PERSONS/HRI 

I 1 

Percent of demand 
I 

150% 1 
I 

I 150% 1 
Capae i t y  I 1012 I 257 1 .............................................................. 

Note: Employee traffic volumes are small and are not included i n  these 
calculations. 



V1.  TRANSPORTATION AND PARKING ALTERNATIVES 

A. Description of  Alternatives 

Six alternatives have been selected for final consideration. The following 
matrix out1 ines the bas ic  components o f  each transportation and parking 
a1 ternat ive. 

TABLE 3.  OUTLINE OF PARKING AND TRANSPORTATION ALTERNATIVES 

Lower Parking Area A c t i v ~ t y  Center/tloteT Crater Lake Lodge Transportation 
b l t .  - ,Structurq Surface Structure Surface Surface a&!! 

year-round 
shuttle bus 

100 elevated 
fun icu lar  railway 

Zb. 120 280 0 0 100 aerial gondola 

100 svmnerJshou1 der 
s h u t t l e  bus 

100 sumrlshoul der 
s h u t t l e  bus 

100 none 

A11 a1 ternatives will a1 so include a pedestrian pathway from t h e  lower parking 
l o t  to the Act iv i ty  Center/Hotel . It i s  expected tha t  during t h e  summer 
months, many vis i tors  will use t h i s  as a preferred means o f  accessing t h e  
Crater Rim, as on1 y a short  wal k i s  required. 

The f i r s t  a l te rna t ive  prohibits all parking on the Crater Rim. No parking 
would be provided at either Crater Lake Lodge or the new Act iv i ty  
Center/Hotel . A11 parking would be located in the lower lot, with  year-round 
shuttle bus access t o  both the Act iv i ty  Center/Hotel and t h e  Lodge. Regularly 
scheduled service would be provided to t h e  Act iv i ty  Center/Hotel, w i t h  a 
separate on-cal 1 van serving Lodge guests.  Surface parking for 380 cars would 
be provided, a1 ong with a 120 space parking s t ructure  f o r  use during the 
winter  months. In addition, t h i r t y  recreational vehicle spaces will be 
provided in the lower parking lot. 



Bus vehicles could range from small twelve to twenty passenger vans to 1 arger 
transit coaches. For their advantage of reliability and long-term 
rnaintainabjl i t y ,  transit qua1 ity coaches should be used in t h i s  appl i ca t ion.  
A s ingle  thirty passenger coach would provide adequate capacity f o r  most o f  
the year, with additional buses required during t h e  summer months. Typically, 
the coaches would be diesel powered. However, because o f  odor problems, and 
the  des i re  t o  mainta in high a i r  qua1 ity standards, a1 ternative fuels such as 
methanol, propane, or l i q u i f i e d  natural gas could be considered. Limited 
f i x e d  facilities f o r  bus service would be required . The upper terminal for 
buses would be incorporated i n  the porte-cochere of the hotel, One or more 
small terminals would be required i n  t h e  lower parking lot. Maintenance can 
be handled elsewhere at a location t o  be determined. Covered winter storage 
f o r  the  buses would probably be required. For  purposes of the comparison of 
a1 ternatives, these facil ities were assumed to be located in the v i c i n i t y  of 
Mazama campground. 

Figure 9. Typical shuttle bus system. 



2a. Elevated Funicular Railway 

Unl i k e  A1 ternative I, this a1 ternat i v e  provides some parking on the Crater 
Rim. Rim parking would be limited t o  100 spaces for overnight guests at 
Crater Lake Lodge. No parking would be provided at the new Activity 
Center/Hotel . In the lower parking lot, 280 surface spaces would be provided, 
along with a 120 space parking structure far use during the w i n t e r  months. I n  
addition, thirty recreational vehicle spaces will be provided in t h e  lower 
lot. Year-round transportation t o  the Activity Center/Hotel would be provided 
exclusively by an elevated funicular railway from the lower parking lot. 

A funicular railway consists of two trains running in a "j ig-back" 
configuration on a single pair o f  rails, guided by a single cable or haul 
rope. A t  t h e  halfway point, a double track is provided to allow the trains to 
pass. The trains are typically divided into several cars, and can accommodate 
wheelchairs and either seated or standing passengers. Capacity is a function 
of the number and size  o f  cars in each t r a i n  and the speed af the haul rope. 
Since the funicular runs on an i n c l i n e d  plane, t he  floors are designed to 
maintain a horizontal position. The funjcular can be run an an at grade, 
elevated or underground rail system. A straight route is preferred, and 
abrupt or extreme changes i n  gradient must be avoided. For this reason, an 
elevated funicular does not typically follow t h e  natural contours o f  the  site. 
In fact, a convex curvature o f  the track is required to keep the haul rope in 
the proper position. Use o f  an elevated track would necessitate making an 
a1 lowance for maximum snow pack and clearance. According1 y, the track would 
be elevated twenty to  twenty-f ive feet above the ground, As in any elevated 
structure, t h e  supports must  be designed to accommodate snow creep, A 
fun icul ar system could be designed to accommodate future increases in capacity 
through the use o f  1 arger cars. 

There would be no major technical problems associated with implementat ion o f  a 
f unicul ar system. Funicul ars have been i n  continuous operation in many a1 pine 
settings throughout Europe since the turn o f  the century. No known systems 
are currently operating in North America. However, a number o f  1 i f t  
manufacturers with offices i n  the United States have the exper t ise  to design 
and install funiculars. These fully automated systems have been found to be 
extremely reliable and are able to operate in all weather conditions. 

Based upon the volume and patterns o f  site visitation at Crater Lake, a design 
capacity o f  1,000 people per hour will be required t o  accomodate peak 
conditions in the summer months. T h i s  will be accomplished through the use o f  
two thirty-passenger cars, operating at a speed o f  1,000 feet per minute. As 
one car l eaves the lower terminal, the other car will 1 eave the upper terminal 
(double reversible technology), with a by-pass sectSon at mid-point for 
passing of the two cars. As with any o f  t h e  systems, there could be 
occasional, short-term peaks exceeding capacity.  Th is  system will be fully 
automated for maximum operating efficiency, 



Figure 10. Typical elevated funicular system. 





Figure 11. Typical " j ig-back" aerial gondola system. 
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3. Shuttle Bus w i t h  Surface and Structured Rim Parkinq 

A1 t e r n a t i v e  3 provides for parking at Crater Lake Lodge (100 spaces) and the 
Ac t  i v j  ty Center/Hotel . Both surface and structured parking would be bu i 1 t at 
the new Activity Center/Hotel , providing 60 spaces each, and f i v e  spaces for 
winter parking o f  recreational vehicles. The lower parking let would consist  
o f  spaces for 280 autos and 30 recreational vehicles. A shuttle bus system 
would transport visitors f rom the lower parking l o t  to the Activity 
Center/Hotel during t h e  peak summer months. During the winter, all visitors 
would park at the C r a t e r  R i m  (120 spaces). 

4 ,  Shuttle Bus w i t h  Structured R i m  Rarkinq 

A1 ternative 4 a1 so provides for sumer-only use o f  t h e  lower parking lot. 
However, all 120 spaces at t h e  Activity Center/Hotel would be in a parking 
structure, with the except i o n  of f i v e  surf ace spaces for recreational 
vehicles.  The 100 spaces at Crater Lake Lodge would remain. 

5. All Parkins on Rim 

This  alternative provides parking on t h e  Crater Rim for a71 Park visitors 
except these arriving i n  recreational vehicles. A parking structure on the 
west side o f  the new Activity Center/Hotel would prov ide  400 spaces, w i t h  an 
additional 100 spaces at Crater Lake Lodge. A reduced 1 ower parking 1 o t  would 
accommodate 30 recreational vehicles w i t h  on-call shuttle service to the 
Activity Center/Hotel . 



0. Hours of  Operation by Alternative 

The required hours o f  operation f o r  each a7 ternative are shown i n  Table 4.  

TABLE 4.  PROPOSED HOURS OF OPERATION BY SEASON FOR EACH ALTERNATIVE 

0m~1: 1 ***.- sehsdaldf ....- o n - d d  only 
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C. Comparison o f  A1 ternat ives 

In order to make an objective comparison o f  the s i x  alternatives, various 
evaluation criteria have been identified. These criteria represent var ious 
project requirements, design ob ject ives ,  and management goals. Through the 
application o f  these criteria, positive and negative attributes of each 
alternative have been determined. The criteria have been grouped into three 
categories re1 at ing to user, envi ronmental , and operational concerns. To 
facil i tate comparison of the a1 te rna t  i ves ,  each eval v a t  ive criterion has been 
separately addressed in the following section. Unless otherwise noted,  t h e  
alternatives have been evaluated in the context of peak summer season use. 

1, Vehicular lm~act on the Crater R i m  

The primary objective o f  this transportation study i s  to investigate means o f  
reducing vehicular impacts on t h e  Crater R i m .  There are three interrelated 
components which result i n  vehicular  impacts: the amount o f  surface parking on 
the Rim, the design of the access reads to Crater Lake Lodge and the A c t i v i t y  
Center/Hotel , and the number o f  car and bus t r i p s  generated during the peak 
summer season. 

While Alternative 1 does not include any R i m  parking, a shuttle bus system 
will provide access to Crater Lake Lodge and the new A c t i v i t y  CenterJHotel . 
This will necessitate the presence of roads and shuttle buses between the two 
facilities on the R i m .  Alternative 2 will have parking at Crater Lake Lodge, 
but w i l l  not have parking or shuttle service at the A c t i v i t y  CenterJHatel, as 
the funicular or gondola will provide access for visitors. Limited traffic 
impacts will result f r o m  a summer only service and emergency access road on 
the west side of t h e  Activity CenterJHotel. Alternatives 3 and 4 will each 
resvl t i n  vehicular t r a f f i c  at the  R i m ,  as some parking i s  provided at both 
the Activity Center/Hotel and Crater Lake Lodge. A1 ternative 4 will result 
in sl i g h t l  y less impact than A1 ternat ive 3, as a1 1 spaces at t he  A c t i v i t y  
CenterJHotel will be in an underground parking structure. Al te rna t i ve  5 will 
have maximum vehicular impact on t h e  Crater R i m ,  w i t h  no lower parking lot. A 
large parking structure will be located to the west o f  the Activity 
Center/Hotel and surface parking will be provided at Crater Lake Lodge. 

Bus and auto trips generated during peak season f o r  each a1 ternative are 
presented below. During the winter months, the number o f  trips will be 
reduced , 



TABLE 5. NUMBER OF DAILY PEAK SEASON TRIPS 

Act iv i ty  Center/Hotel Crater Lake Lodge 
A1 ternat ive Buses Cars Vans Buses Cars Vans 

1 542 0 106 o 0 * 

In summary, the option which has the least vehicular impact to the Crater Rim 
i s  Alternative 2. This alternative results in the least amount of vehicular 
traffic to and from the R i m ,  with Rim parking restricted to Crater Lake Lodge. 
In addition, the road design i n  this alternative i s  the least intrusive upon 
the R i m  Village area, as it does not access the Activity CenterlHotel from t h e  
east .  

2. User Criteria 

Sense of Arrival 
The desisn o f  the new ~arkinq and trans~ortat ion system for Crater Lake should 
be eas i l i  understood b i  park-visitors. ' Several factors contribute to the 
clarity and directness o f  t h e  entry sequence. First, visitors can be more 
easily oriented or directed if all visitors arrive at the same location. In 
addition, the more access roads and parking lot options that are available, 
the more confusing i t will be for  visitors. A sense of arrival for all the 
a1 ternatives i s  somewhat lacking due to the f a c t  that most visitors' first 
experience will be o f  a large parking lot. This is compounded by the fac t  
that i n  most o f  the alternatives, visitors wi l l  be asked t a  park before they 
have reached their destination at the Crater R i m .  

Taking these factors into consideration, it appears that Alternative 5 
presents the clearest entry sequence, as all visitors will go to the same area 
to the west of the Activity Center/Hotel near the Crater R i m .  From this 
point, overnight lodge guests can continue on to Crater Lake Lodge, w h i l e  all 
other day visitors and hatel guests will park in the garage. A1 ternative 1 
also o f f e r s  a fairly clear entry sequence, as all Park visitors will proceed 
to the 1 ower park ing lot upon arrival. Because there i s  a sing1 e destination, 
confusion i s  limited. However, visitors must stop and park before reaching 
t h e  Crater Rim and proceed to a bus terminal to take a bus to t h e  Activity 
Center/Hotel or a van to Crater Lake Lodge. Alternative 2 begins to create 
somewhat more confusion in the entry sequence, as Crater Lake Lodge guests can 



d r i v e  to their final destination, while all o t h e r  visitors must park in the 
lower lot. However, upon arriving in the parking lot, it will be very clear 
how to access the Crater R i m  via the gondola or funicular, and the terminal 
will be prominently 1 ocated. The most confusing a1 ternat ives  are 3 and 4, 
which both include three separate parking areas for visitors. During the 
summer and shoulder seasons, active management of the parking supply will be 
required. P t wi 1 1 be necessary to connnun i cate very cl early who can park a t  
the Crater Rim lots and who must take a bus from t h e  lower parking area. A s  
with all bus options, location o f  the var ious  bus stops must be clearly 
designated, so that visitors know where to wait and how of ten a bus will 
depart for the R i m .  

View Potent i a1 
TRi s consideration addresses the opportunity for views o f  the 1 andscape as 
visitors approach the Crater Rim. A1 ternat  i ve 2 provides the best  opportunity 
for viewing the  Park landscape as visitors approach the Crater Rim. These 
elevated transportation systems offer expansive views and allow visitors to 
passively enjoy these views as they are transported to and from the Activity 
Center/Hotel . The bus r i d e  in A1 t e rna t  ives 1, 3, and 4 will provide some 
opportunity f o r  views.  Alternative 5, while allowing visitors to drive 
nearest t h e  Crater Rim, probably does not allow full enjoyment of the views as 
visitors will be engaged i n  negotiating the access road and looking for a 
place t o  park, 

User  ADD@^^ 
The transportat ion system with the  greatest user appeal will be most effective 
at counteracting any negative implications associated with the use o f  remote 
parking lots. Because o f  the widely recognized appeal of the private vehicle, 
Alternative 5 will clearly be t h e  most appealing, since visitors will be able 
to d r i v e  their cars directly to their destination. Alternative 2 will 
represent a relatively high level of user appeal, due to the uniqueness and 
speed o f  the funicular and gondola systems. The shuttle bus alternatives (1, 
3, and 4) have the least visitor appeal, due to t h e i r  familiarity, and 
aperat ing characteristics such as frequency of departure, l ength of trip, 
comfort, etc. 

Ease o f  Access 
Access f o r  handicapped and elderly visitors and families w i t h  small children 
i s  an important consideration in the design of a parking and transportation 
system. A l t e r n a t i v e  5 allows the most ease of access, w i t h  a drop-off  zone jn 
front a f  t h e  Activity Center/Hotel and adjacent to the entrance to t h e  parking 
structure. A1 t e r n a t i v e  3 and 4, with some parking an the Rim,  can set aside 
handicapped parking at t h e  Act iv i ty  Center/Hotel . A 1  ternat i ve 2 provides 
relatively good accommodation for mobility impaired visitors, with parking 
directly next to t h e  terminal and easy access onto gondola cabins or funicular 
cars. Accessible buses will be required for Alternative 1, an alternative 
somewhat 1 ess access i b l  e than A1 ternat i ve 2. 



Comfort 
The general comfort level o f  t h e  transportat ion a1 ternat ives will affect how 
v i s i tors respond to the remote parking configuration at Crater Lake, Clearly, 
Alternative 5 presents the most comfortable option, as visitors can stay in 
their cars until they arrive at t h e i r  final destination. The funicular is 
probably the next most satisfactory system, as it runs on a f ixed track and 
offers a smooth ride in comfortable conditions. The buses and gondola did not 
receive as high a rating, as they are more susceptible to motion due to 
enw ironmental factors such as wind, weather, and road conditions. 

Trip Time 
The calculation o f  total t r i p  time cons is ts  o f  t w o  primary components: actual 
transport time and waiting and/or loading/unl oading . For t h e  funicular and 
gondola systems, t h e  total perceived trip time, including waiting, 
1 oad ing/unl oad ing and travel between terminal s , w i 1 1  be three minutes. A t  
1,000 f e e t  per minute, the time to travel the distance o f  750 f e e t ,  including 
accel erat ion and decel erat ion, w i 11 be approximate1 y one minute. During peak 
times, departures would take place at two minute interval s. At off -peak 
times, departure would be activated by the visitor (i .e., by pushing a 
but ton) ,  and would be immediate. Except under adverse weather cond it ions, the 
trip time for bus alternatives would be about two minutes from the lower 
parking area to the Activity CenterJHotel . During peak times, buses would 
depart as frequently as every 1.5 minutes.  Adding half o f  this as t h e  average 
peak w a i t  time makes t h e  perceived t r i p  time about two to five minutes. 
During mast of the  year, t h e  pol icy headway (maximum time between buses) of 
7.5 minutes would p r e v a i l ,  resulting in a perceived t r i p  time of five to six 
minutes. For a1 ternatives with some parking at the Rim, auto  access times 
from t h e  lower entrance road will be slightly under two minutes. Clearly, 
Alternative 5 represents the "shortest" trip time, as visitors will not 
perceive the drive to the Rim parking as a separate t r i p .  

Effect on Overnisht Guests 
Overnight guests have two needs that differ from those o f  typical visitors. 
F i r s t ,  hotel and lodge guests must transport luggage and other belongings from 
their cars to their rooms. Second, overnight guests may be arriving in the 
late evening, after most Park operations have ended for t h e  day. Clearly, 
Alternatives 3, 4, and 5, which provide for vehicular access and parking at 
t h e  lodge and hotel will be most convenient for overnight guests. 
Alternatives 1 and 2 require that overnight guests load t h e i r  luggage onto and 
o f f  o f  a bus, van, gondola, or funicular. These transportation systems would 
a1 so necessi tate  a 24-hour per day operating schedule in order to accommodate 
1 ate arriving and early departing guests. In Al ternat ive 1, 1 ate and early 
service would be provided on-demand by hotel /lodge vans. Both t h e  funicular 
and the gondola systems would employ a security person/operator during o f f -  
peak times, This person can a s s i s t  late-arriving guests. In addition, t h e  
automated funicular can be programmed to respond to a visitor act iva ted  signal 
s i m i l a r  to the button inside an elevator. A similar radio-controlled system 



is possible  w i t h  a gondola, however, it would probably be simpler f a r  the 
operator to activate the system, rather than t h e  Y isitors. 

Effect on RV Users 
Thirty special parking spaces will be provided for recreational vehicles 
( R V ' s )  in all f i v e  alternatives. In alternatives 1 and 2, a11 visitors, 
including those i n  R V t s ,  will park in the lower lot i n  both summer and winter. 
A1 ternat i ves  3 and 4 both call for RV parking in the lower parking 1 ot during 
the summer months and also provide f i v e  winter season spaces at the Activity 
Center/Hotel. In Alternative 5, most visitors will park in the parking 
structure on the Crater Rim. However, RV's  will park in a separate lower 
parking lot during t h e  summer which will be served by an on-demand shuttle 
bus. Visitors who w i s h  to walk from this parking lot to t h e  Activity 
Center/Hotel must cross the main access road to do so. During the winter, 
five RV spaces will be provided on top o f  the main parking garage. In 
alternatives 3, 4, and 5, RV winter parking i s  limited to f i v e  spaces. During 
the summer, these spaces will be used f o r  additional handicapped or employee 
parking. 

3. Environmental Criteria 

Visual Im~acts 
Visual impacts of the various park ins and transportat ion a1 ternat ives are 
similar t b  those described i n  the section outlining vehicular impacts at the 
Crater Rim. While features o f  the lower parking let will not be visible from 
the R i m  due to topography and vegetation, they are important in t h a t  they farm 
a first impression f o r  the visitor. In this respect, A1 ternatives 1 and 2 
both call for 1 arge parking 1 ots and structures in the 1 ower area. However, 
Alternative 2 has somewhat more significant visual impact, due to the  presence 
of an elevated funicular or aerial gondola in the landscape and the fact that 
these structures will remain on s i t e  year round. Three support towers will be 
required for the gondola which would reach a height o f  40 to 50 feet ,  in order 
to accommodate maximum snow d e p ~ s  ition. The funicular would be elevated to 
about 25 feet above ground 1 eve1 , supported by three concrete col umns. In 
addition, t he  funicular would have a passing station in t h e  center of the 
t rack,  measuring approximately 60 f e e t  long and 12 feet in width. In 
comparing t h e  v isua l  impact of these two systems, it i s  also important t o  
recognize that t h e  gondola employs a sequence of  spaced towers 1 inked by 
cable, w h i l e  the funicular has the appearance o f  an elevated railway. The 
visual impact o f  either system i s  clearly a matter o f  opinion. 

Arch i tectural Character 
All t h e  parking and transportation alternatives will require t h e  use o f  
traditional arch i tectvral treatments for bus stops, terminal s, and /or parking 
structures. Alternative 5 will present t h e  most difficult architectural 
challenge, with a very large parking structure in close proximity to the 



Activity CenterJHatel and Crater Rim. The I ower parking structures in 
Alternatives 1 and 2 will be quite large and may compete visually with t h e  
Act iv i ty  Center/Hotel. In addition, t h e  gondola or funicular in Alternative 2 
will be modern components which must interface directly with the Activity 
Center/Hotel structure. A1 ternat ives 3 and 4 require the small est parking 
structures, under the Act iv i ty  Center/Hotel building. 

Crater Lake's atmospheric conditions are some o f  t h e  cleanest i n  the world. 
Accordingly, odor and air quality are important considerations. The funicular 
and gondola aptions will n o t  result in any air qual ity or odor problems at 
Crater Lake since these systems utiljse electric motors. Alternatives which 
depend upon auto access or shuttle buses to the Crater R i m  will contribute to 
decreased air quality. Alternative 5 will have the most impact on air quality 
i n  the vicinity o f  R i m  Village, as all cars will be funneled to t h e  parking 
structure adjacent to t h e  Act iv i ty  Center/Hotel. A1 ternat i ves  3 and 4 each 
contribute both auto and bus emissions at Rim Vil lage,  while Alternative I 
represents the  least amount of vehicular t r a f f i c  o f  all the bus alternatives, 
as no private autos will be allowed access to t h e  Crater R i m ,  on a year-round 
basis. In addition, t h i s  issue will be influenced by the type o f  fuel used 
f o r  the shuttle buses. 

From an operational standpoint, diesel powered buses are a logical choice f o r  
long-term maintainabflity. However, the odor may be undesirable. Several 
other choices may be avail abl e, including gas01 ine, propane, methanol, or 
Iiquified natural gas, and are described below. While gasoline powered buses 
are somewhat less durable, they are currently available and will minimize 
odor. Engines modified to run on propane are also available. However, there 
can be unpleasant odors in t h e  exhaust and special fuel ing systems are 
required. While methanol powered buses are operating, and doing so with 
minimum odor, t h e  technology is still in the demonstration phase. With 
upcoming Federal and Los Angeles basSn air qual ity requirements, methanol or 
some other a1 ternative to diesel engines will probably be perfected in the 
next few years. L j q u i f  ied  natural gas is an abundant fuel w i t h  minimum 
exhaust odors. However, practical appl icat ion at Crater Lake would depend on 
a nearby source of natural gas and a special fue l  ing system woul d be required. 

Neise/Vibrat ion 
Noise and vibration are an issue both for riders and for visitors near the 
transportation route. Due to t h e i r  use o f  electric power, funiculars and 
gondolas are somewhat quieter than buses. In addition, some vibration is 
experienced by gondola and bus riders, while the ffxed funicular track 
eliminates most vibrations for this system, The level o f  noise for t h e  bus 
alternatives will be higher than for Alternative 2. For these reasons, the  
funicular system i s  the least disruptive system, fallowed by the gondola. 



En r 
When cornpari ng energy and power requirements for the transportat ion 
alternatives, it is evident  that the bus systems all require the use o f  fossil 
fuels, while the fun icu la r  and gondola rely on electricity. Additionally, 
with t h e  exception o f  Alternative 1, all other options consume f o s s i l  fuels 
through the provision of various parking schemes for private vehicles at the 
Activity Center/Hetel and/or Crater Lake Lodge. Total fuel consumption for 
each a1 ternative will reflect a balance between buses and private vehicles 
traveling to the Crater Rim, Fuel consumption for each alternative i s  
out1 ined below. 

TABLE 6 .  PROJECTED ANNUAL FUEL REQUIREMENTS BY ALTERNATIVE 

A1 ternat ive T Y D ~  o f  Fuel Annual Reau irement 

1 - buses1 
- on-demand shuttle 
- autos2 

2 - fun icul arlgondol a 
- autos2 

3 - buses1 
- on-demand shuttle 
- autosz 

4 - buses1 
- on-demand shuttle 
- autos2 

5 - on-demand shuttle 
- autosZ 

foss i 1 
fossil 
foss i 1 

electricity 
fossil 

foss i 1 
f o s s i l  
fossil 

fossil 
fossil 
fossil 

fossil 
fossil 

12,000 gal 1 ons 
1,300 gallons 

0 gal Ions 

44,000 KWH 
3- gallons 

3,700 gal 1 ons 
650 gallons 

SlOa gal l ons 

3,700 gal l ons 
650 gallons 

S E ~  gal 1 ons 

1,100 gal 1 ons 
9lbb gallons 

1) See discussion o f  alternate fuels. 
2)  Only the portion from t h e  entrance at the lower parking lot to the 

Crater Rim was considered. 

Tree Removal 
Most o f  t h e  proposed parking 1 ots, road a1 ignments, and the gondol a/f un icul ar 
route are in areas o f  sparse tree cover, where tree minimal removal will be 
necessary. The greatest number o f  trees will be removed during construction 
of t h e  centra l  access road included i n  Alternatives 1, 3, and 4 .  Somewhat 
fewer trees will be impacted i n  Alternative 2 due to t h e  shorter access road 
and the limited clearing required for installation o f  the gondola or 
funicular. Alternative 5 will result i n  the least amount o f  tree removal, due 
to the f a c t  that the parking structure and access road to the Lodge are 
planned for s i t e s  which have already been disturbed. 



Con f l i c t  With Pedestrian Pathwar 
A pedestrian path will be provided i n  a71 alternatives between t h e  lower 
parking area and the Activity Center/Hotel . In a1 ternat ives 1, 3, and 4, the 
pedestrian path must crass the central road once, near the Activity 
CenterJHotel. In Alternative 2, the pedestrian path crosses under the 
fun icul ar or gondol a a1 ignment several times, b u t  does not require any road 
crossings. A1 ternative 5 provides a pedestrian path for RV users who must 
park in the lower parking lot. Because t h e  main access road to the Crater R i m  
is not real igned in t h i s  a1 ternative, visitors parking in the lower lot must 
cross the main road in order to walk to the Activjty CenterJHotel. 

4. Operations Criteria, 

System Caoacitv 
A1 1 the proposed systems meet the peak capacity o f  1,000 peopl e per hour in 
each d i rect ion, However, the parking configurations and transportat ion 
requirements out1  ined in the various alternatives may not fully reflect the 
need for higher capaci ty  than i s  currently provided. 

Freauencv o f  Service 
Dur i nq peak cend i t ions, t h e  fun icul ar and gondol a both have the capacity to 
maintain a two minute departure schedule. - ~ t  other times, the fully automated 
funicular and gondola systems can provide on-demand service. For the bus 
alternatives, t h e  time between departures will vary from 1.5 minutes at t h e  
peak to a maximum o f  7.5 minutes. The operating schedules for each 
alternative were shown in Table 4. For t h e  bus alternatives, a mix o f  
scheduled and on-demand service will be provided. In Alternative 2, the 
funicular or gondola will operate 24 hours per day, as needed. A 1  t e r n a t  ive 5 
represents t h e  most "frequent" service, as Park visitors proceed directly t a  
t h e  Activity Center/Hotel in t h e i r  own vehicles. 

Staffins Reauirements 
The s t a f f  requirements for the funicular and gondola are virtually the same, 
and amount to f i v e  full time staff positions. While the funicular can be more 
fully automated than t h e  gondola, it i s  still desirable to have attendants 
present at peak times to be certain t h a t  v i s i t o r s  and t h e i r  belongings are 
safely inside the cars before departure. Gondola attendants wi l l  also perform 
t h i s  function, as we17 as activating the system to depart. At non-peak t imes, 
both systems would require a single security person/operator to a s s i s t  la te-  
arriving guests and to ensure the security o f  the terminals, e tc .  This person 
would be stationed at one terminal and would use a video camera system to 
monitor a c t i v i t i e s  at the other terminal. Either system will require a full- 
time resident system supervisor/technician. T h i s  person would be fully 
responsible for maintenance, s t a f f i n g ,  system programming, and trouble- 
shooting. 



For Alternative 1, the peak staff is comprised of 12 drivers (for two shifts), 
one dispatcher, one manager, and a half - t ime maintenance mechanic. The 
reduced off-peak staff sizes and the s t a f f  needed f o r  other a1 ternatives 
corresponds to the reduced demand for bus service. I t  was assumed t ha t  the 
late and early hour on-demand van service would be provided by available hotel 
and Lodge staff. 

TABLE 7. STAFFING REQUIREMENTS BY ALTERNATIVE 

Al ternat ive Peak Staff Averase [off-~eakl Staff 

14.5 
5.0 
9.5 
9.5 

none 

4.5  
5.0 
4.5 (none in winter) 
4.5 (none i n  winter) 

none 

Emerqencv/Serv ice Access 
A l t e r n a t i v e s  1, 3, 4 ,  and 5 all allow full vehicular access to the  Activity , . , 

Center/Hotel on a year-round basis.  In these opt ions, a road will be plowed 
for either buses or cars during the winter months. Alternative 2 does not 
provide plowed access to t h e  facility. A 1 1  winter access i s  assumed to be 
provided by the funicular or gondola. While service and emergency access can 
be accommodated by these systems, it would require the cumbersome and time- 
consuming task o f  transferring goods f r o m  a truck to the t r a n s p o r t a t i o n  
system, and then i n t o  the Act iv i ty  CenterJHotel. Neither the gondola nor t h e  
funicular are suited to t ranspor t  fire fighting equipment, I n  addit ion,  use 
of t h e  systems f o r  service and emergency access i s  likely t o  disrupt the 
operating schedule and delay serv ice for Park v i s i t o r s .  

Snow Removal 
All o f  t h e  bus alternatives will require plowing o f  the access road to the 
Activity CenterJHotel and the winter parking structure, whether located at the 
lower l o t ,  or adjacent to the Act iv i ty  Center/Hotel. Alternative 3 will 
require somewhat more plowing o f  parking areas, due to the reduced number o f  
covered parking spaces provided. Alternative 2 will require the least amount 
o f  plowing, as no access road will be cleared to the Activity CenterJHotel. 

Storm Weather Oneration 
This discussion presumes t h a t  Park visitors will be able t o  access t h e  s i t e  
during poor weather conditions. Given this assumption, visitors will be 
capable o f  d r i v i n g  to the parking structure at the Crater Rim (A1  ternat ive 5). 
Visitors who park i n  the lower parking area will be most easi ly  served by the 
funicular, which is virtually unaffected by weather condit ions. Gondola and 



bus service are more susceptible to the influence of weather. Extreme wind 
condit ions may prevent the gondola from operating, while heavy snows may cause 
delays or suspension of bus service. However, it i s  expected t h a t  the gondola 
and buses would be affected for brief periods, under most  circumstances. 
Svstem Ex~andab il it Y 
Clearly, t h e  shuttle bus systems (1, 3, and 4) provide the most flexibility in 
addressing increased capacity needs, as additional parking areas could be 
constructed and more buses could be added to the fleet. The funicular 
capacity could be increased, if additional parking is provided near the lower 
terminal. First, the present cars could be converted, reducing the number o f  
seats and increasfng standing room for passengers. T h i s  modif icat ion would 
result in a capacity nearly deubl e the original design. Additionally, another 
car could be added to the funicular railway. However, t h i s  approach would 
require modifications to t h e  upper and lower terminals. The gondola i s  more 
1 imited in its abil i t y  to accommodate expansion. While another cabin could be 
added, this would necessitate a cornpl e t e  upgrade o f  cab1 es, gear boxes, and 
line machinery. Alternative 5 is not well-suited to capacity expansions. In 
essence, i f  the parking structure i~s too small, a remote parking area will 
have to be built, necessitating the addition o f  a transportation system. 

Manaqement Considerations 
While i t  is important to provide parking for hotel guests and handicapped 
visitors at t h e  A c t i v i t y  Center/Hotel, all other parking should be limited to 
t h e  lower lot. I f  any parking for the general public is provided at the 
Crater R i m ,  many visitors will not park in the lower l o t  until they are 
certain parking at the rim is full, Accordingly, this typical pattern o f  use 
by visitors w i l l  generate increased traffic on t h e  new access road and i n  the 
Rim Village. This unnecessary traffic will also contribute to a reduction in 
air quality in the park. When considering "winter only" parking for the 
general public at the Crater Rim, it must be understood that at some p o i n t  i n  
the future, demand wS11 exceed parking capacity. At that t ime,  winter use o f  
t h e  lower l o t  and transportation system will be necessary. In addition, the 
same problems associated with prov id ing  limited R i m  parking in t h e  summertime 
will also become apparent during t h e  winter season. In t h i s  respect, 
alternatives which concentrate parking in one particular area present fewer 
1 ong- term management probl ems than a1 ternat ives with dispersed parking 
facilities. In this respect, Alternatives 1 and 5 provide the most suitable 
parking configuration, f o l  lowed by A1 ternative 2. 

Res~onse t o  S y s t e m  Failure 
In the event o f  system failure, such as bus breakdown or malfunction of the 
fun icu la r  or gondola, a l t e r n a t i v e  means of accessing the Crater Rim must be 
provided. Alternatives 1, 3, and 4 which rely on buses respond fairly well to 
system failure. If a bus breaks down, it can be replaced. In the interim, 
delays may be caused if buses are forced to make less frequent runs due to 
reduced fleet size.  A1 ternat ive 2 does not respond we1 1 to system failure. 
In the event o f  a breakdown o f  the funicular or gondola, buses would have to 



be obtained, and visitors would have to be shuttled to either the Lodge or the 
service entrance of the Activity Center/Hotel , since no central road i s  
provided in this a1 ternat ive. A 1  ternat ive 5 does not depend on any 
transportation system, therefore i t i s  not subject to system failures. 

5. System C o s t s  

Capital Cost 
Capital costs are summarized i n  Table 8. These costs do not include the 
Activity Center/Hotel or landscaping. Alternatives 1 and 3 are the least 
expensive, followed by 4, Zb, and 2a, respectively. The most expensive is 
Alternative 5, t h e  large parking structure at the Activity Center/Hotel. 

TABLE 8. CAPITAL COSTS BY ALTERNATIVE ( i n  millions) 

Parking, Roads 
A1 ternat ive Transportat i o n  and Structures* Total 

* Structures include bus or gondolaJfunicular terminals, maintenance 
b u i l d i n g s ,  and parking garages. 

Operat ins and Maintenance Costs 
The direct annual operat ing and maintenance costs  associated with the various 
transportation alternatives are shown i n  Table 9. 

TABLE 9. OPERATING AND MAINTENANCE COSTS BY ALTERNATIVE (in millions) 

Park i na . Roads 
A1 ternat ive TransDortat_is_r! and Structures* T o t a l  



The 1 east expensive a1 t e r n a t  ive  f rom the standpoint of operating and 
maintenance i s  Alternat ive 5. Alternatives 3 and 4 are i n  t he  intermediate 
range, and A1 ternatives 1 and 2, providing t h e  most  transparkation service and 
the least R i m  parking, are the most expensive. 

Life-Cvcl e Costs 
Project 1 ife-cycle costs  for all alternat ives are represented in Table 10. 
These costs include all capital, operating and maintenance costs for each 
alternative over a 25 year period, discounted at seven percent. Elements 
which have been included i n  these calculations are: Activity Center/Hotel, 
roadways, parking I o t s  and garages, terminal b u i l d  jngs, maintenance 
facilities, landscaping, and the actual transportation systems. These costs 
range from $25.56 mill ion f o r  Alternative 3 to $31.42 million for Alternative 
Za. 



I I m m l l l m l m l l l m l l l l l l m  

VIEITOR BUELDIBOB: 
Lodge (note 1) 

~ I 3 C A F I l G  (no t s  3 )  
upper 
Lower 

TRA#SPORTATI~ EYSTEMr 
Bardwnre (aota 2) 
Terminala/Garage 
Parking Garage - upper 
Uaint/Btorage Facility 
Lcdga Shuttle [note 4 )  
On-dmnd Shuttle 

I Alternattve I I ~ltemativa 2a I Ntarnativa 2b I Alternative 3 1 a t e n a t i v e  4 I Alternative 5 ( 
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AOTES : 
1. Par B i t e  Plan 2, lodgm erreta ineluda the cnstn for the upper gondola or funicular terminal. 
2. Vehicle replacament costs are ineludeel ior tha bus a l ternat ives .  
3. Landscaping in~ludea surface parking coste .  
I .  Capital coste of the motel and Lodge vane ured for t h i s  service included 5n the hourly charge e f  SZZ for this "on-demand" 
5.  l i f e  cycle costs wmre based on (per Karl von Ranenberg 7 / 2 1 / 6 9 ] :  

o all capital casts incutred in the lirar year, plu8 
o net  preaent value of annual operating and maintenance coats 

for 25 years dimcounted a t  7%. 
Energy costa are i n c l u d d  but w i l l  be diacueaed in more detail elsewhera. 



TABLE 11. COMPARATIVE MATRIX SHOWING ABILITY OF PARKING AND TRANSPORTATION 
ALTERNATIVES TO MEET PROJECT CRITERIA 

Project Objective 1 2a 2b 3 4 5 

User Criteria 1 2a Zb 3 4 5 

Ease o f  Access 

E~vironmentaP Criteria 1 2a 2b 3 4 5 

Ability t o  Satisfy Evaluation Criteria 

Highly Successful 
.................. >c:.:.:.:.:.:,:...,. >,.,. 
.'.:.:,:,i:.:.:.:.:.:.:.: 
:,:,:.C'.:.:.:,:,:,:.:.:.:. ............................ j] ............................ Moderately Successful 
:.:,:,:,:.: .,.,. :.:,:.:.:. ............. 



Merations Criteria 1 2a 2b 3 4 5 

Svstem Casts 

Ab i 1 i t y  t o  Satisfy Eva1 uat i on Criteria 

Highly Successful Moderately Successful 



VII. S U M  

Based upon the description and analysis of the various parking and 
transportat ion a1 ternat ives, certain strengths and weaknesses o f  each opt ion 
become apparent. 

Alternative 1 has several positive aspects, the most important o f  which is its 
effectiveness i n  removing parking and t r a f f  jc from the Crater R i m .  Several 
drawbacks associated with this a1 ternat ive are inconvenience f o r  overnight 
guests to the Lodge and Hotel, reliance on bus service during the winter 
months, the general lack o f  appeal of a shuttle system. In addition, 
issues relating to air qua1 i t y  and the consumption of fossil fuels are also 
important.  

Alternatives 2a and Zb rank high on many o f  the evaluative criteria, with the 
fun icul ar showing some advantage over the gondel a. These systems general 1 y 
offer more benefits to the user than a shuttle bus system, without as many 
negative environmental impacts. From an operational perspective, the systems 
provide a h i g h  level o f  service and are reliable under nearly all conditions. 
However, A1 ternative 2 i s  impractical in its assurnpt ion that no road access 
will be provided during the winter for service and emergency vehicles or hotel 
guests and employees. Alternatives Ta and 2b have the highest  life-cycle 
costs, 

Alternatives 3 and 4 result in nearly identical ratings in our evaluation, as 
t h e  only difference between them is t h e  ratio of surface to structured parking 
at the Activity Center/Wotel . The difference between these a1 ternat i ves and 
Alternative 1 is t h a t  buses are only used during the summer months, with road 
access t a  the Activity CenterJHotel for winter visitors. 

A1 terat i v e  5 is clearly superior to a1 1 ether opt ions from the perspective o f  
the various user criteria. However, t h i s  alternative does not accomplish the 
basic objective of removing the majority of vehicular traffic from the Crater 
Rim. In addition, the presence of a large parkjng structure and many vehicles 
associated with t h i s  alternative will have an overall adverse impact on the 
Crater hake environment . 
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APPENDIX A 

EXCERPT FROH 50 PERCENT PHASE 

TECHNICAL REMIANWM 



NOTE: The following sections of the 50 percent report have been presented here 
as a reference. The remainder of t h e  50 percent report has been integrated 
into the 100 percent report. 

V I .  SYSTEM ALTERNATIVES 

A. Overview of Alternative Transportation Systems 

1. Shuttle Bus 

Bus vehicles could range from small twelve to twenty passenger vans to 1 arger 
transit coaches. For t h e i r  advantage o f  reliability and long-term 
maintainabil ity, transit qua1 i t y  coaches should be used i n  this appl ication. 
A single thirty passenger coach would provide adequate capacity for most of 
t h e  year, with additional buses required during the summer months. Typically, 
the coaches would be diesel  powered. However, because of odor problems, 
a1 t e r n a t i v e  f u e l s  such as methanol or propane could be considered. Limi ted  
f i x e d  f ac i l  i t  i e s  for bus service would be required . The upper terminal for  
buses would be incorporated i n  the porte-cochere o f  the  h o t e l .  One or more 
small terminals would be required i n  the lower parking lot. Maintenance can 
be handled el sewhere at a location to be determined. Covered winter storage 
f o r  the buses would probably be required. 

Figure 9. Typical shuttle bus system. 
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2 .  Covered Walkway 

A covered walkway, f i f t e e n  t o  seventeen fee t  i n  width, would provide an 
adequate pedestrian leve l  o f  service, even a t  peak times. The average grade 
o f  t h i s  walkway would be about ten percent.  However, depending upon the 
d e t a i l s  o f  l ayou t ,  there may be p o r t i o n s  requir ing short reaches o f  steps.  
Handicapped access and parking should be provided a t  the A c t i v i t y  
Center/Hatel . Because o f  heavy winter snow 1 oads, t h e  cover for t h i s  walkway 
may present a major structural requirement. In order t o  maintain a gradient 
of approximately t e n  percent, the walkway would have t o  follow a serpentine 
route  t o  t h e  Act iv i ty  Center/Hotel . 

Figure 10. Typical covered wal kway , 



3 .  Covered Movina Sidewalk 

T h i s  is similar to t h e  covered walkway a1 Sernat i v e  except there  i s  a 
mechanical assist, both  u p h i l l  and downhill, for pedestrians. Most, or a l l  o f  
t h e  distance would be covered w i t h  moving sidewalks. However, depending upon 
l o c a t i o n  o f  t h e  route, there  may be short p o r t i o n s  o f  grades requiring an 
escalator (moving steps)  instead.  The moving sidewalk has the advantage o f  
reducing e f f o r t  required of pedestr ians.  However, the speeds o f  these 
conveyance systems are only about ha l f  o f  typical walking speed. Through the 
use o f  escalators, t h e  vertfcal rise can be achieved us ing  a more d i r e c t  route 
than w i t h  a covered walkway o r  moving sidewalk system. 



4 .  Covered Wal kwav to  Tunnel with  Movina Sidewalk and Elevator 

For this a1 ternative, a pedestrian tunnel would be bored on a nearly level 
grade f r o m  t h e  lower parking l o t  t o  a point under the Act iv i ty  Center/Hotel. 
Moving sidewalks in both directions would be provided through t h i s  
approximately 500 f o o t  tunnel and 150 f o o t  covered walkway. From the end of 
the tunnel, two elevators would provide v e r t i c a l  transportat ion for  the 70 
f o o t  r i s e  to the hatel's interior. 

Figure 12, Typ ica l  tunnel with moving sidewalk and elevator .  



5 .  Funicu lar  Railway 

This method o f  conveyance consists of two trains running in a "j ig-back" 
configuration on a single p a i r  o f  rails, guided by a single cable or haul 
rape. A t  t h e  halfway point, a double track i s  provided to allow the trains to  
pass. The trains are typically divided i n t o  several cars, and can accommodate 
wheel chairs and either seated or standing passengers. Capacity is a function 
o f  the number and size of  cars fn each train and the speed o f  the haul rope. 
Since the funicular runs on an incl ined plane, the floors are designed to 
maintain a horizontal position. The funicular can be run on an at grade, 
elevated or underground rail system. With either type o f  system, a s t r a i g h t  
r o u t e  i s  preferred, but moderate curvatures can be accommodated if necessary. 
However, abrupt  or extreme changes in gradient must be avoided. For t h i s  
reason, an e l  evated fun icul ar does not typical 1 y fol 1 ow the natural contours 
o f  the s i te .  In f a c t ,  a convex curvature o f  the track is required to keep the 
haul rape i n  t h e  proper posit ion.  Use of an elevated track would necessitate 
making an a1 1 owance f o r  maximum snow pack and clearance. Accordingly, the  
t rack  would be elevated twenty to twenty-five f e e t  above the ground. A s  in 
any el  evated structure, the supports must be designed to accemodate snow 
creep. A funicular system could be designed to accommodate future increases 
in capacity.  



Figure 13. Typical elevated funicular system. 



Figure 14. Typical funicular system i n  tunnel. 
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6. Aerial Gondola 

A gondola typically consists o f  a s e r i e s  o f  enclosed cabins, each holding from 
2 to 12 passengers. Recent innovations in gondola technology have a1 1 owed for 
larger cabin designs which can accomnodate wheelchair access. Gondola cabins 
are suspended from an overhead cab1 e and can be designed as a " j ig-back" or i n  
a continuous loop arrangement. Different types o f  gondolas can be developed 
to meet unique operating needs, as this i s  one o f  t h e  most versatile o f  all 
aerial transportat ion systems. Unl ike a e r i a l  trams, gondolas are not able to  
span great distances between towers. However, the need t o  span great 
distances i s  not an issue w i t h  t h e  application of any a e r i a l  lift a t  Crater 
Lake. Gondolas are easily adaptable to terrain undulations based upon t h e  
placement of towers. Terminals and towers are signi f icant ly  smal le r  than 
those required for a tram system, However, t o  a1 low for f i f t e e n  f o o t  snow 
depths and cabin clearance, tower he ights  would be approximately forty to 
f i f t y  f e e t .  Snow creep i s  also an important design consideration f o r  
p l  acement o f  gondol a towers. Gondol as, 1 i ke trams, must be designed a1 ong a 
straight alignment and trees will have to be cleared along the gondola route. 
The greatest advantage o f  a gondola i s  that the number o f  cabins can be var ied 
to provide operating flexibility as capacity demands change. In addition, due 
to  the smaller size o f  gondola terminals, this type of system is more 
adaptabl e f o r  integration with small er scale architecture. Gondol as have been 
installed at many o f  the World's Fairs, at amusement parks, and t o u r i s t  
attractions, including Expo '87, Vancouver, B.C,; New Orleans World's F a i r  
1988; Walt Disney World; and Opryland, U.S .A .  



Figure 15. Typical "j ig-back" aerial gondola system. 



These systems can be provided in a variety o f  forms.  However, they generally 
share the characteristics o f  being automated, electrically powered systems, 
operating on a dedicated guideway, either supported from be1 ow or suspended 
f r o m  above. Examples o f  these systems include shuttles that e x i s t  at several 
airports, including Seattle, Tampa and At lanta  and those i n  theme parks, such 
as Disney World. In addi t ion ,  suspended monorai ls  have been used i n  theme 
parks. Cab1 e-drawn people movers w i  1 1  not be considered here, i n  order t o  
maintain a distinction between them and funiculars. For this reason, t h i s  
analysis will on1 y address peopl e movers or monorail s with on-board el ectrical 
propul s ion. 

Figure 16. Typical peopl e mover/monorai 1 system. 

A 1  1 



Figure 17. Suspended people mover/monora il  system. 

A 1  2 



8. Aerial Tramway 

This type o f  aerial conveyance consists o f  t w o  1 arge cars suspended from 
overhead cables and moving a1 ternately in opposite directions. In such a 
"jig-back" system, one car moves uphill while the o ther  car moves down. The 
capac i ty  o f  each car range from 35 to 200 passengers. Large terminal s and 
towers are required to support the cars, although towers can be placed 
relatively f a r  apart. Trams are typically utilized to span long distances 
with potential lengths in excess o f  two miles. Trams are most of ten  utilized 
i n  situations where extremely steep and undulating terrain i s  encountered. 
The shortest N o r t h  American tranrway of which we are aware is 1 ocated at Royal 
Gorge, Colorado, spanning a vertical rise o f  119 feet  over a slope 1 ength o f  
2,200 feet .  The route must  be in a straight l i n e ,  with towers and terminals 
b u i l t  high enough o f f  t h e  ground to accomnodate the large cars. Clearing o f  
forest cover will probably be necessary along the tram alignment. The towers 
would have t o  be designed to withstand snow creep as a result o f  the 
considerable snow deposit ion at the site. Future expansjon o f  capacity i s  not 
possible with t h i s  system. Due to t h e  large sire and extremely high c a p i t a l  
costs o f  tramway systems, t h i s  alternative has been eliminated from further 
consideration. This system i s  also considered to have significant negative 
environmental and v i s u a l  impacts t o  t h e  s i te .  In addition, the same type o f  
service is provided by a gondola at a significantly lower capital cost. In 
summary, installation of an aerial tram at Crater Lake i s  n o t  appropriate. 



Figure 18. Typical aerial tramway system. 



B. Detailed System Descriptions 

F o r  each o f  the alternative systems, t h i s  section summarizes the key 
characteristics of the appl ication. The costs shown are for the hardware, 
guideways, and d i r e c t  operating and maintenance on1 y. Bu i 1 ding costs for  
terminals and other fixed facilities (bus stops) are not included, as they 
vary widely depending upon architectural treatment. The cost figures are 
planning level estimates based on schematic 1 ayouts and typical unit costs 
The values are i n  1989 dol lars ,  w i t h  no provision f o r  inflation. 

can 

The "base case" parking scenario assumed parking at the R i m  sufficient to meet 
winter demands. However, f o r  each opt ion ,  t h e  added cost  of providing winter 
operating and maintenance functions are a1 so pror  ided . 

1. Shuttle Bus 

flours o f  O~eratjon: The hours o f  operation by season are summarized in  Table 4 
below. The d a i l y  service hours match those previously outlined i n  Table I. 

TABLE 4. PROPOSED SEASONAL SHUTTLE BUS OPERATING SCHEDULE AND FLEET SIZE 

Number of Buses Required t o  Meet Demand 
and Total Numbers of Hours/Day/Bus Total 
-LA!& zAs !S  2 5 3 ~ 5 ~ s  Bus Hours 

Summer: 
Peak (17 days) 4 firs 3 hrs 5 hrs 646 
O f f  Peak (45 days) 4 hrs 3 hrs 5 hrs 1 , 1 2 5  

Winter: 
Peak (52  days) 
O f f  Peak (130 days) 

Shoul der : 
Peak (34 days) 5 hrs 5 hrs 
O f f  Peak (88 days) 10 h r s  

TOTAL 3,161 

Freauencv o f  Service: During t imes of operation, t h e  frequency i s  never 1 ess 
than t h e  p o l i c y  requirement of  service every 7 .5  minutes.  During summer 
peaks, this frequency increases to as of ten  as a bus every 1 .5  minutes.  



Tr ip  Time: Except under adverse weather conditions, the trip time would be 
about two minutes from the parking lot to the new Act iv i ty  Center/Hotel . 
Adding one-ha1 f o f  t h e  pol i cy  headway ( t i m e  between buses) of 7.5 minutes, 
makes t h e  perceived t r i p  t ime about f i v e  t o  s i x  minutes. 

C a ~ a c i t y :  The fleet i s  sired to provide sufficient capacity for all seasons. 
A s  w i t h  any of the systems, there could be occasional, short-term peaks 
exceeding capacity. 

Ca~ital C o s t :  The cost estimates assume that  t h e  buses are ei ther  leased or 
provided by a pr ivate  operator. Under these condit ions, capital costs f o r  the 
buses are included i n  t h e  hourly or monthly charges. This does not include 
p r o v i s i o n  for a maintenance, for any storage facilities, or for the passenger 
terminal needed at t h e  lower parking lot (approximately 900 square feet). 

Ooeratina and Maintenance Costs: The preliminary estimate o f  annual operating 
and maintenance cost i s  $160,000. If winter operations were provided, t h i s  
f i g u r e  would increase to $250,000. 

Jm~lementation Co~siderationsr The shut t le  system i s  most f l e x i b l e  o f  all t h e  
options, and the e a s i e s t  to implement. 

hviro-  Im~acts: Unpleasant noises and odors may be associated with a 
shuttle bus system. 



2 .  Covered Wal kwav 

Hours of Ooerat ion: A covered walkway could be a v a i l  able at a1 1 hours, but 
would probably be closed a t  the end of the service day for maintenance and 
reasons o f  security. 

f r e a u c r  of Service: Service i s  cont inueus when the covered walkway i s  open. 

T r i ~  Tim?: The walk would require between s i x  and seven minutes. Because of 
the u p h i l l  grade and the altitude, only hal f  the normal walking speed was used 
in this estimate. 

b m :  The width was sized to provide s u f f i c i e n t  capacity f o r  all seasons. 
As w i t h  any o f  t h e  systems, there could be occasional, short-term peaks 
exceed i ng capac i ty . 
C a ~ i t a l  Cast: Structural requirements to meet the heavy winter snow loads are 
a major component o f  the  costs  for this alternative. The planning level cost 
estimate for 750 lineal f e e t  o f  covered sidewalk is $1.8 million. This 
assumes less expensive construction than that for the covered walk at Park 
Headquarters that cost about $250 per square foot. A figure o f  $150 per 
square foot was used i n  arriving at this estimate. Without  a structural 
cover, t h e  capital cost for a walkway would be reduced to about $250,000. 

O~eratins and Maintenance C o s t s :  The estimated annual operating and 
maintenance cost i s  $20,000. I f  all winter parking were to be provided at t h e  
R i m ,  t h i s  f igure  waul d be reduced. 

lmolementation Considerations: T h i s  presents no technical problems except f o r  
the  d e s i g n  of t h e  cover structure to withstand snow loading conditions. 

Environmental Imnacts: The visual Impact o f  a 1 ineal shed- 1 i ke structure could 
be significant. 



3.  Covered Movins Sidewalk 

H p U r s n :  As a continuously moving system, a moving sidewalk could 
be a v a i l a b l e  at a1 1 hours, b u t  would probably be closed at t h e  end o f  the 
serv ice  day f o r  maintenance and for reasons o f  security. 

m e n c v  o f  Service: Service i s  continuous when the moving sidewalk i s  open. 

Tr_iP_Time?: The trip would require between s i x  and seven minutes. This i s  
based upon a t yp ica l  moving sidewalk speed o f  about two feet  per second, h a l f  
t ha t  of normal walking . 
Ca~acStv: Capacity would be sufficient t o  serve all anticipated design 
demands. As with any o f  the systems, there could be occasional, short-term 
peaks exceeding capacity. 

Ca~ital Cost: The estimated cost for a covered moving sidewalk is $3.1 
mil 1 ion. Approximately seventy percent of the cost i s  for the cover 
structure. 

eratins and Maintenance Costs: The estimated annual operating and 
maintenance cost would be 570,000. If service were to be provided through the 
winter, t h i s  f i g u r e  would increase to 5125,000. 

Jm~lementation Considerations: There would be no major technical barr iers  t o  
imp1 ementat ion, except f o r  design o f  the structural cover. 

Environmental Im~acts :  As with t h e  covered walkway, t h e  v isua l  impact of a 
1 ineal shed-1 i ke structure could be sign i f  icant . 
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5. Funicular Railway 

Hours of O~eration: The funicular system can be designed to be fully 
automated. Therefore, the hours o f  opesat ion can be extended beyond those 
out1 ined in Table 1, as deemed appropriate by park management. 

Freauencv of Service: During peak conditions, the funicular has the capacity 
to maintain a two minute departure schedule. 

T r i ~  Time: The actual trip time, including laading/unloading and travel time, 
will be two minutes. A t  1,000 feet  per minute, the time to travel the 
distance o f  750 feet ,  including acceleration and deceleration, will be 
approximately one minute. 

Ca~acitv: The system i s  designed to accommodate peak conditions during the 
summer months, requir ing a capacity o f  approximately 1,000 people per hour, in 
e i t h e r  direction. This will be accomplished through the use o f  two thirty- 
passenger cabins, operating at a speed of 1,000 f e e t  per minute. As one cabin 
leaves the l ower terminal, the other cabin will leave  the upper terminal 
(double revers ib le  technology), with a by-pass section at mid-point for 
passing of the two cabins. As w i t h  any o f  the systems, there could be 
occasional , short-term peaks exceeding capacity. 

C a ~ i t a l  Cost: The capital cost f o r  the elevated system, including hardware, 
above-ground guideway, and all installation costs i s  $2.5 million, The 
construct ion of the f uni cul ar in an underground tunnel woul d add an estimated 
$1.6 million, for a total cost o f  $4.1 million. 

Oaerat  in^ and Maintenance Costs : The prel imi nary estimate o f  annual operating 
and maintenance costs for the elevated and underground systems is $70,000. I f  
t h e  system i s  operated during the winter months, the annual costs are 
estimated to increase to $100,000. 

Jmol ementat ion  Cons fderat ions : There would be no major technical problems 
associated wi th  implementation o f  a funicular system. Funiculars have been in 
continuous operation i n  many alpine settings throughout Europe since the turn 
o f  the century. The systems have been found to be extremely re1 iabl  e. No 
known systems are currently operating i n  North America. However, a number of 
lift manufacturers w i t h  o f f i ces  in the United States have the expertise to 
design and install funiculars.  The system can operate in all weather conditions. 

l p v :  After site restoration is completed, a tunnel system 
would have negl ig i bl e enr i ronmental impact. The el evated system waul d be 
v isua l ly  prominent due to the trestle sty1 e o f  guideway needed to support the 
track and cabins. However, this system would have considerable user appeal 
due to i t s  uniqueness, 



6. Aerial Gondola 

Hours of Oneration: The gondola system would be operated based upon the 
schedul e out 1 i ned in Tab1 e 1. 

Freauencr of Service: During peak conditions, the gondola has the a b i l  i t y  to 
maintain a two minute departure schedule. 

T r i ~  Time: The total trip time, comprised of 1 oading/unl oad ing and travel 
between terminals, will be two minutes. At 1,000 feet per minute, the t ime to 
travel t h e  distance o f  750 f e e t ,  including acceleration and deceleration, will 
be approximately one minute, 

Capacity: The system is designed to handle peak conditions during the summer 
months, requiring a capacity o f  approximately 1,000 people per hour i n  either 
direction. Accordingly, the proposed gondola has similar operating 
characteristics as t h e  funicular. The gondola would be designed as a " j i g -  
back" system, using three  ten-passenger cab ins grouped together at each 
terminal. As one cluster o f  gondola cabins l eaves  the lower terminal, the 
other group of cabins will l eave  the upper terminal. This system will operate 
at 1,000 f e e t  per minute. A s  with any of the systems, there could be 
occasional , short -term peaks exceeding capaci ty  . 
-: The c a p i t a l  cost for the "jig-back" gondola system i s  estimated 
to be $1.25 million, including all hardware and installation costs .  

O~eratina and Maintenance Costs: The preliminary estimate o f  annual operating 
and maintenance cost far t h e  gondola system i s  $85,000. If  the  system i s  
operated during t h e  winter months, the annual costs are estimated at $125,000. 

5: There would be no major technical barriers t o  
imp1 ementat ion of a gondola system. There are numerous gondolas in operat ion 
throughout North America. During 1988, three new gondolas were instal led out 
of 103 aerial 1 ifts constructed i n  Nor th  America. These systems have a proven 
t rack record of reliability. Additionally, there are several manufacturers i n  
the United States with considerable design, installation and operational 
experience. Existing systems operate in all types of climatic conditions, 
however extreme wind may sometimes cause 1 ift closures or require operat ion at 
reduced 1 ine speed f o r  safety reasons. 

- Q . :  The tower pl acernent for a gondola generally foll ows the  
natural undu la t ions  o f  the terrain, somewhat reducing the visual impact o f  an 
aerial system. Some trees may be removed for tower placement and cabin 
cl earance a1 ang the 1 ift 1 i n e ,  however trees can be cl eared i n  such as way 
( scal 1 oping , etc. > to mitigate visual  impacts. The gondol a i s a very quiet 
operating system. 



Hours o f  Operat ion: The people mover system can be designed to be fully 
automated. Therefore, t h e  hours o f  operation can be extended beyond those 
ou t1  ined in Table 1, as deemed appropriate by park management. 

Freouencv o f  Service: A t  peak times, service could be provided every two 
minutes. 

T r i ~  Time: The mean trip time a t  the peak would be less  than two minutes. At 
off-peak times, the longer wait would increase the t r i p  time to about f i r e  
minutes. 

b ~ a c i t ~ :  With a typical thirty-passenger vehicle, a single vehicle would be 
sufficient to meet projected demands. As with any o f  t h e  systems, there could 
be occasional , short -term peaks exceeding capacity. 

C a ~ i t a l  Cost :  The estimated capital cost would be $5  to  $10 million f o r  an 
elevated system. Put t ing  the system underground would add another $1 to $2 
million. Less expensive, cable drawn systems could be used, however t h a t  
would make this opt ion  similar to the funicular. The reason for  including a 
people morerJmonorai1 a1 ternative i s  to  provide a more sophist icated system 
t h a t  could be expanded in length and capacity. 

g~eratjns and Maintenance Costs:  The estimated annual operating and 
maintenance cost would be about $85,000 per  year. I f  operations were t o  
continue through the winter, these costs would increase to about $150,000. 

Im~lementation Considerations: Because o f  cost, t h i s  alternative should be 
considered only if there i s  reasonable expectation of t h e  need t a  expand the 
length of t h e  system. 

Ljlr ironmental Imoacts: There may be some ob ject ion  to t h e  visual impact o f  an 
el evated system. 



C. Life Cycle Costs for Alternative Systems 

The present (1989) value o f  c a p i t a l  cos t  p lus  25 years o f  operating and 
maintenance c o s t s  are summarized for each system i n  Table 5 below. 

TABLE 5. ESTIMATED L I F E  CYCLE COSTS 

T C L i f e  Cvcle Cost ( i n  mill ions1 

S h u t t l e  Bus $ 1.7 

Covered Wal kway $ 2.0 

Covered Moving S idewal k $ 4.5  

Covered Walkway /Tunnel /Elevator $ 5.9  

Funicular  Railway 
El evated 
Tunnel 

Aer i a1 Gondol a $ 2.2 

Peopl e Mover JMonora i l  
El evat ed 
Tunnel 



D . Eva1 uat ion o f  A1 ternat i ve Transportation Systems 

TABLE 6.  COMPARATIVE MATRIX SHOWING TRANSPORTATION SYSTEM ABILITY 
TO MEET PROJECT REQUIREMENTS, OESl G N  CRITERIA, AND MANAGEMENT GOALS 
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The relative suitability o f  the various transportation systems i s  discussed in 
the fo l lowing sections. 

1. Shuttle Bus 

Use of a shuttl e bus system at Crater Lake is clearly t h e  most f l e x  i b l  e o f  a1 l 
mechanized alternatives considered. The system is easi ly  adjusted in capacity 
and length for expansion purposes, Additionally, a bus system could also be 
incorporated Into a comprehensive tour and interpret ive program f o r  the park. 
The implementation o f  this system also has low capital cost requirements, 
since the bus fleet can be leased. No trees will Rave to be removed to 
accomnodate a bus system, wi th  the exception o f  those removed for the new road 
a1 ignment f r o m  the 1 ower parking area t o  the A c t i v i t y  CenterJHotel . 
Unpleasant odors and noise from buses should be a major f a c t o r  i n  considering 
a bus shuttle system at Crater take. Concurrently, it i s  a widely recognized 
fact t h a t  buses are unappeal ing t a  a large segment of the popul at ion. 

2. Covered Wal kwav 

This al ternat ive  requires t h e  most physical effort from v i s i t o r s  t o  Crater 
Lake. Accordingly, without parking a t  the Crater R i m ,  certain segments o f  t h e  
visitor population [other than handicapped) will f i n d  it very difficult to 
access the site. While operating and maintenance costs  are very low, t h i s  
alternative requires a considerable c a p i t a l  outlay due to the structural needs 
for accommodating the heavy snowload a t  Crater Lake. The covered walkway will 
have a major v i s u a l  presence through the removal of trees and the need to have 
a meandering a1 ignment i n  order to keep walkway gradients at an acceptable limit. 

3 .  Covered Movins Sidewalk 

This system is similar to the covered walkway in many respects. All 
handicapped access wi l l  have to be provided at the crater rim. V i s u a l  impact 
can be somewhat reduced i f  escalators are used in con junction w i t h  moving 
sidewalks. In this situatlon the escalator can cl imb steep slopes, while t h e  
moving sidewalk i s  limited to a 10-15 percent gradient. Using a tunnel at the 
top, i n te r face  with t h e  Activity CenterJHotel would not be visual ly evident .  
However, a1 1 visitors would enter t h e  building at a subterranean level . The 
structure covering t h i s  system remains a significant factor when considering 
capital costs. 



4 ,  over d Wa w 

The use o f  a tunnel;/el evator system would el iminate the visual impacts 
associated with t h e  covered sidewalk options. Additionally, the elevators 
could be designed t o  transport visitors directly to the interpretative center 
i n  the hotel, Counteracting t h i s  positive feature i s  the f ac t  that a tunnel 
and elevator system will present an uninviting image to visitors. In 
addition, the  capital cost o f  thls system would be extremely high due to the 
horizontal and vertical tunnel ing requirements . 

5. Funjcular  Railway 

The uniqueness o f  an el evated funicular instal 1 at ion at Crater Lake would have 
considerable appeal to the public. Conversely, it i s  believed that an 
underground funicular would have mjnimal user appeal in a setting as 
magnificent as Crater Lake. An automated fun icul ar system rroul d be extremely 
convenient, providing a comfortable ride and full accessibility for 
handicapped riders. While a funicular operating in a tunnel costs 
substantial By more than an elevated system, placement above grade may be 
inconsistent with the Crater Lake landscape, depending upon the final design. 

6. Aerial Gondola 

The gondola system shares many of the bene f i t s  o f  a funicular, w i t h  less 
visual impact and mare p o t e n t i a l  for views of t h e  surrounding landscape. 
However, gondol as are not presently automated and are somewhat susceptible to 
extreme wind conditions, depending upon the alignment and microclimatic wind 
patterns. Most important1 y, a gandol a system represents approximately one 
half t h e  capita7 cost f o r  an e levated  funicular. 

7. Peool e Mover/Monora i 1 

An elevated peopl e mover system, 1 ike the funicul ar and the gondol a, would 
have cons iderab l  e user appeal and prov ide  convenient handicapped access. Th i s  
system a1 so has t h e  greatest potential f o r  expandabil ity ( i . e m  1 ength, 
capacity, etc.), following the bus. Hhen considering various user ,  
environmental, and operational characteristics of a people mover system in 
comparison to those of the funicular and gondola, it appears t h e  high capital 
cost  i s  not warranted. 



Based upon the description and anal ys i s of a1 ternat ive transportat ion systems, 
a number o f  primary characteristics should be taken into consideration in t h e  
selection o f  the most appropriate systernIs) for use at Crater Lake. In order 
for a system to be successful, visitors must f i n d  i t an inviting and 
attractive a1 ternat ive to close- in parking. T h i s  becomes especial l y important 
if there i s  a fee associated w l t h  use of the system, In general, an 
underground system o f  any kind 1 acks the necessary appeal and fail s to take 
advantage of the spectacular nature o f  the site. As an example, tunnel 
funicular systems i n  Europe are popular tourist a t t r a c t i o n s ,  because they 
propel riders a long distance to an otherwise unreachable viewpoint i n  a 
dramatic mountain se t t ing .  Conversely, while elevated systems result in 
certain levels o f  visual impact, they also provide opportunity for viewing t h e  
Crater Lake environment and promote a sense of arrival at t h e  R i m  Village. En 
summary, an elevated gondola or funicular system would o f f e r  new tourism 
opportunities at Crater Lake. 

Presently, three parking options are being considered in association with 
pl ans f o r  t h e  Act iv i ty  Center/Hotel . These a1 ternat i v e  parking schemes vary 
in the amount o f  parking they provide at the Crater rim and in a lower parking 
l o t .  While it i s  important to provide parking f a r  hotel guest and handicapped 
visitors at t h e  Activity Center/Hotel, all other parking should be limited to 
t h e  lower lot. If any parking f o r  t h e  general public is provided at the 
Crater r i m ,  many visitors will not park in the lower lot until they are 
certain parkjng at the rim i s  full. Accordingly, t h i s  typical pattern o f  use 
by v i s i t o r s  will generate increased t r a f f i c  on t h e  new access road and in the 
R i m  Village, This unnecessary traffic will also contribute to a reduction in 
air qua1 i t y  in the park.  When considering "winter only" parking for t h e  
general public at the Crater R i m ,  i t must be understood t ha t  at some point in 
t h e  future, demand will exceed parking capacity .  At that time, winter use o f  
the lower lot and transportation system will be necessary. In addition, the 
same problems associated w i t h  providing 1 im i ted  rim parking in t h e  summertime 
will a1 so become apparent during t h e  winter season. 

Based upon the preceding system descriptions and evaluation, it i s  our 
recommendation t h a t  t h e  f o l l o w i n g  systems be retained for more detailed study 
in the Stage 2 report: bus, covered walkway, elevated funicular, and aerial 
gondol a. 



APPENDIX B 

RESPONSE TO NPS REVIEW CQmEKTS 



NPS REVIEW COMMENTS - TECHNICAL MEMORANDUM, TRANSPORTATION 
CRATER LAKE NATIONAL PARK - PACKAGE 220 

1, p.  16.  Covered wa7 kway should provide for handicapped access (Max. 
grade 8.33%). Construct ion of a covered wa7 &way w i  1 7 el iminate the cost 
o f  a t ra i l  from the  lower parking area t o  the Act iv i ty  CenterJHote7. 
With the other systems, a trai7 would be constructed for v i s i t o r s  t h a t  
7 ike  to h ike  up. This should be ref lected i n  the 7 i f e  cyc7e cost .  

C o s t  o f  the  pedestrian path  was not  included i n  1 i fe-cycle costs in t h e  
preliminary report, but will be in the 100% report. 

2 .  p.  29. Is the  cost o f  the buses inc7uded i n  the  operating and 
maintenance cost? What is  the cost t o  lease the buses? 

The cost  o f  the buses is i n c l  vded i n  the leasing cost .  That 1 easing 
cast incl udes maintenance, operations, operat ing personnel , and 
amortization o f  the capital cost .  The amortization component of the 
lease price was based upon the use o f  thirty f o o t  t r a n s i t  coaches 
costing about $150,000 each. With a twelve year life, amortizing the 
capital cost at twe lve  percent results i n  an annual capital cost  o f  
about $24,000. In t h e  100% report, t h e  capital cost will be listed as a 
separate item and will not be included i n  the lease price. 

3. p.  36. What i s  the interest rate used f o r  the Ji fe  cycle cost analysis? 
Is the replacement cost inc7uded i n  the 7 i f e  cycle cost? 

The discount rate  used i n  t h e  life-cycle cost  analysis was eight  
percent. I n  the 100% report, t h i s  will be changed to seven percent to 
reflect MPS guidelines. 

4.  How did the f igure  o f  24% (2% year) project increase i n  v i s i t a t  i o n  come 
about? (bottom of p.  10 )  Is analysis  i n  referenced material? 
Simi7ar7y, what i s  t h e  basis o f  the percentage o f  reduct ion i n  use i f  a 
fare i s  instituted? ( p p .  11-14)  

As was dtscussed on page 10, t h e  projected growth was based solely on an 
assumption t h a t  t h e  Park would r e g a i n  t h e  v i s i t a t i o n  levels it had lost 
over the last decade and g a i n  visitation f r o m  the new hotel w i t h  year- 
round occupancy. That assumption resulted i n  an estimated 24 percent 
growth from 1988 levels for summer and 42 percent growth for winter. 
The r idership reduction on t h e  b a s i s  o f  a fare was a very rough es t imate  
to illustrate t h e  direction o f  e f f e c t  in the summer-winter differences. 
It was not based on any specif ic estimates o f  what the f a r e  would be or 
o f  t h e  f a r e  e l a s t i c i t y  for Park Visitors. I n  t h e  lo0% report, the 



a1 ternative o f  a f a r e  will be dropped because we have concluded that a 
specific fare would discourage use o f  t h e  system and would not work to 
meet the project  o b j e c t i v e s .  I t  would a l s o  be an undue burden on large 
fami l ies .  In addition, the costs  o f  fare collection are relatively 
h igh .  I f  the Park Service chooses t o  pay for some or all of the system 
c o s t s  through user revenues, it would be more efficient to add an 
appropriate amount to t h e  Park entrance fee. 

5. I t h i n k ~ t r c n g c o n s i d e r a t i o n o f  aJternat ivefoe7s todieseJ  shouldbe  
given for any bus or engine-driven system. Naintenance requirements ( p .  
15 )  most be considered as par t  of t h i s  study. A7s0,  where would buses 
be parked when not i n  use? 

The 100% report will discuss fuel alternatives to diesel f o r  the bus 
systems. The newer cost estimates will consider both maintenance with in  
t h e  Park and maintenance o u t s i d e  o f  Park boundaries. It is proposed 
t h a t  buses will be parked i n  t h e  v i c i n i t y  o f  Mazama Campground. For 
those opt ions  requiring winter operations o f  t h e  bus f l e e t ,  covered 
storage will be necessary. 

6 .  Thecost  est imate(pp.28-36)wi71 b e ~ f o r s e l e c t i o n o f  the 
preferred a7 ternat ive; therefore, every attempt shou7d be made t o  put 
a17 alternatives on an equa7 basis. The costs f o r  te rminaJs ,  bus s tops ,  
etc .  shou7d therefore be inc7uded (p.  28) w i t h  assumptions made as t o  
architectura7 treatment. A7s0, the  impact of buses v s .  no buses on the 
road t o  the rim should be factored i n .  

The life-cycle costs for  the 100% report will include t h e  capital and 
operating costs o f  all f a c i l  ities i n  each a1 t e r n a t i v e  ( the 
transportation system, terminals, maintenance f a c i l i t i e s ,  road, other 
necessary structures, and staffing for terminal b u i l d i n g s ) .  

7 .  Compasat ive matrix i s  an excel 7 ent t o o l .  Perhaps a numerical rat ing 
( 1 - 5 )  cou7d be used f o r  each o f  t h e  cr i ter ia ,  such t h a t  a tota7 could be 
summed for each alternate. Weighing factors might a l s o  be used. 

The matrix is a representation o f  subjec t ive  information which is not 
we1 1 -suited to the appl i c a t  ion o f  numeric val ues. 

8. Summaryonp.  40must j n d i c a t e e  'nq as one end o f  
the spectrum being considered. 

This recommendation i s  reflected in the alternatives under consideration 
dur ing  t h e  l ow phase of study. 



9 .  p .  36. L C C - H a s t h e c o s t  o f  c o l d w e a t h e r o p e r a t i o n s a n d s n o w p 7 o w i n g  
been factor& i n t o  these costs? Specif ica7 7y, snow p7owing. For the  
next phase, the funicu7ar should be eva7uated for the poss ib i l i t y  o f  
eliminating p7owing t o  the new Act iv i ty  Center/HoteJ completely. 
Informat fan  on labor  and equipment casts for snow p7 owing has been 
encjosed w i t h  these comments. 

Snow plowing was not included i n  t h e  costs in the pre7 Sminary report, 
but will be i n  the low report. 

10. I t  would be informative to include some discuss ion  on the  re7ative 
consumption o f  nun-renewable energy fuels for each o p t i o n .  I . E .  the  
buses w i 7 7  consume o i l ,  as w i 7 7  snowplows, whereas hydro generated 
electric power w i 1 7  use 7ess petroleum f u e l s .  

T h i s  consideration will be included i n  the m a t r i x  comparing alternatives 
i n  t h e  100% phase report. 

11. The assumption here i s  v i s i t a t i o n w i 7 7  jncrease, Again o n p .  10, the 
increase i s  projected t o  be 24% by 1999. 1 quest ion  the  rationale for 
t h i s  - it depends on why i t s  been falling off. Crowding cou7d be a 
major  factor ,  but there could be others. 

The rationale for the  24 percent growth was one of assuming t h a t  the  
park would recapture annual visitors t h a t  i t  had lost over the past 
decade. N e i t h e r  the causes o f  t h e  past loss o f  v i s i t a t i o n ,  the steps 
necessary t o  regain it, nor the desirability of regaining v i s i t a t i o n  
levels were p a r t  of  the scope o f  work. The growth assumption was j u s t  
t h a t ,  an assumption, 

12. The operating cost effectiveness o f  these systems i s  cri t ical  . What 
comes t o  mind are the  Colorado ski areas which close i n  Apri7 when the 
snow conditions are the  best o f  the year. The rationale i s  that  j t  i s  
not cost effect ive t o  operate the systems when v i s i t a t i o n  drops to a 
certain 7eve7. What i s  the balance poin t?  

The a l te rna t i ves  discussed i n  the 100% phase will illustrate t h e  effect 
o f  var ious  seasonal operating assumptions, 



13. Agreewith thecommentsagainst  diese7 operations. At  that a 7 t i t u d e a n d  
grade i t  wau7d be disma7. I'd suggest the A/E 1 ook a t  the types  o f  
coaches used at  Nuir Woods. They' re bui7 t on a Ford chassis and can 
carry 25 people.  They're used because o f  the t i g h t  radius and steep 
grades and are high7y recommended by both operators and passengers. 

We have not been ab le  t a  obtain any information on these coaches. 

14. Do not suggest t h a t  the route terminate a t  the  porte cochere o f  the 
Iodge!! T h i s  i s  not the primary objective o f  the visitor nor shou7d i t  
be. During the winter months there may be some va7 idf ty  but not durjng 
the summer. 

Our understanding i s  t h a t  the function o f  a porte cochere is to serve as 
the entry point for the building. Additionally, we expect t ha t  visitors 
will be oriented at the Act iv i ty  Center/Hotel before proceeding to t h e  
rim or other destinations. Therefore, t h e  porte cochere seems a logical 
terminus for t h e  shuttle from t h e  parking l o t .  

1 5 .  Pp. 36-37. The gondola looks better than I'd ever expected i t  wouJd. 

Acknowl edged. 

16. Must inc7ude parking p7ans and terminal plans w i t h  next submitta7. 
Report i s  to look at overs7 7 transportat i o n ,  including roads and 
parking. Since termina7 designs and parking p1 ans hare only recently 
been submitted, additiona7 comments are l i k e l y  on these aspects. 
Completion and submittal  o f  f ina7 transportation report may have t o  be 
delayed until  these items can be reviewed. 

The final report submitted by FFA wil l  include a l l  these elements. 

17. L i f e  cycle cost analysis shou7d use interest rates required by LCC 
standards. L i f e  cyc7 e costs shou7d be broken down i n t o  fue l ,  power, 
operat ing personne7, maintenance, rep1 acement equjpment , and other cost 
categories as appropriate for the next stage o f  study. A copy o f  
discount factors to be used wi th  various types o f  f u e l s  and informat ion 
on eJectrica7 costs are included w i t h  these comments. 

Procedures for generating life-cycle costs are described i n  t h e  100% 
r e p o r t .  



18. Have standby power costs been inc7uded f o r  fvnicu7 ar and gondola? 
Jermina7 buildings w i 7 7  have t o  be sized for  generator. What KW 
generator w i 7 7  be required wl ' th  each? 

Standby power i s  included i n  costs  for the funicular and gondola i n  t h e  
100% phase report. 

19. Basica77y, th is  study i s  thorough but difficult t o f u 7 7 y e v a 7 u a t e  
wi thout  knowing the various parking opt ions .  

This w i l l  be addressed i n  more detai l  i n  the 100% report. 

20. He are somewhat skeptical o f  the "General Re7 iabf  7 ity/#aintn i n  T a b l e  6 
on page 37. Surely mechanica7 conveyances are more comp7ex and 
difficult to maintain than indicated. 

The systems all requtre similar levels o f  routine maintenance. I f  well- 
maintained, a1 1 t h e  systems are considered t o  be highly re1 i a b l  e.  

21. p.  2 - 7ast paragraph. Discussion o f  grades i s  somewhat confusing - 
should be c7 a r i f  ied. 

T h i s  has been corrected. 

22. p .  4 - Figure 2 .  Horizontal andvert ica7 sca7ewould he7p themeaning 
o f  th is  figure. 

A scale has been added. 

23. p.  8 - Figure 5. Vertical legend i n  error? 

The vertical bars were at the correct relative height, b u t  the vertical 
legend was i n  error. A corrected vers ion  i s  shown i n  the 100% report. 

24, p.  I1 - Table 1 .  Why show three seasons when there are on7y two hours 
o f  operat ion  scenarios ? 

These illustrate the hours o f  operations t h a t  would be required i f  t h e  
parking scenario i s  one requiring operat ion i n  all seasons. The f i v e  
new a1 ternatives addressed in the 100% phase o f  study incl~ude several 
a1 ternat i v e  seasonal operat ions.  



25. p .  37 - Table 6. Light grey does not show up we77 in the f igure.  
Should be d a r k e n d .  

The copy qua1 i t y  i n  the 100% report w i l l  be bet ter .  

26. p. 40. Recornendations - Report shou7d note t h a t  funicu7ar or gondola 
w i 7 J  have t o  be approved by the director (Reference NPS policjes). 

I f  t h e  funicular or gondola are selected as the preferred alternative, 
t h i s  issue will be addressed. 

27. p .  I - paragraph 3. No specific parking accomu7at ion data i s  a v a i l  ab7e. 
However, the ent i re  parking area at the rim f i77s on a peak v i s i t o r  day. 
We concur w i t h  the recommedation o f  co77ect ing  parking use data t h i s  
summer. 

Acknowledged. 

28. p.  6. Imp7ementatfon Considerations - Timing of  construction i s  an 
important implementation issue. I n  genera?, t h e  system w i 7  7 probably 
have t o  be operational when the lower parking area i s  opened. 

We agree t ha t  t h i s  timing i s  appropriate. 

29. p.  8 - Figure 5. Sca7e o f  Y a x i s  i s  incorrect. 

This has been corrected. 

30. p .  9 ,  Hour7y Patterns - Is t h i s  number of people at rim during t h a t  
period, number arriving at  that hour, or something e7se? 

Figures 6 and 7 show t h e  arrivals by hour. 

31 .  p ,  10. The comparison o f  Crater Cake v s .  system-wide v i s i t a t i o n  f r  
interesting but perhaps confusing. There has probably been an increase 
i n  the number o f  park service f a c i l i t i e s  since 1978. The change in 
v i s i t s  per faci7ity may not be qui te  as dramatic. 

Acknowledged. 



32. p. 10. I t  seems unusual t h a t  both summer and winter v i s i t a t i o n  would 
increase by the same amount. I t  seems tha t  winter v i s i t a t i o n  w i 7 7  
increase more since the increase in winter f a d 7  i t  i e s  i s  more dramatic. 

Acknowledged. T h i s  adjustment w i l l  be reflected in the 100% report. 

33. p.  11 - paragraph 2 .  F i rs t  sentence doesn't read correct7y. 

This has been corrected. 

34. p .  I I  - 7ast sentence. Betieve "won' t"  should be changed t o  $'wiFl" i n  
order t o  read properly. 

This has been corrected. 

3 5 .  pp. 12-14. Capac i ty  and Summary of  Parking Demands: This sect i o n  does 
not  address the need t o  define parking area requirements for the three 
parking options. Hhere does the 450 car number come from? Does t h i s  
amount o f  parking adequately serve ant ic ipated parking needs? How much 
parking i s  needed a t  the rim t o  provide fo r  winter park ing? Reference 
Art ic le  B.13.a o f  the modification. 

The f i v e  a1 ternat ives considered in t h e  100% phase o f  study address the 
variaus arrangements o f  parking. The 450 plus 54 spaces was based on an 
estimated current capacity o f  500, and observat ions o f  those f am i  1 i ar 
wi th  the Park t h a t  all spaces were occupied at peak times. No other 
data on parking accumulation were available. However, TDA i s  presently 
seeking a u t h o r i z a t i o n  to conduct a field count i n  August o f  1989 i n  
order to obta in  accurate information. 

36. dna7ysis o f  Systems: No estimate has been made o f  personme7 
requirements. This i s  an import ant f ac to r  i n  consider ing a7 terna t ives.  

This consideration will be included i n  the comparison o f  a1 ternat ives i n  
t h e  100% phase report. 

37. Covered Wa7kway: Does not really address t h e  issue o f  p r o v i d i n g  a means 
other  than  pedestrian to transport peop7e. 

Acknowledged. 



38. Covered Moving Sidewa? k :  Would th is  system be handicap accessibf e? 

This  would depend on t h e  f i n a l  design, but it i s unl i k e l  y that it would 
be. I t  might be necessary to prov ide  an a l te rna t i ve  shuttle for t h e  
hand icapped . 

39. Covered Walkway w i t h  Moving Sidewalk: Would this system be handicap 
accessible? 

T h i s  would depend on the f i n a l  design, but i t i s  unl ikely t h a t  it would 
be. I t  night be necessary to provide an alternative shuttle for t h e  
handicapped . 

40. p .  28 - Line 5 .  Change "very" t o  "vary" 

T h i s  has been corrected. 

41. Building costs shou7d be fnc7uded i n  the f i n a l  7ift-cycle cost ana7ysjs. 
BuiJdings w i 7  7 have been designed to a prel iminary 7eve7 and shou7d be 
included i n  the ana lys is .  

All costs w i l l  be included i n  t h e  100% report. 

42. S h u t t l e  Bus: Bus operatingschedu7e i s d i f f i c u 7 t  to fol7ow. Howmany 
buses are needed tot  a1 ? W i  7 7 spare buses be required? 

A t  the peak, f i v e  operatfng buses will be required. In addition, one 
spare bus will be needed. 

43. Shutt7e Bus - t r i p  time: Comment in regard to perceived t r ip  time should 
app7y t o  other  systems such as gondo7a and funjcular  but on7y seems t o  
be mentioned here. 

T h i s  has been included for a1 1 a1 te rna t  ive i n  t h e  IOM report. 

44. ShuttJeBus - capital cost: Jgncringmaintenance, storage f ac i l i t i e s ,  
and passenger f aci 1 i t  ies makes an incomplete analysis. These items 
shou7d be inc7uded i n  the detai7ed analysis. 

A77  costs w i 7 7  be included i n  the 100% report.  



45. Covered Walkway: 750 feet  o f  walkway cJ imbing 75 feet i s  10 percent 
grade. I t  i s  probab7y unreasonable t o  p1 an such a wa7 kway without 
intermediate 7 andings. Has t h i s  been inc7 uded? 10 percent grade does 
not meet handicap accessibi7 i t y  standards. This shou7d be noted in the 
report. Walkway would either have to be lengthened s i g n i f i c a n t l y  or 
handicap parking provided above. 

Landings would be required i n  any wal kway design and have been 
considered. The walkway could be designed to be accessible, b u t  this 
would resul t in a 1 ong and circuitous route. The covered wal kway opt ion 
has been eliminated from further considerat ion.  

46. Cowered Walkway - costs: The walkway a t  Headquarters cost on the order 
o f  $300 per square foot on a much more accessible s i t e .  There should be 
some economies o f  scale w i t h  much more walkway t o  construct, but $150 
per square f o o t  i s  probab7y 70w. What wi7 l v e n t i l a t i o n  requirements be 
when the walkway i s  buried under fifteen feet  o f  snow? How often w i l l  
emergency e x f t s  be required? Seems as though wa7kway would almost need 
intermediate structures incorporating a landing,  venti7ation, and 
emergency e x i t .  Does not sound 7 ike a great park experience . 
Acknowl edged. The covered walkway ap t  i o n  has been el iminated f r o m  
further consideration, 

47. Covered Moving SidewaJ k: May so7ve grade problems o f  op t  ion w i t  hovt 
moving sidewalk. Wou7d i t  be handicap accessible? 

While a covered moving sidewalk could be made accessible, t h e  escalators 
required i n  t h i s  o p t  ion would not be accessible, It might be necessary 
to provide an alternative shuttle f o r  the handicapped. The moving 
sidewal k opt i o n  has been el iminated f r o m  further considerat i o n .  

48. Covered Ha7 kway and Tunne7, w i t h  Moving Sidewa7 k and Elevator: T h i s  
solves grade and snow prob7ems, but adds a tremendous expense o f  
i n d e f i n i t e  magnitude i n  tunne7ing. Recommend against any o f  these 
"covered walkway" o p t  f ons. 

Acknowledged. A1 1 covered walkway o p t  ions have been e l  iminated from 
further consideration. 



49. Funicular Rai7way: The aeria7 funicular wou7d appear t o  have a number o f  
advantages including quiet, f a s t ,  and a77owing riders to view the park 
resource whi7e r id ing.  It has its disadvantages also, inc7uding 
v i s i b i 7  ity, expense, and lack o f  future f7exibi7 i t y .  While i t  may not 
end up preferred, i t  is probab7y worth g i v i n g  more de ta i l ed  a n a l y s i s .  

Acknowledged. The funicular option will be further analyzed jn t h e  100% 
phase o f  study. 

50. Aerial Gondola: Simi lar  t o  t h e f u n i c u 7 a r ,  this  system has enough 
advantages t o  warrant further ana7ysis. 

Acknowledged. The gondola option will be further analyzed Sn the 100% 
phase of study. 

51.  People Mover/Monorail: Recommend against further considerat i o n  o f  t h j s  
option due to h i g h  expense. 

Acknowledged. The peopl e mover op t  ion has been el iminated from further 
consideration. 

52. Eva7uat ion Matrix: As may become obvious from more specif ic comments 
below, we fee7 the matrix tends to over7y pena7 ire the bus system i n  
severa 7 areas. 

See discussion o f  comments 53-60. 

53. User Appeal: Covered walkway nau7d have some user appeal, particu7a1-7y 
i f  used on7y i n  summer since i t  cou7d be open to the surrounding 
scenery. 

Acknowledged, A1 1 opt  ions will include a walkway f o r  summer use. 

54. Visual  Impact: Do not agree t h a t  bus wi7 7 have more visual impact than 
gondol a .  

Acknowledged. Th is  i s  a matter of perspective in a subject ive  analysis. 

55. Odor: Odor problem w f t h  buses can be addressed w i t h  a7ternative f u e l s .  
Should be more i n  the middle range. 

Acknowledged. A1 ternat i r e  fuel s will be discussed i n  the 100% report. 



56. Conf7ict: Tunnel should be same abilfty as tunnel funicular .  Bus should 
move up one notch i n  ability. 

Acknowl edged. 

57. Winter Operating Capabi7fty: Do not agree that bus system should be 
rated down qui te  as low as it i s .  Buses are operating regu7ar7y i n  a 
number o f  w j nt er env i ronment s . 
Acknowledged. In most scenarios, plowing far emergency vehicles will  be 
required anyway. 

58. Extreme Storm Weather Operat jon: For t h i s  short run, buses should be 
ab7e t o  operate whenever peop7e are able t o  make i t  up t o  the parking 
area. 

Acknowledged. 

59. Capita7 Cost: To compare on equal f o o t i n g ,  buses shou7d probab7y be 
addressed as being purchased a t  beginning of period. 

Capital costs f o r  the buses are included i n  the lease costs. 

60. Shutt7e Bus: Address fact t h a t  potentfa7 odor and po77ution prob7emsmay 
be improved by use o f  a7 ternat ive fuels .  

The e f f e c t  o f  alternative f u e l s  on odor and pollution w i l l  be discussed 
i n  the 100% report. 

61. Summary and Recommendations: Agree wi th  the  report 's  recommendations 
w i t h  exception of one system. Do not fee7 the covered walkway warrants 
further considerat ion. As an a1 ternat ive ,  recommend the considerat ion 
o f  a mvlti7eveF parking structure near the Activity Center/Hote7 which 
wou7d e7 iminate the need for any mechanized transport at  ion system. 

Acknowledged. These comments are reflected i n  the a1 ternatfves under 
consideration i n  the 100% phase of study. 
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