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A .  Objective 

This handbook ou t l ines  the basic s teps  en ta i l ed  in the use of the 

Environmental Protection Agency ( E P A )  Envi ropod Camera Sys tem. I t  

contains a step-by-step guide fo r  mission planning, f l i g h t s ,  f i lm 

processing, indexing, and documentation. The handbook a lso  nrovides 

information regarding Envi ropod equipment and speci f ica t ions .  

B .  Examole of Envirouod Yission 

In order t o  bes t  i l l u s t r a t e  the execution of an Enviropod mission 

in a practical  way, a pa r t i cu la r  mission t ha t  was previously completed 

has been se lected as an example. This spec i f i c  mission was for the Utah 

Department of Wildlife Resources t o  document r i v e r  channel disturbance 

on the Weber River i n  Morgan and Summit Counties, Utah. While spec i f i c  

reference wil l  be made t o  t h i s  pa r t i cu la r  mission, a l l  aspects of 

planning and execution a r e  discussed in order t o  cover possible require-  

ments f o r  any given Enviropod mission. 

I I .  ENVIROPOD SYSTEM CONFIGURATION 

A .  A i rc ra f t  and the Pod 

Two a i r c r a f t  t.ypes have been approved by the Federal Aviation 

Administration (FAA) t o  carry the Enviropod: the Cessna 172 and Cessna 

182. Exhibit A includes a copy of the approval form for  each a i r c r a f t .  

The form, as well as placard "a" and "b" of l imi ta t ion  number 4 ,  must be 

placed in the a i r c r a f t  during actual operation.  

The two-part Enviropod capsule, in which the  cameras a r e  mounted, 

i s  an aluminum enclosure t ha t  s t ra?s  to  the bottom of the a i r c r a f t  



( F i g u r e  1  ) .  The pod, when snapped t o g e t h e r ,  measures 48" i n  l e n g t h ,  1 5 "  

i n  w i d t h ,  and 1 3 "  i n  h e i g h t .  When mounted, t h e  bo t tom o f  t h e  pod s h o u l d  

be a  minimum o f  4 "  above t h e  ground.  

The pod i s  f i t t e d  w i t h  e i t h e r  a  DC b a t t e r y  power s u p p l y  ( two  b a t t e r i e s  

f o r  each o f  t h e  two cameras) o r  t h e  cameras may be r u n  o f f  t h e  a i r c r a f t ' s  

e l e c t r i c a l  system t h r o u g h  a  c i g a r e t t e  1  i g h t e r  a d a p t e r .  The l a t t e r  i s  

u s u a l l y  more c o n v e n i e n t  because o f  t h e  r e d u c t i o n  i n  w e i g h t .  The w e i g h t  o f  

t h e  pod w i t h  camera i s  78 pounds, w h i l e  t h e  f o u r  b a t t e r i e s  add a n o t h e r  67 

pounds. T h i s  i n c r e a s e  i n  w e i g h t  adds t o  t h e  c h o r e  o f  moun t ing  t h e  system 

t o  t h e  a i r c r a f t .  The b a t t e r i e s  must a l s o  be charged and r e a d y  f o r  a  g i v e n  

fl i g h t .  An AC c h a r g e r  has been made a v a i l a b l e  f rom t h e  EPA. 

Env i ropod  c o n t a i n s  two camera p o r t s ,  one v e r t i c a l ,  t h e  o t h e r  a t  a  45 

degree f o r w a r d  o b l i q u e  a n g l e .  The g l a s s  windows on t h e  pod a r e  p r o v i d e d  

w i t h  a luminum p r o t e c t i v e  p l a t e s  wh ich  must  be removed p r i o r  t o  t a k e o f f .  

These g l a s s  windows may be abraded by a i r b o r n e  p a r t i c l e s  near  t h e  ground 

d u r i n g  t a k e o f f  and l a n d i n g ,  e s p e c i a l l y  on  remote  a i r s t r i p s .  

R .  Cameras and F i l m  

Env i  ropod was des igned  t o  c a r r y  two KA-85A panoramic cameras, a1 though 

i t  i s  a d a p t a b l e  t o  v a r i o u s  o t h e r  camera systems (e.g.  Hassel b l a d ) .  These 

panoramic cameras c o n t a i n  80mm l e n s  w i t h  f 1 2 . 8  t o  f / 2 2  a p e r a t u r e .  They use 

70mm "Kodak Aerochrome i n f r a r e d  f i l m  2443  s star base) "  C a t a l o g  160  8462 

f o r  c o l o r  i n f r a r e d ;  and "Kodak Aerochrorne MS f i l m  2448 ( E s t a r  base ) "  Cat .  

168-4166 f o r  n a t u r a l  c o l o r  photography.  B o t h  o f  t h e s e  f i l m  t y p e s  a r e  h i g h  

q u a l i t y ,  f i n e  g r a i n  f i l m ,  d e p i c t i n g  remarkab le  d e t a i l .  The f i n e  g r a i n  and 

r e s u l t i n g  s p a t i a l  r e s o l u t i o n  p e r m i t  en largement  up t o  30x o r  more w i t h o u t  

s i g n i f i c a n t  l o s s  o f  d e f i n i t i o n .  



vertical looking camera 

Env i ro -Pod  S e c t i o n s  B e f o r e  
M a t i n g .  

F i g u r e  1 



Since most applicat ions may benef i t  from both natural color and CI9 

photography, CRSC's typical procedure i s  t o  place one f i lm type in the 

ver t ica l  camera, and the other type in the oblique camera. The par t i cu la r  

order depends on the nature and objectives of the individual mission. 

Information concerning f i lm ordering can be obtained through the EPA.  

Since the image i s  exposed through a  ro ta t ing lens onto a  concave 

surface,  r a the r  than a  film plane, scale  of the f i na l  f i lm product 

decreases from the center outward. An  individual f i lm imaqe measures 

2.3  inches (along f l i g h t  l i n e )  b y  7 . 6  inches ( t ransverse  t o  f l i g h t  l i n e ) .  

For the  camera mounted in the ver t ica l  port  the  sca le  along track may 

be predetermined during f l i g h t  planning. While the scale  perpendicular 

to  the  f l i g h t  l i n e  i s  var iable ,  the approximate w i d t h  of the  ground swath 

may be predetermined as we1 1  . Both s ca l e  and swath width a r e  functions o f  

f ly ing a1 t i  tude, t e r r a in  configuration,  and a1 t i  tude of a i r c r a f t  over 

the t a rge t  area.  These matters a r e  discussed l a t e r  i n  t h i s  handbook. 

For the  camera mounted in the forward looking obl igue p o r t ,  sca le  

var ies  in both d i rec t ions  on the image. The ground swath coverage can only 

be roughly approximated. The resu l t ing  image i s  bes t  used f o r  recon- 

naissance and in te rpre ta t ive  use by way of visual landmark control s ince  

the image geometry i s  great ly  d i s to r ted .  

C .  Intervalometer 

For each Enviropod mission an intervalometer i s  placed i n  the 

a i r c r a f t  t o  t r i gge r  the cameras on an.auto-timed sequence. The i n t e r -  

valometer may be s e t  individually,  f o r  each camera, t o  the nearest  tenth 

of a  second. In addit ion t o  the automatic c.ycling, each camera nay 

a l so  be t r iggered by the photographer. The extra  p ic tu re  button wil l  

not in te r rup t  the  auto-timed sequence of exDosures. 



Elect r ica l  1 eads from the intervalometer run under the door of the 

cabin to the pod. Appropriate padding i s  required to prevent vibrat ions 

frog severing these wires. The usual padding configuration consis ts  of 

f ive  layers  of duct tape along the bottom door jam ( f o r  cushioning); 

followed by the  intervalometer cable ;  then overlaid w i t h  three more l ayers  

of duct tape to prevent chafing. 

111. PREFLIGHT PREPARATIONS 

A .  Mission Planning 

Exhibit B contains the various mission planning forms and tables  needed 

in the  execution of a  typical Enviropod mission. These forms and tables  

keep v i t a l  mission information in a  convenient, easy-to-locate format. The 

f i r s t  page contains information provided by the requesting organization.  

( I f  the  cl i en t  does not know what scale  i s  adequate, o r  i s  1  imited t o  a  

fixed c o s t ,  r e f e r  t o  "Mission Delineation" in the next sec t ion . )  Page 2 and 

3 of Exhibit B contain convenient t ab les  of  mission planning data and f l i g h t  

ca lcula t ions .  The l a s t  form i s  the Flight Log. The header information 

should be f i l l e d  out  d u r i n g  prefl ight  preparation.  The lower part  i s  useful 

in the  case of mult iple s t r a i gh t  f l i g h t  l i n e s  in a  given mission. 

Once an a l t i t u d e  above ground level  ( o r  s ca l e )  has been determined, the  

f l i g h t  l i n e  can now be mapped. I f  the  t a rge t  area i s  l i nea r  and no wider 

than a  s ing le  f l i g h t  l i n e  requirement (e .g .  a  r i v e r ,  canyon, shorel ine ,  e t c . )  

a  l i n e  delineated on a  xerox map of t a rge t  area i s  su f f i c i en t .  However, i f  

the t a rge t  i s  broader, mu1 t i p l e  passes will be required to cover the e n t i r e  

area .  

The i n i t i a l  discussion will deal with the  simpler case of a  1  inear 

t a r g e t .  The f l  ight  1  ine should be drawn onto a  xerox copy of a  portion of 



a  USGS quadrangle. This map will be carr ied  in the a i rp lane  to  aid the 

photographer and p i l o t  in locating the beginning and end of the t a rge t  path. 

The map should a l so  contain a l t i t u d e  levels  the a i r c r a f t  must maintain 

along the f l i g h t  path. 

For the Weber River mission example, an a1 t i t ude  above ground level 

( A G L )  of 2,500 f e e t  was se lec ted ,  with coverage of the  r i ve r  s t a r t i ng  a t  

Rockport Lake and extending t o  the Great Sal t Lake. Every three to  f ive  

miles along the f l i g h t  l i n e ,  o r  a t  any substantial  break in topography, the 

elevation above sea level  i s  calculated by adding ground elevation and AGL 

(Figure 2 ) .  

When mult iple passes a r e  required,  the f l i g h t  planner must consider 

not only the forward coverage per frame b u t  a lso  the l a t e r a l  coverage. 

Information regarding forward and l a t e r a l  coverage may be found on Page 2 

of Exhibit B and on the graphs i n  E x h i b i t  C, Warning: always subtract  a t  

1  eas t  40% for  l a t e r a l  s idelap t o  provide a  buffer zone. The actual amount 

of s idelap depends on how much deta i l  i s  needed in the  f r inge a rea .  

Once the f l i g h t  l i n e s  have been l a i d  out t o  provide the  needed cover- 

age, they should be referenced to  e a s i l y  iden t i f i ed  objects  on the  ground 

( e . g .  roads, towns, r i ve r  confluences, e t c . )  This enables the  p i l o t  to be 

kept on course,  and prevents l o s s  of coverage a t  the f r inge of the  

photograph. 

To i l l u s t r a t e  t h i s  type of coverage see Figure 3 ,  where the bo ld  l i n e s  

show l i n e  of f l i g h t  and dashed l i ne s  determine l i m i t  of  l a t e r a l  coverage 

with an appropriate buffer already subtracted.  This pa r t i cu la r  example i s  

of Antelope Island a t  3,000 f e e t  A G L .  The actual l a t e r a l  coverage i s  2.44 

miles, minus .55 mile fo r  a  buffer ,  leaving a  net 1  .9  miles of l a t e r a l  

coverage t o  plan f o r .  



FIGURE 2 



FIGURE 3 



After the  f l  i gh t  1 ine  has been mapped, the required amount of film 

can be ca lcu la t ed .  To f ind  the  amount of  film needed fo r  a  given 1 ength 

of f l  i g h t ,  d iv ide  the  f l  i gh t  length by the  amount of forward advance per 

frame (derived from Page 3 of  Exhibit  B ) .  This determines the number o f  

frames of  photography needed. Divide the  number of frames by 1  . 5  ( 1  .5  

frames per foot  of f i lm)  t o  give footage of f i lm required fo r  the  mission. 

I f  the footage required i s  not acceptable fo r  economic o r  o ther  reasons,  

r e f e r  to  "Mission Delineat ion" in the  next sec t ion  t o  reevaluate what i s  

required from the  mission. 

The intervalometer  s e t t i n g  determines how of t en  the  camera exposes a  

frame. The optimum s e t t i n g  i s  found on Page 2 of  Exhi b i t  B f o r  various 

a l t i t u d e s  a t  a  ground speed of 90 knots.  For various o the r  speeds and 

overlap s e l e c t i o n s ,  r e f e r  to  Exhibit  C .  

A forward overlap o f  photographs i s  usual ly  d e s i r a b l e  to  provide a  

buffer t o  account f o r  devia t ions  i n  t he  f l i g h t  speed, AGL,  e t c .  An over lap  

of 20% i s  t y p i c a l l y  used f o r  monoscopic photography and an overlap of  60% 

i s  used t o  provide s te roscopic  coverage when des i r ed .  

A completed Mission Request Form (B-1), F l ight  Log (B -4 ) ,  and map o f  

t a r g e t  area a r e  the  end r e s u l t s  of  a  f l i g h t  planning sess ion .  This map 

should have t h e  f l  i gh t  1  ine del inea ted ,  a1 t i  tude above sea 1  eve1 i d e n t i f i e d ,  

and the intervalometer  s e t t i n g .  The map should a l s o  be trimmed small 

enough to be placed on a  cl ipboard with o ther  f l i g h t  ma te r i a l .  

R .  Mission Del inea t ion  

While many c l i e n t s  will  not have a  c l e a r l y  defined idea about what 

sca le  of photography they need, they may have a  s p e c i f i c  amount of funds 

a l l o c a t e d .  To optimize economy, the  mission planner may be required t o  



derive several preliminary f l i g h t  plans in order to  determine which pro- 

vides complete coverage on a  limited amount of f i lm. O p t i m u m  economy i s  

reached when a  f u l l  r o l l  of film for a  given camera i s  used for  one 

mission. I f  the desired coverage cannot be accomplished on one r o l l ,  then 

i t  will be necessary to  land the a i r c r a f t ,  dismount the p o d ,  and ins ta l  1  

another r o l l .  

For these preliminary f l i g h t  plans i t  may be su f f i c i en t  t o  find 

f l i g h t  length ,  then ad jus t  A G L  to e f f ec t  the needed coverage for the ava i l -  

able f i lm. Check the  sca le  a t  the selected AGL t o  determine i f  photography 

will provide su f f i c i en t  de ta i l  for  the project .  

In the process of examining the many d i f f e r en t  f l i g h t  combinations 

possible,  the use of the tables  and graphs in Exhibit C can become 

cumbersome. For those with access t o  a  Hewlett-Packard 41 CV (o r  41 C plus 

one addit ional  memory module), the program in Exhibit D will great ly  increase 

the planner 's  a b i l i t y  t o  examine many possible f l i g h t  plans quickly and 

e f f i c i e n t l y .  Ins t ruct ions  fo r  program 1 oading and execution a re  found i n  

Exhi b i t  D. 

C .  Camera Loading and Downloading 

Before describing the  actual i n s t a l l a t i on  and removal of film from the  

Enviropod cameras, i t  should be noted t ha t  a f t e r  changing ANYTHING on a  

camera ( i  . e . ,  remove/install film or change f -s top)  i t  should be labeled on 

the outs ide  of the  camera. A convenient way t o  label the camera i s  t o  use 

masking tape with the current  condition of camera writ ten on i t .  This 

label should display the  film type, amount of film ( foo tage) ,  as well a s  

the present f -s top.  If  t h i s  practice i s  adhered t o ,  i t  will reduce the 

chance of accidenta l ly  opening a  loaded camera and ruining the f i lm,  o r  

mistaking the type of film or  amount of film remaining on the r o l l .  



Ideall,y, the camera should be loaded and unloaded in a darkroom; 

however, i f  no darkroom i s  available or i f  film must be changed in the 

f i e ld ,  a dark bag can be used. Whether you use a dark bag or a dark- 

room i t  i s  advisable to familarize yourself with the camera mechanism 

b,v loading and unloading an old piece of film leader before attempting 

to load unexposed film. 

The process for  loading and downloading the caqera in the dark bag 

i s  the same as that  for  a darkroom except tha tyou will be guided hy 

touch only. I t  i s  essential that  a l l  the equipment needed to complete 

the loadinglunloading process be inside the dark bag prior to  opening 

the camera. The equipment needed usually includes the following: 

1- camera 

2- 1 ight-proof film container 

3- empty film core (take-up spool ) 

4- scissors fo r  cutting film 

5- masking tape fo r  securing the loose ends of the film on the 

take-up spool 

Exhibit E contains a step-by-step guide for  film loading and unload- 

ing. Important: If  the film being installed/removed i s  secured by tape 

to the feed or take-up spool, be certain that  no tape i s  allowed t o  be 

forced into any of the drive mechanisms. If tape disappears into th is  

area i t  can jam the drive mechanism, requiring disassembly of the camera. 

After the cameras have been loaded with the appropriate film, the 

f-stop must be calculated and se t  for  each camera. Through f ie ld  e x ~ e r i -  

ence, CRSC has developed the charts and graphs in Exhibit F. The f-stop 

obtained from these charts a re  representative of typical conditions 

encountered by CRSC.  Variations in cloud cover, target brightness, and 



haze condit ions may necess i t a t e  adjustments t o  the  f -s tops  obtained from 

Exhibit  F.  To f ind f - s top ,  r e f e r  t o  the cha r t  with the  l a t i t u d e  c l o s e s t  

t o  t h a t  of the  p a r t i c u l a r  mission. A s o l a r  a l t i t u d e  i s  derived from the  

graph by time of year  and time of day. This s o l a r  a1 t i t u d e  i s  then used 

with the  t a b l e  t o  obta in  the  c o r r e c t  f - s top .  

The f ina l  s t ep  of  camera preparat ion i s  t o  i n s t a l l  a  #2 yellow f i l t e r  

on any camera containing color  in f ra red  f i lm.  I t  would be advisable t o  

label  each camera a t  t h i s  time with t h e  f i lm type ,  f - s top ,  and f i l t e r  used 

( i f  any) .  

A t  t h i s  point ,  we have completed the  Mission Request Form, a  map w i t h  

the  f l i g h t  l i n e  d a t a ,  and the  cameras a r e  loaded and ready t o  use. 

Prefl i gh t  Check1 i s t  

This sec t ion  introduces a  de ta i l ed  c h e c k l i s t  f o r  the  mounting and 

dismounting of the  Enviropod. I f  t he  photographer adheres t o  t h i s  guide, 

optimum performance from Enviropod wi l l  be rea l  ized -- resul  t i n g  in high 

qua1 i t y  a e r i a l  photography. While t h e  check1 i s t  i s  very thorough, some 

top ics  deserve p a r t i c u l a r  emphasis: 

1  . Before leaving  fo r  the  a i r p o r t  make su re  you have: 

- Charged t h e  b a t t e r i e s  

- Correct pod mounting s t r a p s  (Cessna 172 o r  182) 

- Dark bag and ext ra  f i lm ( i f  needed) 

- Fl ight  map, Mission Request Form, and t h e  heading on t h e  Fl ight  
Log compl eted 

- Supplemental Type C e r t i f i c a t i o n  (which includes placards a  and b) 

2 .  Before t akeof f ,  be c e r t a i n  t h e  window cover p l a t e s  have been 

removed from both camera sec t ions .  



3 .  On  missions t ha t  require more than one ro l l  of f i lm,  the 

a i r c r a f t  must land; the pod i s  dismounted; and a new ro l l  

of f i lm i s  i n s t a l l ed .  Changing the film must he performed 

in the dark bag; therefore ,  a1 1 needed i tems (see  Camera 

loading/downloadi n g  should be on the airplane during the 

f l i g h t .  When the mission uses only one camera in the pod 

i t  i s  possible t o  avoid the  problem of loading f i lm in the  

f i e l d  by having previously loaded another camera. Now, 

simply exchanging cameras when the f i r s t  i s  exhausted allows 

the mission t o  proceed with a minimum of disruption.  

4 .  For proper i n s t a l l a t i on  of the pod, the bottom of a i r c r a f t  

must be f r e e  of antennas and other protruding equipment from 

approximately the wing s t r u t  t o  s i x  inches a f t  of the main 

gear. 

5. A t  the l a s t  moment before strapping the pod i n  place on the 

a i r c r a f t ,  recheck the exposure conditions fo r  the t a rge t  

a rea ,  and rese t  the f -s top i f  necessary. There i s  no way 

t o  reach the f -s top r ing once the pod i s  mounted. I t  i s  

necessary, therefore ,  t o  an t i c ipa te  1 ight i  ng conditions in 

the t a rge t  area a t  the expected time of a r r iva l  over the 

t a rge t .  Special conditions of sky (clouds,  sun angle, e t c . )  

a s  we1 1 as the ground (snow, t e r r a in  shadows, e t c .  ) should 

be taken in to  account. 

6 .  Color infrared f i lm i s  much more sens i t ive  t o  shadowing by 

clouds on the ground t a rge t  area than a r e  natural color o r  

B/W film. Dense shadowing may underexpose t a rge t  object ives  

beyond recognition. 



I V .  FLIGHT 

A l l  o f  t h e  c a r e f u l  m i s s i o n  p l a n n i n g  and p r e p a r a t i o n  w i l l  pay o f f  

d u r i n g  t h e  a c t u a l  f l i g h t  o f  t h e  m i s s i o n .  W i t h  t h e  M i s s i o n  Request Form 

and f l i g h t  map on a  c l i p b o a r d ,  t h e  f l i g h t  becomes t h e  s imp le  process o f  

d i r e c t i n g  t h e  p i l o t  t o  t h e  t a r g e t  a r e a .  

When i n  t h e  t a r g e t  v i c i n i t y ,  t h e  p roper  f l i g h t  l i n e  and a l t i t u d e  can 

be o b t a i n e d  f rom t h e  f l  i g h t  map. A f t e r  t h e  camera i s  a c t i v a t e d ,  t h e  

photographer  must p e r i o d i c a l l y  r e f e r  t o  t h e  f l i g h t  map t o  assure  t h a t  t h e  

p roper  f l  i g h t  1  i n e  and a1 t i  t u d e  a r e  m a i n t a i n e d .  The photographer  shou ld  

a l s o  be c o g n i z a n t  o f  any change i n  l i g h t i n g  c o n d i t i o n s  d u r i n g  t h e  f l i g h t ,  

and v a r i a t i o n s  f r o m  those  c o n d i t i o n s  o f  s k y  and ground t h a t  may d i f f e r  

f rom t h e  p r e - c a l c u l a t e d  c o n d i t i o n s  by which t h e  f - s t o p  s e t t i n g  was made. 

As t h e  f l  i g h t  progresses,  t h e  remainder  o f  t h e  Fl i g h t  Log i s  completed ( t h e  

head ing hav ing  been completed p r i o r  t o  t a k e o f f ) .  

V .  POST FLIGHT 

A. F i l m  Process ing  

The m a j o r i t y  o f  Env i ropod m i s s i o n s  r e q u i r e  immediate a n a l y s i s  o f  t h e  

photography.  To e x p e d i t e  f i l m  p rocess ing ,  t h e  f i l m  may be sh ipped v i a  

Express M a i l  a i r p o r t - t o - a i r p o r t  s e r v i c e .  The packaged f i l m  must be hand 

d e l i v e r e d  t o  an a i r p o r t  p o s t a l  f a c i l i t y  f o r  s h i p p i n g .  The p r o c e s s i n g  

o r g a n i z a t i o n  shou ld  be n o t i f i e d  t h a t  exposed f i l m  i s  i n  t r a n s i t ,  t h e  

s h i p p i n g  number, and when and where i t  may be p i c k e d  up. A  comple te  F i l m  

Data Sheet ( i n c l u d e d  i n  E x h i b i t  E) shou ld  be p l a c e d  on t o p  o f  t h e  f i l m  

c a n i s t e r  i n  f i n a l  packag ing t o  a s s i s t  t h e  f i l m  p rocessor .  I f  F o s s i b l e ,  

t h e  c a n i s t e r  shou ld  be sh ipped i n  i t s  o r i g i n a l  box. I n  a  consp icuous 

p l a c e  on t h e  o u t s i d e  o f  t h e  box shou ld  appear :  "Unprocessed F i lm ,  DO NOT 

EXPOSE TO: X-Ray, L i g h t ,  Heat, o r  R a d i a t i o n . "  



B .  Photo Indexing 

I t  i s  imperative t ha t  each frame of photography be uniquely labeled 

(indexed) f o r  present use and future  reference. This indexing should 

make i t  possible t o  i d e n t i f . ~  a pa r t i cu la r  frame as t o  mission, type 

(ver t i ca l  o r  obl ique) ,  and par t i cu la r  frame number. I f  missions a re  

iden t i f i ed  by number, V o r  O indicates ver t ica l  o r  oblique, and each 

frame i s  numbered sequent ia l ly ;  the frame 23-V-143 would indicate  mission 

number 23, ver t ica l  photograph, and frame number 143. 

For ease of viewing, photographs may be cu t  and placed in vinyl 

loose-leaf protectors ,  s i z e  11" X 8%" o r  9 " .  Each protector wil l  hold 

four frames of photography. Labels should be placed on photos before 

cut t ing t o  assure t h a t  correct  sequence i s  maintained. 

The f ina l  s t ep  of indexing i s  t o  locate  the  actual f l i g h t  l i n e  on 

two maps of the f l i g h t  area.  One f l i g h t  l i n e  copy should be kept on 

f i l e  with the or ig inal  Flight Request Form, Fl ight  Log, e t c .  The other 

i s  placed in a vinyl protector and kept with the Enviropod photographs 

for  convenient reference.  On these maps, every f i f t h  t o  tenth  photo 

should be accurate ly  located and marked on the map t o  construct  the 

e n t i r e  f l  ight  a s  i t  ac tua l ly  occurred. 

To provide a comprehensive inventory of the many d i f f e r en t  EnviroFod 

missions flown, a master index i s  maintained. This index should not 

only provide access t o  content of each f l i g h t ,  h u t  a l so  iden t i fy  the 

agency t ha t  possesses the photography 

VI. EMERGENCY APPLICATIONS 

Because of the  speed with which Enviropod photography can be obtained, 

many of the missions requested wil l  be used t o  document emergency or  



d i s a s t e r  s i tua t ions .  When emergencies happen, the time avai lable  f o r  

mission planning and pre f l igh t  preparation wil l  be shortened considerably. 

The execution of an Enviro~od mission with only four to  s i x  hours of 

preparation time requires both we1 1 -trained personnel and organization of 

the d i f fe ren t  Enviropod components. The par t i cu la r  mission may require 

any combination of CIR o r  natural color f i lm,  ver t ica l  o r  obliqlre camera 

angles,  Cessena 172 o r  182 mounting s t raps ,  and ba t t e r i e s  t ha t  a re  

charged. Therefore, i t  i s  imperative tha t  each component of the  

system i s  cor rec t ly  labeled.  \ihere a l l  cameras, mounting s t r ap s ,  and 

f i lm a r e  eas i ly  located and i d e n t i f i e d , i t  wil l  great ly  simplify assembly 

of the  necessary configurations.  

While time i s  the governing fac to r ,  t h i s  does not in fe r  t h a t  any 

planning o r  execution s teps  can be el iminated. To insure the highest qua1 i  t y  

photography, a l l  of the  preparation steps must be taken. By combining 

resources, the time required t o  plan and prepare fo r  the  mission can be 

g rea t ly  reduced. This typ ica l ly  involves one person assemblying equip- 

ment, another planning the f l i g h t ,  and another person securing the  use 

of an appropriate a i r c r a f t .  Many times the bo t t l e  neck i n  t h i s  procedure 

i s  ava i l ab i l i t y  o f  a i r c r a f t .  Fortunately, many of the agencies request- 

ing emergency photography wil l  have t h e i r  own a i r c r a f t ,  o r  a t  l e a s t  

access t o  a i r c r a f t .  

VI I .  CQNCLUSION 

The high qua l i ty  low cost  photography produced by the  EPA Enviropod 

makes i t  a  very a t t r a c t i v e  system f o r  ae r ia l  reconnaissance and documen- 

t a t i on .  In t h i s  handbook,it has been our aim to  present a  sound 

procedural bas is  t ha t  wil l  provide the  manager of the system with 



fundamental knowledge necessary for  the e f f ic ien t  operation of the 

camera system. As with any tool ,  the more Enviropod i s  used, the more 

proficient the operator will become. If the basic sequence of steps 

presented in th is  handbook are adhered to ,  maximum ut i l izat ion of 

Envi ropod should be real i  zed. 



EXHIBIT A 

Federal Aviation Administration "Suppl emental Type 
Cer t i f i ca te"  f o r  the Envi ropod camera system. 



s u p p l c i n c n  til E~pc Ecr tifica tc 

3d U ~ # C o 4 h ~ b  A i  r Force Wright  Ae ronau t i ca l  Labo ra to r i es  
AFWALIAARF 
Wri ght -Pat te rson AFB, Ohio 45433 

&+TN.y,~4,dh,L-,,,m~ & ,--,AL- - 7 mk,,l,nn.Lf??% 3 .+/A, C Ci v i 1  A i  r 

% f u ~ ~ ~ d .  (see T.C. Data Sheet No. 3A12 f o r  complete c e r t i f i c a t i o n  bas is . )  

e,,,,,/.%. dd> -?;,/. &J#~AL&,J- : 3A 1  2 

JZ'?: 'Cessna 

dLd1: 172M,  N 

9A+&f+-k,9&..m .aa : 
1. Manu ac u r e  acco rd ing  t o  L i s t  o f  Drawings - EPA Po r tab le  Env i ro  Pod, 

Rev i s ion  K da ted  December 27, 1982. 
2. I n s t a l l  t h e  EPA Pod accord ing t o :  

a. "EPA Pod I n s t a l l a t i o n " ,  Drawing Number DA-75-D-037 ( 3  sheets)  Sht. 1, 
R e v i s i o n  C: Sht. 2, Rev i s ion  D; Sht. 3, R e v i s i o n  B, and; 

b. " D e s c r i p t i v e  I n s t a l l a t i o n  Data f o r  P o r t a b l e  Camera Pod on Cessna 172", 
Report  Number 7402-75D, Rev i s ion  I dated December 27, 1982. 

L , r r ; / n ~ ; - ~ . ~ r r t d G - : d ~ ~ ~  : 

1. The I n s t a l l a t i o n  o f  t h i s . ' ~TC may r e q u i r e  t h e  d i sconnec t i on  o f  i n s t a l l e d  
a i r c r a f t  equipment, compone~ts o f  which may be l o c a t e d  on t h e  fuselage 
bottom o r  s i des .  Any such equipment, t h a t  must be d isconnected,  t h a t  would 
i n t r o d u c e  any adverse e f f e c t  upon the  a i r w o r t h i n e s s  o f  t h e  a i r c r a f t  s h a l l  
be reason t o  deny t h e  i n s t a l l a t i o n  o f  t h i s  STC. 

(See C o n t i n u a t i o n  Sheet, Page 3 o f  3) .  3zA , jyS~.a, , ,JA~~+.4;1~ & A d .  d- /dd/p 3 ~ .  m-te/J~,,/ /r,r~r,h r i ~  r/;/,m/r/..~- 

, ~ , d ~ + & - * v . . & ~  &,-&, ~ p r n ~ . - A ; ~  AL- A d&x--& . d ~ , # , ; # d / ~ , 4 . ~ ,  /'A 

32 r n / . d v > ~ i r n  * d&nl.-/m/i(m. 

9a/r,{L4*r~>a~.e: February  20, 1975 Y,,L ,-.i,.,.J: 

. January 19, 1977 ,,,,Y,,AJ: See Sheet 3 

-p 

-- 
An,  a l / n c / r o n  of I ~ I J  c c r / ! i ; c a / r  I S  p u n ; ~ h a b l c  6 )  o  f i r ~ ~  q/ n o /  

W. F! Horn ( S I ~  n o / u r r )  

Manager, Chicago A i r c r a f t  C e r t i f i c a t i o n  
O f f i  ~ d C f : l - W . C , ~ . . L c n t . r a l  Rr.ginn 

( 7 11lr ) -- 
c . x ( r t d l r i ~  SI,OOC, 01 ~ r ~ ~ p r t , o n n ; r n /  n o /  r ~ c r r d r n . ~  3 jriJrJ, 0 1  1 ~ 0 t h .  - - 



Dcpar tmcnt  of Znnspor te t ion-fcdaai  S b i a  tion Sldministr~tion 

(Continuo tion SBcc t) 

Date of  Appl ica t ion:  February 20, 1975 

Date of Issuance: January  19 ,  1977 

Date Amended: 12/5/77; 12/11/78; 5/21/79; 7/18/79; 
12/10/79; 11 13/81 ; 9/23/82; 3/3/83 

Limi ta t ions  a n d  Condit ions : (cont inued:  

2. The c o m p a t i b i l i t y  o f  t h i s  modif ica t ion  with o t h e r  previous ly  approved 
modi f i c a t i o n s  must be determined by t h e  i n s t a l l e r .  

3. When t h i s  STC i s  i n s t a l l e d ,  t h e  a i r c r a f t  s h a l l  be opera ted  i n  D A Y I N I G H T  
VFR cond i t ions  on ly .  

4 .  Placards:  The fo l lowing placards s h a l l  be i n s t a l l e d  in . ' fu l l  view o f  the  
p i l o t  when t h i s  STC i s  i n s t a l l e d :  

a. Never exceed 160 mph (139 Kts) wi th  sensor  pod i n s t a l l e d ,  

b. Normal ca tegory  only w i t h  Envi ro-Pod i n s t a l l e d .  

Max. Weight: 2227 Pounds 
C . G .  Range: (+37.8) t o  *(.+45 .O) a t  2227 Pounds 

(+35.0) t o  (+45.0) a t  1950 Pounds o r  Less 
S t r a i g h t  l i n e  v a r i a t i o n  between poi nts given.  

The combined weight o f  t h e  empty a i r c r a f t ,  enviro-pod and occupants 
may not exceed 2083 I b s .  

Note: P lacards  a r e  removed from the  a i r p l a n e  when t h i s  STC i n s t a l l a t i o n  
i s  removed. 

5.  The only equipment approved, f o r  i n s t a l l a t i o n  wi th in  the  EPA Pod, a r e  those 
i d e n t i f i e d  i n  t h e  Desc r ip t ive  I n s t a l l a t i o n  Data Report i d e n t i f i e d  under 
"Descript ion o f  Type Design Change". Any o t h e r  pod- ins t a l l ed  equipment a r e  
sub jec t  t o  L i m i t a t i o n  2  l i s t e d  above. 

--- 
.4?,. c ( , t r c : ; cn  4 ti;;i cc::b<;c!c iJ p ~ . c i r h o b ! ' r  kJ c j r -  of cat c x i r : c ' ; n ~  51,090, or irr:,?rlror:rl~rnt no [  r x ~ r r i l n g  3 , ) . r n r ~ ,  or I l r l t k .  - - 
fa F G R ~ .  E ~ I C L Z - I  ( 1 0 6 9 )  Ei ~cr!jC.zk r ~ >  br trc:: icir(d ,E fi .4,~,.!~rx( I ~ ~ I ' J  I - . 4 I c  ?I  4,-. 
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30 October 1975 

DTI'G. NO. 

F A A  

LIST OF DRAJINGS ' A E P , R O V E D .  
EPA PORTABLE E3!'1RO POD 

CHICAGO Al i iCRAFT 

FLY I NG f l,NU)!V:'\RE .CERTIFICATION OFFICE 
-- CENTRAL REGION 

/tp 

D.4T E 7'1 TLE 

Camera Cant 1-01, ( In te rna l  ometer) EPA h v i r o - P o d  

A f t  S e c t i o n ,  EPA Pod E /~sscz:bl!~ 

A f t  S e c t i o n  "B" Assembly D e t a i l s  

S i d e  Pane l ,  Aft Sec t ion  B EPA Pod 

S t r a p  Attaclxncnt 6 Ij inges f o r  1:PA Pod 

Bottom I'ai~cl, A f t  S r c t i o n  B, E!'A Pod 

\\'indo\< F1-;me E Glass,  EFA Pod 

D e t a i l s ,  lP,2 Pod 

Rattel-y Sllcli Z Hold D31m Acsy, . f t  Sec t ion  B 

'Front S e c t  ion  .4 .4_sscinbly 

s i d e  & Bottom J'anel EP.4 Pod, Foi-\\lard Sect j on A 

Eracket  & R 3 t  t er)r She l f ,  Foniard Sect  ion  A 

Sti-nps 2 Scnt Rail Clmps, EP-4 

S t r a p s  for  Ccssna 182, EPA 

],PA Pod Ins t  all;2: ion 

13PA Pod T ~ ~ s t n l l n t j o n ,  Conf ig l~ rn t ion  1 

EPA Pod 11i:t>l lation, C o n f i g t ~ r n i  ion 11 

S i d e  Pane l ,  Af t  ,Scctjon C, EI'A Pod 

Roitoin P a n r l ,  Af t  St.ctjon C, I:PX Pod 

A f t  Sec t  j on C,  :lc;sc.;:lbl y 

P c t a i l s ,  Irll.\ Pod 

P e t a i l s ,  lil':l Pod 

P.iilMlcad, Scct jon C & COI-ncr C: issc t ,  a1 1 Svct i ( \ns 

I J / I  4 /78  Con t 1-01 F.>s, !T.\ F L ~  

R/1 P / % ?  l!l ( .CI  r ic:?l  I ? : I I  i!cs>s [ o r  L-I-S5.4 

4/5/79 Pl ;+ca~-d :  for- Cccr;?:r\ 1 7  _7 



(Continuation Shcet) 

D I G .  NO. REV. DATE 

11/16/78 P.C. Board i o r  C ~ n c r a  Control  
t .  

9/26/ 78 Control Box, EPA Pod 

6/19/80 rlotmt ing Bracket, Pel-kin Elmer 2-18 

A 1 2 / 2 9 / 8 2  l'lounting Bracket f o r  Y4-69A Camera for EPA Pod A 

6/28/82 l,;ounting Bracket For TV Camera f o r  EPA Pod 

8/3/82 Attachment Assembly 

7/6/82 Cover, TV Control Box 

9/20/82 Universal l*:ounti n g  Bracket Fod."C" 

973182 Bat tery  Shel f  A s s ~ a b l y  Pod "C" 

11 /3/82 Attachment Bracket ,  Ear ,  Cl ip  

11 /1 5/82 Control Box Adapter-U69A 
. . 

12/7/82 C i r c u i t  Greaker Gushing And N u t  

12/15/82 Fiounting Brackets KS-67 Pod "A" 

F A A  
A P P R O V E D  

CHICAGO A l & C S A F l  

CERTIFICATION OFFICE 

C E N T R A L  R E G I O N  



4 R  O f f i c e  
U.S.  ust toms S e r v i c e  
1301  C o n s t i t u t i o n  Avenue,  N.W. 
Washington,  D.  C. 20229 

~+,,d'~//i,A~ npifz ,/Afi+/u,/~~mz,/-&m/J/-M;,y/ds/A4wA,Ax ~ ? / / L ~ & ~ ~ ~ ~ ~ ? I ~ L ~ > P / L ~ Z ; + ~ ~  

~4-A ~ ~ L C ; C / ~ ~ ~ n f Z U ~  ~ d W a l ~ & u i ~ ~ " Y ~ I ~ : r c t I L O n d d ~ ~ l d  3  rfil/w C  i v i  1 A i r  

&m2iTd~N~-~u,&~-&&</d-: 3A 1 3  

JLA: c e s s n a  

// //. l 8 2 P  and Q " c < C  . 

C 
G ' L C H . ,  dd,nL/q/k94Jc ,t..&u/yk,: f /' +' I n s t a  l a t i o n  o f  EPA o r t a b l e  E n v i r o  Pod i n  a c c o r d a n c e  w i t h  t h e  d a t a  l i s t e d  i n  
Howard A i r c r a f t ,  I n c . ,  " I n s t a l l a t i o n  Drawing L i s t  f o r  EPA Envi ro  Pod on Cessna  
182P and  Q a i r p l a n e s "  d a t e d  March 26,  1 9 8 1 ,  and  c o n t a i n e d  i n  Howard A i r c r a f t ,  Inc 
D e s c r i p t i v e  I n s t a l l a t i o n  D a t a  f o r  P o r t a b l e  Camera Pod on Cessna 182" R e v i s i o n  D ,  
d a t e d  March 25, 1981. 

, /&4- , :  
I 

1. U.S. Customs S e r v i c e  A i r p l a n e  F l i g h t  Manual S u p p l e m e n t a l  No. 80-D, FAA approved  
! 

A p r i l  2 ,  1981,  a n d  P l a c a r d  A s p e c i f i e d  t h e r e i n  i s  r e q u i r e d  w i t h  t h i s  i n s t a l l a t i o n .  
2. T h i s  a p p r o v a l  s h o u l d  n o t  b e  i n c o r p o r a t e d  i n  a n y  a i r c r a f t  o f  t h e s e  s p e c i f i c  
mode ls  on w h i c h  o t h e r  approved  m o d i f i c a t i o n s  are i n c o r p o r a t e d ,  u n l e s s  i t  i s  
d e t e r m i n e d  t h a t  t h e  i n t e r r e l a t i o n s h i p  b e t w e e n  t h i s  change  and any  o f  t h o s e  p r e v i o u s l y  
i n c o r p o r a t e d  a p p r o v e d   modification.^ w i l l  n o t  i n t r o d u c e  a n y  a d v e r s e  e f f e c t  upon t h e  
a i r w o r t h i n e s s  of t h e  a i r c r a f t .  
,% -q'4bApdd~ A,/+.&>~ dX&d J$,L&A/~ L~/mttw/~h~~, /ML>8.~,&dAd p 8 & f ~ ~ , ~  

a~-./Ir'u/~L;rok : December 20,  1980 

aIZx{-,.. A p r i l  2 ,  1981 

C h i e f ,  E n g i n e e r i ~ g  and M a n u f a c t u r i n g  Branch 

( T ~ 1 1 r  ) 

An) a l f n a f i o n  o f  (his crrfrj5calr rr purrishablc b, a-finr of not cxcrrding 51,000, or i t~rpr i~onmrn!  not rxccrding 3-rmrs, 01 60th.  

TAU crrt$f;ralr ma, bi tranrjnrrd rn otrordanrr rr* t /h  F,4R 31.f7. 



EXHIBIT B 

M i s s i o n  P l a n n i n g  Forms a n d  T a b l e s  



ENVIRO-POD AERIAL PHOTOGRAPHIC SYSTEM 
MISSION REQYEST F9RM 

GENERAL INFORMATION Date: 

Requesting Organizat ion: 

Address : 

Technical Contact Person: 

General P ro jec t  Descr ip t ion :  

PROPOSED ENVIRO-POD MISSION 

1. P ro jec t  Locat ion. At tach USGS map (1  :24,000 o r  1  :100,000), o r  Xerox copy o f  
map, marking proposed f l i g h t  area. B r i e f  d e s c r i p t i o n  o f  t a r g e t  area: 

2. P r o j e c t  Timing. The photo miss ion i s  t o  be f lown between 
(month-day-year) 

and 
(month-day-year) Pre fer red  date: 

(month-day-year) 

Pre fer red  s o l a r  angle ( low angle f o r  shadow, 
sun overhead f o r  minimal shadow): 

Special  t i m i n g  cons idera t ions  (i.e., h igh  water stage, a f t e r  l e a f  drop, e tc . ) :  

3. Photography Spec i f i ca t i ons  (check appl i c a b l e  b lanks)  . 
V e r t i c a l  Natura l  Color  Color  I n f r a r e d  

Obl ique Natura l  Color  Color  I n f r a r e d  

For  v e r t i c a l  photos only ,  s p e c i f y  type o f  coverage requi red:  

Monoscopic Stereoscopic 

Desired nominal v e r t i c a l  photo scale: 1  : o r  1" = feet. 

4. Special  I n s t r u c t i o n s .  Please prov ide  any a d d i t i o n a l  i n fo rma t ion  about the  
a n t i c i p a t e d  app l i ca t i ons  o f  t he  requested photography which may a i d  i n  f l i g h t  
planning. A1 so, note any dead1 ines  f o r  photography d e l i  very. 

5. I t  i s  o f t e n  encouraged t h a t  an i n d i v i d u a l  from you r  o rgan iza t i on  accompany the  
p i l o t  on photo missions t o  a i d  i n  ob ta in ing  t a r g e t  photography and t o .  reduce 
costs.  Please i n d i c a t e  who may be ava i l ab le ,  if desired,  t o  p a r t i c i p a t e  i n  
t h i s  mission. 

6. Organizat ions i n t e r e s t e d  i n  miss ion cos t  shar ing:  

Organizat ions contacted bu t  n o t  i n te res ted :  

B-1 



Y i s s i o n  Planning Data and F l i g h t  Ca l cu la t i ons  

NOTE: a l l  d i s t ance  

I V e r t i c a l  Camera 

(coverage) i s  g iven  i n  m i l es ,  a1 1  

Obl ique Cam. 

c y c l e  t imes a r e  i n  seconds. Cycle t ime  i s  c a l c u l a t  
a s s u r n ~ n ~  ~ p p p d  nf  Qn kwk.  

C a l c u l a t i o n  o f  f i l m  needed f o r  a  g i ven  l e n g t h  o f  f l i g h t :  

(LENGTH OF FLIGHT) 
TFTRCIARD COVERAGE)(I.~) 

= ( f e e t  o f  f i l m  requ i red )  



1:M03 
1: 2ZcO 
1:25CO 
1 3 ( X I O  

1:36CO 
1:ZCCO 
1:GW 
1: 5C00 
1:5235 
1:t;OCO 
1:6503 
1:m33 
1 : 7 m  
1:7920 
1:Ec.X 
I:aJX 
1:9XO 
1:9jCO 
1:1C003 
1:lC-TO 
1 : U W  
l:U.Z%I 
l:l/ccCo 
L:l=C00 
l:UwW 
l:15-2 
1:16033 
1:'ACo 
1:16%)0 
1:lW 
1:19203 
1:xxjOO 
1:- 
1:2UZO 
1:216C0 
X: WCQ 
1:UaOO 
1:2/rCXX) 
I:= 
1:31680 
1236000 
1tSOCCO 
1 : ~ s ~  
1:5CCcO 
1:60CCO 
L:~ZXJ 
1:633M 
i:700~0 
1:9SWl 
1:12%CU 
1:125000 
1:125723 
1:lCSOCO 
1:ZxoOO 

k 

For=ulas 
r 

L23.003 
166.667 
XO.CCO 
m.333 
250.030 
3DO.CCO 
333.333 
403,cOO 
/.16.667 
~X0-W 
300.033 
541.667 
XJ.333 
600.C00 
6LO.CCO 
66,667 
700.030 
750.033 
GCY).COO 
833.333 
SW.033 

ICCQ.(XX, 
1100.030 
LZOO.CCKl 
3250,CCO 
U00.030 
U2O.CiXl 
U33.333 
1CM.OCO 
1SoO.000 
1583 233 
1600.G00 
1666.667 
1700.OCO 
1760.000 
ISo0.D;K) 
u;50.00;1 
190r3.OCO 
2000.OGO 
2083.333 
2aO.CGO 
3 0 0 0 ~ ~  
3333.333 
~ . C C X I  
4166.667 
5003-OCO 
5203.333 
52uk?.C00 
5533,333 
6000-OC3 

1OCOO.OCO 
3.0416.667 
10560.C00 
12OXl.03Q 
20a33.333 

,Ecilc - 

L2.2-33 
31.680 
26 .m 
25-3W 
71.129 
17.GW 
35.840 
l3.203 
l2.672 
1Z-coif 
10.560 
9.718 
9.051 
8.603 
8.CCO 
7.923 
7.X3 
7-W.0 
6 . m  
6.336 
5.667 
5.260 
4.600 
4.LU3 
4.22L 
4,052 
A.CCO 
3.960 
3.773. 
3.520 
3.335 
3.303 
3.168 
3.106 
3.MO 
2.933 
2.8% 
2.779 
2.GO 
2.53L 
2.0CO 
1-760 
1.5% 
1320 
1.267 
1.056 
1.0X 
1.CY;O 
0.905 
0.660 
0.522 
0.507 
0.500 
O.&O 
0.253 

l2 23563xl.U I (Scale) (52ao ) 

0.032 
0.030 
0.039 
0. W7 
0.057 
O.OG3 
0.076 
0.079 
0.0533 
0.095 
6.103 
0- 110 
0.UL 
0.125 
0.126 
0.U3 
0-1C2 
C. 152 
0.U8 
0.170 
0.189 
0.233 
0.227 
0.237 
0.2& 
0.250 
0.253 
0.265 
0.284 
0,300 
0.303 
0.316 
0.322 
0333 
0.341 
0.350 
0.360 
0.379 
0.393 
0.503 
0.568 
0.631 
0.758 
0.769 
0.947 
0.936 
1.OW 
1.105 
1.515 
1.694 
1.973 
2.003 
2.273 
3.9:G 

0.3557 
0.6377 
0.9183 
0.9964 
1 . 4 3 3  
2 . W l  
2.55% 
3.6731 
3.9355 
4.v.44 
5.7392 
6.7355 
7.81W 
8:2fX5 

1 O . W  
10.2030 
31.2CS9 
l2.9U2 
14.6921 
U. 9L23 
3.8.5950 
22.9568 
27.7778 
33.0579 
35.6701 
38.7571 
40.0300 
40.8122 
44.99% 
31.6529 
57-5525 
!%-7695 
63.7690 
66.3253 
71. rlL1 
74.3802 
7'8.5693 
82.6742 
91.827d 
99.6391 

160.0000 
205.6lJ.6 
255.0760 
367-3395 
393.5563 
573 -9210 
622.7L42 
6.(0.00CO 
781.1703 

1469.2378 
2295.M41 
24W. 93CO 
2560.0000 
3305.7651 
993.9070 

[.%ale ) 

1.5682 
3.03rfi  
1.0336 
0.6WO 
0 . W  
0.3920 
0.2723 
0.2509 
0.225 
6.1712 
O.V+85 
6.22EO 
0.l210 
0.1W 
0.0920 
0.0389 
O.On4 
0.0631 
0.0627 
0.0538 
0.W6 
0.0360 
0.0303 
0.0279 
0.0258 
0.0250 
0.0215 
0.0222 
0.0194 
0.0174 
0.0170 
O.Ol57 
O.Ol51 
0.0141 
0.013C 
0 . 0 ~ 7  
O.Ol21 
0.0109 
0.0100 
0.0363 
O.CCZ8 
0.0039 
o m n  
0.0025 
0-0017 
0-0016 
0.0016 
0 - m u  
0-0x7 
0 ,cCiK 
0 . W  
0 . W  
0.0333 
O.M.31 

23560xlU 

O.CO100 
0.03Y.3 
O.COU5 
0.00u4 
0.03323 
Q.iX39il 
O.CQ57L 
O.CC624 
O-K%94 
0.C0397 
0.01054 
0.01U9 
O.Ol.291 
O.Ol563 
0.01595 
0.01759 
0.02018 
0.02296 
0.02589 
0.02C;OS 
0.035""7 
O.OC340 
0.05165 
0.05605 
0.W52 
0.06250 
0 . W 4  
0.07031 
0.0Sm 
O-OS9iZ9 
0.09133 
p.0395tZ 
0.2a366 
0 . U  
O.ll.622 
0 .~277  
0.129.9 
OP14349 
0.U564 
0.25039 
0.32293 
0.39234 
0.57392 
0.62292 
0,89575 
0.97231 
I-CcCCo 
1 . 2 ~ ~ 4  
3.29553 
3.5ST00 
3.69165 
L.cXW0 
5.16529 

15.56511 

(Ft. pe r  In.) 
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ENVIROPOD MISSION COST ESTIMATING* 

FIXED COSTS OF PHOTO ACQUISITION 

F i lm,  per  200 f o o t  r o l l  (300 frames) NC 
N  R 

Processing, per  200 f o o t  r o l l  $200 

M iss i on  p lann ing ,  p r e p a r a t i o n  and i n t e r a c t i o n  w i t h  
r eques t i ng  agency (3 -9  person hours )  

Load, se t ,  t e s t  and download camera(s);  
i n s t a l l  and remove pad; t r i p s  t o  and 
f rom a i r p o r t ;  prepare f o r  m a i l i n g  ( 7  ph )  

Postage t o  Las Vegas f o r  process ing 
UPS p ickup  $ 6  
A i  r p o r t  t o  a i  r p o r t  m a i l i n g ,  i n c l  . two r o u n d t r i p s  ( 4  h r s )  $ 66 

Handl ing ( 2  ph)  $ 30 

VARIABLE COSTS OF PHOTO ACOUISITION 

Index ing,  1  abel  i ng, and b i n d i n g  per  r o l l  : ma te r i  a1 and 1 abor $1 55 
OR i n d e x i  ng , bu t  l e a v i  ng on r o t  1  : mate r i  a1 and l a b o r  $ 7 5  

A i r p l a n e  and p i l o t ' s  t ime  (assumed 2 hour f l i g h t )  $180 

Camera opera to r  t i m e  (assumed 2 hour  f l i g h t )  $ 30 

INTERPRETATION AND MAPPING 

H i g h l y  v a r i a b l e ,  n e g o t i a b l e  

* Labor cos ts  based on $15/hour: t r a i n e d  graduate p l u s  b e n e f i t s ,  under 
s u p e r v i s i o n  



E X H I B I T  C 

Mission Planning Elements (graphs depictinq intervalometer, 
forward and 1  a te ra l  over1 ap, e t c .  ) 





CYCLING RATE (SECONDS ) 
20 25 3 0 2 5 10 15 55 $0 

I I I I I I I I I I I I I I - 8  

-7 

-6 

-5 

-4  

-3  

'2 

- I  

- 0  

15 20 25 
CYCLING RATE (SECONDS f 

Figure 1. Intervalometer settings for sixty percent overlap. 

* groundspeed in knots (I knot equals 1.152 miles-per-hour 
'or 1. '352 kilometers-per-hour) . 



CYCLING RATE (SECONDS) 

15 20 25 
CYCLING RATE (SECONDS ) 

Figure 2.. Intervalometer settings for fifty percent overlap. 

* groundspeed in knots (1 knot equals 1.152 miles-per-hour 
or 1.952 kilometers-per-hour). 



CYCLING RATE (SECONDS 

5 10 15 20 2 5 3 0 3 5 40 

0 5 - :O 15 20 25 30 35 40 
CYCLING RATE ( SECONDS ) 

Figure 3. Intervalometer settin~s for forty percent overlap. 

* groundspeed .i.n knots (1 knot eauals 1.152 miles-per-hour 
or 1.852 kilometers-per-hour). 



CYCLING 2ATE (SECOE!3S) 

0 5 10 15 20 25 30 35 40 
CYCLING RATE ( SECONDS ) 

Figure 4. Intervalometer settings for thirty percent overlap. 

* groundspeed in knots ( 1  knot equals 1.152 miles-per-hour 
or 1.552 kilometers-per-hour). 



CYCLlNG RATE {SECGNDS 

0 5 10 15 20 25 30 . 35 40 
CYCLING RATE (SECONDS) . 

Figure 5-  ~ntervalometer settings for twenty percent overlap. 

* groundspeed in' knots (1 knot equals 1.152 miles-per-hour 
or 1.552 kilometers-per-hour). 



- 
1 1 1 1 1 1 1 1 1 1 1  l l l l l l  
0 I 2 3 4 5 6 7 8 

GROUND COVERAGE ( STATUTE MILES) 

F i g u r e  6. Plission planning elements  f b r  o b l i q u e  
a e r i a l  photographs.  Forward coverage,  l a t e r a l  coverage,  
a l t i t u d e  and ground coverage i n  s t a t u t e  m i l e s  are 
q u a n t i t a t i v e l y  shown on t h e  nomogram and can  be  used 
c a l c u l a t i o n .  ~11. o t h e r  e lements  are d e s c r i p t i v e  and 
should n o t  be  used f o r  c a l c u l a t i o n .  



- 
FORWARD COVERAGE (000 FEET ) 

Figure  7. V e r t i c a l  camera a e r i a l  photographic coverage 
planning elements.  L a t e r a l  coverage only  is  t o  be  c a l c u l a t e d  
from the  top  of t h e  nomogram. Forward coverage oniy  is t o  be  
c a l c u l a t e d  from t h e  bottom of t h e  nomogram. 



FLIGHT LINE COVERAGE SUPPLY (00 STATUTE MILES ) 
0 I 2 3 4 5 6 7 8 
I I 1 I I I I I I I I I I I 

Figu re  8. Fi lm load  and f i l m  supply miss ion  p lanning  
elements  f o r  v e r t i c a l  a e r i a l  camera. 



E X H I B I T  D 

Hewlett-Packard Program f o r  HP 41C (program f o r  m i s s i o n  
p l a n n i n g ) .  



KEYING A PROGRAM INTO THE HP-41C 
There are several things that you should keep in mind while you are keying in programs from the program listings provided 

in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of 
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand 
the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure: 

1 At the end of each program listing is a listing of status information required to properly execute that program. Included is 
the SIZE allocation required. Before you begin keying in the program, press [slim] SIZE [ z ]  and specify the allo- 
cation (three digits; e.g., 10 should be specified as 010). 

Also included in the status information is the display format and status of flags important to the program. To ensure proper 
execution, check to see that the display status of the HP-41 C is set as specified and check to see that all applicable flags 
are set or clear as specified. 

2. Set the HP-41C to PRGM mode (press the (PRG)*I key) and press m(crolI_Ldn to prepare the calculator for the new 
program. 

3. Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program 
listings in this handbook. 

a. When you see " (quote marks) around a character or group of characters in the program listing, those characters are 
ALPHA. To key them in, simply press [nlr*cA], key in the characters, then press (-1 again. So "SRM PL E" would 
be keyed in as [ ~ ] " S R M P L E "  I-]. 

b. The diamond in front of each LBL instruction is only a visual aid to help you locate labels in the program listings. 
When you key in a program, ignore the diamond. 

c. The printer indicatio? of divide sign is I. When you see 1 in the program listing, press a. 
d. The printer indication of the multiply sign is . When you see $ in the program listing, press m. 
e. The t-character in the rogram listing is an indication of the function. When you see b, press IZ( I*PPEHDI in 

ALPHA mode (press h and the K key). 

1.' ' -All operations reqdin'ilg iegistef addresses'acCept'those addresses in'these forms:' 

nn (a two-digit number) 
IND nn (INDIRECT: Ilb , followed fy a two-digit number) 
X, Y. Z, T, or L (a STACK address: a followed by X, Y, Z, T, or L) 
IND X, Y, Z, T or L (INDIRECT stack: m a  followed by X, Y, Z, T, or L) 

Indirect addresses are specified by pressing and then the indirect address. Stack addresses are specified by 
pressing a followed by X, Y, 2, T, or L. Indirect stack addresses are specified by pressing 10 and X, Y, 2, T, or L 

Printer Listing Keystrokes Display 

8l*LBL "Sf2fl a -1 SAMPLE I-I 01 LBL~SAMPLE 
PLE" 
02 " T H I S  I S  [=I THIS IS A 1- 0 2 ~ ~ ~ 1 s  IS A 
a - ALR(A 1 SAMPLE 0 3 ~  t- SAMPLE 
83 "I-SFIMPLE - AVlEW 04 AVlEW 
84 ClVIEt4 6 05 6 

6 
E N T E R *  
- 2 
/ 

RBS 
S T 0  I N D  

" R 3 = "  
FlRCL 03 
RVIEW 
RTN 

06 ENTER 7 
07 -2 
08 1 
09 ABS 
10 ST0 IND L 
1 l ' ~ 3 =  
12 ARCL 03 
13 AVlEW 
14 RTN 



User Instructions 

For  v e r t i c a l  camera 

go t o  s tep  3 

For o b l i q u e  camera 

go t o  s tep  5 

( i n p u t  AGL i f  known, i f  sca le  o n l y  i s  

Y 

3 

( f i /S) 

N  ( W S )  

Planning f o r  v e r t i c a l  camera 

For  s te reo  

For mono 

known press (R/S) a f t e r  "AGL FT ? "  i s  

d isp layed,  then  i n p u t  sca le  va lue)  

I n p u t  ground speed i n  kno ts  

Y 

N 

AG L 
o r  

s c a l e  

For  coverage ( f o rwa rd  and 1  a t e r a l  ) 

speed 

4 

FL DIST ? 

FT I)F FILM ? 

(R/S) 

(R/S) 

(R/S) 

(R/S) 

Y 

.(when prompted f o r  unknown v a r i a b l e  press 

(R/S), t h e  unknown i s  a u t o m a t i c a l l y  c a l c )  

STEREO Y/N 

AGL FT ? 

AGL FT ? 

AGL= 

(R/S) 

(R/S)  

f o r  no coverage 

For no f l i g h t  p l ann ing  

go t o  s tep  3 

F o r f l i g h t p l a n n i n g  

AGL - .* 
V I 

FL DIST. 
U I 

FT FILV 

SPEED KNTS ? 

IM\I= 
- 

(R/S) 

(R/S) 

( U S )  

r -- 

COVERAGE Y / M  

F3R. = 

LAT . = 

N 

N 

Y 

(R/S 

(R/S) 

(R/S) 

FT PLAN Y/?3 

STEFiEO Y/N 

AGL FT ? 



User Enstructions 

I n p u t  ground speed  i n  knots  

I n p u t  d e s i r e d  forward o v e r l a p  i n  p e r c e n t  

( s u g g e s t e d  over1  a p  40-594)  

For  f l i g h t  p lann ing  ( g o  t o  s t e p  4 )  

For no f l i g h t  p lann ing  

go t o  s t e p  5 

D- 3 

over la^ % 

AGL 

Y 

N 

(R/S) 

(R/S) 

(R/S) 

( R/S ) 

( q / s )  

(R/S) 

(R/S) 

AGL ? 

F09 COVER4GE= 

LAT COVERAGE= 

I NV= 

FL PLAN Y / M  

AGL FT ? 

SPEED KNTS ? 

...- 



Progra Listings 

Ei+t .Gt  =?OD- 
82 F I X  0 
c3 G# 
84 *'$EFT \'/HA 
85 PZ'EFT 
66 Cl?FF 
I37 QSlC X 
@$ - y m  
e4 RSTfi ti' 
18 X'=Y? 
1: CT!:! 06 
i z  67 
IT4LPL 06 
! 4  ROh' 
15  -VERj;C& C;k,* 
iC PSE 
17 t@FC 
1P, 9cF; 
1 9  'STEREO ? Y/Nm 
28 PRO$!??' 
21 i)OFF 
22 RST:! i.: 
23 u y -  

24 gSTO 'i 
25 X=Y? 
26 CTO 85 
27 .8  
28 ST0 85 
29 GT@ 88 
3ir*LBL 85 
31 .4 
32 sri; 8s 
33*iEi 88 
24 CF 22 
25 'RCL FT ? =  
36 PRcfiFr 
37 FS? 22 
3s CT? 69 
34 ' S C f l L E  1: 7" 

49 PROHPT 
41 S T 0  07 
42 '26247 
43 * 
44 STG 66 
45 GTO 10 
4 6 * L B 1  09 
47 STO 86 
48 ,26247 
49 
58 S T 0  97 -.,--_ . . -- 

S l t L B L  10 
52 . f lG' -' 

L- 

53 FIRC! 06 
54 '1 FT' 
5: PROHPT 
56 'SCRLE I." 
5 i  RRCL 07 
52 PROPIP; 
59 'SPEED KNTS 3' 

66 F!X 1 
6 :  P P W P T  
62 11% 
63 RZ: 85 
54 * 
65 Rit 96 
66 * 
6; ,42267 
66 t 

69 'IHY=" 
72 QRCL ;: 
71 -I- SECq 
?i PROQPT 
73 FIX 0 
74 i10d 
75 'COVEPRGE Y/Nm 
76 PROPIP' 
77 &IFF 
78 QSTO X 
i 9  'Y' 
88 QSTO Y 
81 X=Y? 
82 XEci 11 
83 ,888282879 
8d ST@ 07 
85 kOE; 
66 'FL Piflrl Y/N= 
57 PPonP; 
88 RO'F 
69 (15T11 X 
90 -Y' 
9 1  RSTCi Y 
92 X=Y? 
93 XE8 80 
94 XEQ 06 
9 5 4 L B L  I 1  
96 FIX 2 
97 .88Q135253 
9 8  RCL 86 
9 9  * 

1efJ RCL 85 &;. 

I 



:6: * 
id' "F(;F':" 
18: CCRCL ; 
184  '1 MI" 
185 PROHPT 
16t .880812313 
1%' RCL 06 
I @ ,:, * 
L - 
183 'LRT=% 
i le  FtRCi );' 

i!: 't # I "  
! 12 PROM- 
! i 3  RTN 
1 !*+ceL 00 
;15 1.1 
i l i :  ST? 00 
i i 7  CF 22 
!!E 'RGL FT ?-  
i l ?  XEQ 04 
126 'FL DlST 61 ?' 
121 XEB 84 
I?? 'FT OF FILX 7 -  

123 XEQ 04 
124 XEB I N 2  84 
!15 CTO 12 
126tiBL 0f 
:?7 PROYPT 
128 ST0 !M 80 
124 RCL 00 
!3e FC?C 22 
13: ST0 $4 
l3? ISC 08 
123 RTti' 
124*Lb? 01 
I :'5 RCL 82 
126 RCL 93 
i37 ./ 
i38 RCL 47 
;:y / 

i48 RCL BS 
i itl 
142 ST0 81 
142 RTN 
144tLBL C2 
142 RCL 91 
146 RCL 63 
147 t 
142 PCL 67 

(Z< 
id' t 

152 EXTO rJ2 
153 RiN 
154*LEL 83 
155 2CL 62 
156 4CL 91 
157 / 
158 PCL 67 
154 / 
166 RCL 05 
161 
162 ST0 e3 
16? RTb 
1644~Bi 12 
165 F i x  0 
166 'B!lL=' 
162 RiiCL 81 
I 6 7  -k FT" 
169 PROKFT 
l i b  FIX 1 
171 "FL DIST=' 
172 QRCC 82 
173 '1- ti lg 
174 PRORPT 
175 FIX 8 
176 'F i  FILH=' 
177 RRCL 03 
178 PROEPT 
174 CTO 86 
18B+LBI 97 
181 RON 
182 "OBLIOUE CFIK." .. . 
!63 F'SE 
184 ROFF 
IS5 'SPEEB KHTS '?' 

;a6 FROIFPI' 
IS; ST? 91 
111 -% OYERLRP ? -  
189 PROHtji 
190 108 
1% / 

152 CHS 
153 ! 
194 + 

1% ':TO 85 
196 'RCL F? 7. 

197 FROPIPT 
192 FIX 2 
1Q9 ST0 8@ 

-266 . 8 8 @ 3 1  
- - 



Progra Listings 

269 867 
218 / 60 

211 'IflT=" 
212 flRCL X 

1 213 'k # I '  
214 F'ROHPT 
215 PDN 
216 3125 
2i7 * 
218 RCL $I 
219 / 
228 FIX' f 70 
221 *IVOL RT " 

222 1 
223 PCL 05 
224 - 
225 108 
226 * 
22; RRCl X 
228 ' kX=*  
229 F)RCL \' 
238 'I- SEC' 1 
231 PROK?i I 

232 ,808465 . . 
223 ST0 97 
234 FtON 
235 'FT PLQH Y/HF 
236 PROHPT 
237 ROFF 
23e gSTO X 
239 -t" 
248 RSTO Y 
241 X=Y? 
242 XEQ 88 
243 XEQ 07 
244 EHD 



E X H I B I T  E 

G u i d e  t o  F i l m  L o a d i n g  a n d  Download ing  ( i n c l u d e s  t h e  
F i l m  D a t a  S h e e t ) .  



Film Loading 

1. Take camera into the darkroom 

2. Place camera on i t s  back. 

3. Unfasten protective cover, a s  necessary. 

4. Unfasten the s ix  latches and remove camera cover. 

5. Place empty film core on supply side and turn clockwise one or two turns 
to free drag brake. Repeat on takeup side, except turn counterclockwise 
(Figure 1). 

6 .  Remove fi lm from canis ter .  With scissors ,  cut leading edge and curl edge 
of film. 

7. Install  f i lm on supply s ide (Figure 1).  

8. Lift  lever lock on metering r o l l e r  knob to allow metering ro l l e r  t o  turn 
f ree  of the drive mechanism. 

9.  Position film f l a t  against curved l ight  shield and up against s t r i p  as 
shown in figure,  and feed leading edge of film between pressure ro l le r  
and meteri ng ro l l  er (Figure 2 ) .  

Note: Metering r o l l e r  knob cannot be turned clockwise. Once film 
has passed between pressure and metering ro l le rs ,  i t  cannot be 
retrieved. 

10. Turn  metering r o l l e r  knob enough t o  grab leading edge of film. 

11. Check tha t  film is up against s t r ip .  Apply l ight  pressure on film along 
curved shield and continue turning metering r o l l e r  knob. Ensure film 
enters fi lm path s t ra ight .  

Note: Check tha t  fi lm does not ex i t  between metering r o l l e r  and 
l ight  baffle.  

12. Continue turning metering r o l l e r  knob unti 1 film advances between 
pressure ro l l e r  and metering r o l l e r  and ex i t s  out between id l e r  ro l l e r  
and film chute. If film does not ex i t  a f t e r  four or  f ive  turns of the 
metering r o l l e r  knob, stop and check f o r  fi lm jam. 

13. Thread film around takeup spool. Use small piece of tape t o  secure film 
to  spool. 

14. Turn  metering knob t o  take up fi lm slack. 

15. Engage metering r o l l e r  1 ever 1 ock by f 1 ipping lever t o  locking mode and 
turning supply spool counterclockwise unt i l  lever f a l l s  in to  locking s lo t .  

16. Reinstall f ront  camera cover. Make sure cover i s  properly seated. 
Secure the s ix  latches. 



F i l m  Downloading 

1. Take camera i n t o  darkroom. 

2. Disengage t h e  s i x  la tches  f o r  cover. 

3. Remove cover. 

4. Remove f i l m  and s t o r e  i n  l i g h t - p r o o f  conta iner .  

5. R e i n s t a l l  cover. 

Note: Exposed p o r t i o n s  of f i l m  can be removed by p r o v i d i n g  power t o  
camera and adding f i v e  e x t r a  frames ( l eade r )  t o  exposed p o r t i o n  of 
f i l m  ( takeup r o l l ) .  Cut f i l m  near takeup spool. Remove exposed 
f i l m .  P o s i t i o n  new takup spool. Secure f i l m  t o  spool. 



1 .  S P O O L ,  F I L M  

2. LEVER L O C K  

3. K N O B  

4 .  STRIP 

5 .  ROLLER, A C C U M U L A T O R  

FIGURE 1 



1 .  STRIP 

2 .  ROLLER, IDLER 

3 .  C H U T E  

4 .  C O R E ,  T A K E U P  

5 .  BAFFLE 

6 .  ROLLER, PRESSURE 

7. ROLLER, M E T E R I N G  

8 .  ROLLER, A C C U M U L A T O R  

FIGURE 2 



FILM DATA SHEET 

1 )  FILM TYPE: 2448 - 2443 - 2405 - 2402 - 2412 - OTHER 

2 )  APPROXIMATE FOOTAGE ' DATE FLOWN 

3 )  KNOWN DAMAGE TO FILM 

4 )  NAME, SHIPPING ADDRESS AND PHONE NUMBER 

FILM DATA SHEET 

1 )  FILM TYPE: 2448 - 2443 - 2405 - 2402 - 2412 - OTHER 

2 )  APPROXIMATE FOOTAGE DATE FLOWN 

3 )  KNOWN DAMAGE TO FILM 

4 )  NAME, SHIPPING ADDRESS AND PHONE NUMBER 



EXHIBIT F 

E n v i r o p o d  A e r i a l  F i l m  E x p o s u r e  C h a r t s  ( d e r i v e d  
f r o m  f i e l d  d a t a  o b t a i n e d  by C R S C ) .  



LATITUDE 30° 

JUNE 21 

JULY G/J!J:!E 6 

JULY 21/YAY 22 

AUG 5/MAY 7 

AUG 20/AP2 22 

SEPT 5/APR 6 

SEPT 29/MAR 22 

OCT 5/!1AP\ 7 

OCT 20/FEB 2f-I 

NOV 4/FEB 5 

NOV 20/JA!i 20 

DEC 5/JAN 5 

DEC 2 1  

(SOLAR ALTITUDE I N  DEGREES) 

Natural Color and Color In f r a r ed  Film 
( f - s t o p  a t  "AGL") 

So la r  10,000' 5,000' 2,000' 
A1 t i  tude  AGL AGL AGL 

NOTE: S o l a r  a1 t i t u d e  i s  d e r i v e d  f rom t h e  graph corresponding t o  t ime  
o f  y e a r  and t ime o f  day. The f - s t o p  i s  then  se lec ted  f rom t h e  accompanying 
t a b l e  accord ing  t o  s o l a r  a1 t i t u d e ,  AGL, and t~vpe  o f  f i l m .  



JUNE 2 1  

JULY  G/J!!I!E 6 

JULY  21/r lAY 22 

AUG 5/MAY 7 

AUG 2 9 / A P 4  2 2  

SEPT 5/APR 6 

SEPT 20/MAR 22 

OCT 5/!1A!? 7 

OCT 20 /FEB  2Cl 

NOV 4 /FEB 5 

NOV 20/JF!! 20 

DEC 5 / JAN  5 

DEC 21  

LATITUDE 4 0 s  

1 Q 2 0 3C) 40 51) 

(SOLAR ALT ITUDE I N  DEGREES) 

Natural Color and Color I n f r a r e d  Film 
( f - s t o p  a t  " A G L " )  

s o l a r  10 ,000 '  5 ,000 '  2 ,000 '  
A1 t i  t u d e  AGL AGL AG L 

NOTE: S o l a r  a1 t i  t u d e  i s  d e r i v e d  from t h e  graph cor responding  t o  t ime  
o f  y e a r  and t ime o f  day.  The f - s t o p  i s  then s e l e c t e d  from t h e  accompanying 
t a b l e  accord ing  t o  s o l a r  a1 t i t u d e ,  a n d  AGL. 



LATITUDE 50" 

JUNE 2 1  

JULY G/J!l!lE 6 

JULY 21/YAY 2 2  

AUG 5IMAY 7 

AUG 29/AP? 2 2  

SEPT 5/APR 6 

SEPT 2D/!lAR 22 

OCT 5/!1AP, 7 

OCT 20/FEB 2fl 

NOV 4/FEB 5 

NOV 20/J!!!i 20 

DEC 5 /JAN 5 

DEC 21  
10 2 o 30 4 o 5 0 7 n 

(SOLAR ALTITUDE I N  DEGREES) 

Natural Color and Color Inf ra red  Film 
( f - s t o p  a t  "AGL")  

Solar  10,000'  5,000'  2,000'  
A1 t i  tude AGL AG L AG L 

NOTE: S o l a r  a l t i t u d e  i s  der ived from the  graph corresponding t o  t ime 
of yea r  and time of day. The f - s t o p  i s  then s e l e c t e d  from the  accompanying 
t a b l e  according t o  s o l a r  a1 t i  t ude ,  and AGL. 



EXHIBIT G 

Checklist for the Installation and Removal of the 
Envi ropod Aeri a1 Photographic Sys tern. 



CHECKLIST FOR THE INSTALLATION AND REMOVAL 
OF THE ENVIROPOD AERIAL P H O T O G W H I C  SYSTEM 

A. GENERAL. 

1. no smoking will be permitted during any of the activities 
outlined in the checklist. 

2. -- a minimum of two persons will be required for participation 
in the activities outlined in the checklist. 

3 .  a mechanic's creeper is required for all activities outlined 
in the checklist as these are related to the actual installa- 
tion and removal of the Enviropod Aerial Photographic System. 
The creeper will have a foam rubber padding to elevate.the 
system to the fuselage of the aircraft and to protect the 
system during its lowering from the fuselage of the aircraft. 

B. TOOL KIT. 

1. a compartmented and appropriately labelled tool kit is required 
for all activities listed in the checklist, said tool kit to 
include, at a minimum, the following: 

o stop watch to confirm accuracy of intervalometer settings. 

o portable, hand-held, battery-operated vacuum cleaner. 

o flashlight. 

o hand level. 

o optical quality lens cleaning tissues and fluid. 

o angled inspection mirror. 

o cheesecloth wipers. 

o steel tape measure. 

o roll of 2-inch wide duct tape. 

o roll of double-stick scotch tape. 

o small first-aid kit. 

o needlenose pliers with wire cutting element. 

o 7116th-inch socket wrench. 

o 3/8th-inch socket wrench. 



o 118th-inch combination wrench. 

o 10-inch common screwdr iver .  

o 6-inch P h i l l i p s  sc rewdr iver .  

o 114-inch r a t c h e t  w i t h  6-inch ex tens ion .  

o 3/32nd-inch p in  t o  t u r n  turnbuckles .  

C. BATTERY CHARGER UTILIZATION. 

1. connect b a t t e r y  charger  p lugs  3.nd l e a d s  a s  r equ i r ed ,  red-to-red 
( p o s i t i v e )  and black-to-black (negat ive)  . 

2. engage. jumper w i re s .  

3 .  plug charger  i n t o  100-volt o u t l e t .  

4 .  t u r n  t o g g l e  swi tch  "on". 

5. check s e c u r i t y  of leads .  

6. r ed  l i g h t  on means cha rge r  is  "on,: f l a s h i n g  green  l i g h t s  
mean charger  i s  "charging," and when both  green  l i g h t s  are 
on, b u t  no t  f l a s h i n g ,  t h e  "charge is complete." 

7. a f t e r  f u l l  charge,  p u l l  c i r c u i t  breakers .  

D. AIRCRAFT PREPARATION. 

1. check the  s e a t  back r e t a i n e r  screws, i f  t h e s e  a r e  l oca t ed  on 
t h e  o u t s i d e  s e a t  ra i ls ,  move them t o  t h e  i n s i d e  seat rails.  

2. push t h e  s e a t s  t o  t h e  rearward p o s i t i o n ;  i n s t a l l  t h e  forward 
s t r a p s  on t h e  s e a t  r a i l s  so  t h a t  t h e  l ead ing  edge of each 
forward s t r a p  i s  midway  b e t w e e n  t h e  c u r v e  o f  t h e  d o o r  s i l l  a n d  

t h e  f i r s t  r i v e t ;  t i g h t e n  t h e  s t r a p  b o l t s  a n d  p l a t e s  t o  
a p p r o x i m a t e l y  4 0 - i n c h / p o u n d s .  

3. push t h e  s e a t s  t o  t h e  forward p o s i t i o n ;  i n s t a l l  t h e  r e a r  s t r a p s  
on t h e  s e a t  rails s o  t h a t  t h e  t r a i l i n g  edge of each s t r a p  is 
pos i t i oned  d i r e c t l y  over  t he  f r o n t  edge of t h e  last  s e a t  r a i l  
r e t a i n e r  screw hole .  Unlike t h e  forward s t r a p s ,  l e a v e  t h e  r e a r  
s t r a p s  l oose  t o  f a c i l i t a t e  f i n a l  adjustment  and spacing f o r  t h e  
pod a t  tachmen t . 

E. ENVIROPOD PREPARATION. 

1. remove t h e  Enviropod and a l l  r e l a t e d  equipment from t h e  t r a n s p o r t  
v e h i c l e  and p l ace  them on t h e  ground near  t h e  c r eepe r  and on t h e  
p i l o t ' s  s i d e  of t h e  a i r c r a f t .  



2: remove the fou r  "T-lock" toggles  from the  t o o l  k i t  and j o i n  the  
I t  I1  A and "R" pod s e c t i o n s .  

3. p lace  the now joined s e c t i o n s  on the  c reeper  and i n  normal posi-  
t i o n .  

4. b o l t  t he  f o u r  turnbuckle  hinge assemblies  t o  t h e  hinge mounts on 
t h e  s i d e s  of t he  s e c t i o n s ,  ensuring t h a t  a l l  nu t s  a r e  a f t ;  
t i g h t e n  snugly but  do n o t  f o r c e  these .  

5. remove t h e  pod s e c t i o n  covers  by removing t h e  four  screws from 
each s e c t i o n ,  t h e s e  a r e  spr ing  t ens ion  screws and a r e  to  be 
snapped then turned;  s t o r e  t hese  screws and washers i n  the  t o o l  
k i t .  

6 .  remove a l l  l o o s e  equipment from t h e  pod s e c t i o n s  a n d ' p l a c e  nearby 
on t h e  ground. 

7. t u r n  t h e  pod on i t s  s i d e  and remove t h e  camera window cover  p l a t e s ;  
i n s p e c t  t h e  windows and ,  i f  r equ i r ed ,  c l e a n  i n s i d e  and o u t  us ing  
l e n s  t i s s u e s  and f l u i d , r e t u r n  t o  normal p o s i t i o n  on pod. 

8. remove t h e  b a t t e r y  jumper w i r e s  from t h e  f r o n t  camera sec.t ion and 
run  t h e s e  t o  t h e  t e rmina l s ,  being c e r t a i n  t o  a t t a c h  black-to-black 
and red-to-red. 

9. remove the  ob l ique  and v e r t i c a l  cameras from t h e i r  r e s p e c t i v e  cases ,  
p l a c e  the  cameras on top  of  t h e  ca se ,  n o t  on t h e  ground; no te  t h a t  
t h e  mounting b r a c k e t s  f o r  t h e  v e r t i c a l  camera a r e  i n  p l a c e  w h i l e  
t hose  f o r  t h e  o b l i q u e  camera a r e  s t o r e d  i n  t h e  t o o l  k i t  and must 
be  a t t ached .  

10. w i t h  t h e  .25-inch No. 28 b o l t s  provided, a t t a c h  t h e  ob l ique  mounts 
t o  t h e  ob l ique  camera always observing t h e  l i ne -o f - f l i gh t  d i r e c t i o n a l  
arrow on t h e  camera. 

11. connect t h e  v e r t i c a l  and ob l ique  camera c o n t r d l  cab le s .  

12. connec t  t h e  i n t e r v a l o m e t e r  r i b b o n  l i n e  f r o m  t h e  pod t o  t h e  
i n t e r v a l o m e t e r .  

13. a c t i v a t e  t h e  e l e c t r i c a l  system by engaging t h e  c i r c u i t  b reakers .  

14. a d j u s t ,  on both  cameras, t h e  £ / s t o p s  as r equ i r ed  and s e t  the  i n t e r -  
valometer  mode swi t ches  t o  "autocycle" d i s r e g a r d i n g  t h e  c y c l  e  r a t e  
s w i t c h ;  i n s t a l l  s e l e c t e d  f i l t e r  f o r  camera w i t h  I R  f i l m ,  i f  any.  

15. t u r n  t h e  in t e rva lome te r  t o  "on", check t h e  cyc l ing  t i m e  w i th  t h e  
stopwatch, s e t  w i t h  d i a l  and lock;  c y c l e  two t e s t  f rames on each 
camera and then  r e s e t  frame counter  t o  zero;  a d j u s t  i f  r equ i r ed  
and then  check t h e  " e x t r a "  p i c t u r e  s w i t c h  ( r e d  b u t t o n  on i n t e r -  
v a l o m e t e r ) ;  I f  t h e  i n t e r v a l o m e t e r  c y c l e  o r  t h e  " e x t r a "  p i c t u r e  
s w i t c h  do n o t  f u n c t i o n  p r o p e r l y ,  check a l l  l i n e s  t o  t h e  power 
source.  



16. i f  a l l  systems check o u t ,  i n s t a l l  the  cameras i n  t h e i r  r e spec t ive  
pods., being c e r t a i n  t h a t  they a r e  mounted c o r r e c t l y  i n  r e l a t i o n  
t o  t he  l i n e - o f - f l i g h t  d i r e c t i o n a l  arrows; s e t  t he  r e t a i n i n g  screws 
t o  s e c u r e  t h e  cameras. 

17. d i sconnect  t h e  in t e rva lome te r  and p lace  i t  on the  r i g h t  f r o n t  s e a t  
of t h e  a i r c r a f t ;  a t  t h i s  time be c e r t a i n  t h a t  t h e  ribbon l i n e  re -  
n a i n s  o u t s i d e  of t h e  pod s e c t i o n .  

F.  ENVIROPOD ATTACHMENT. 

1. r o l l  t h e  c r eepe r ,  w i t h  completed pod system mounted on i t ,  t o  a 
p o s i t i o n  under t he  a i r c r a f t  fu se l age ;  a l i g n  t h e  pod so  t h a t  t h e  
forward l i p  i s  approximately 7-inches forward of the  fuse l age  
s k i n  l i n e  a t  the  wing s t r u t ;  a l i g n  the pod along the  cen te r  l i n e  
of t h e  a i r c r a f t  us ing  t h e  nose wheel s t r u t  a s  a r e fe rence .  

2. i n s t a l l  t h e  f r o n t - l e f t  and f r o n t - r i g h t  tu rnbuckles ;  completely 
remove t h e  b o l t  b a r r e l  by a l i g n i n g  i t  wi th  the  s txap  b o l t  and 
then t u r n  t h e  b a r r e l s -  u n t i l  s e v e r a l  th reads  a r e  exposed a t  
t h e  top ;  i f  r equ i r ed  use  the. 3/32-inch p i n  t o  t u r n  t h e  turnbuckles  
but  a lways f u l l y i n s e r t  the p i n  t o  prevent i t s  bending o r  shear ing;  
t h e  annu la r  groove of t he  turnbuckle should be a t  t h e  bottom. 

3. i n s t a l l  t h e  r e a r - l e f t  and r e a r - r i g h t  turnbuckles  us ing  t h e  same 
procedure o u t l i n e d  above; a l t e r n a t e l y  t i g h t e n  a l l  fou r  turn- 
buckles  i n  o r d e r  t o  s e c u r e  t h e  pod t o  t h e  f u s e l a g e  w i t h  
minimum d i f f e r e n t i a l  s t r e s s .  

4. a l i g n  t h e  turnbuckles  s o  t h a t  t h e  grooves i n  t h e  th reads  are i n  
l i n e  w i t h  t h e  b a r r e l s  i n  o r d e r  t o  admit t h e  w i r e  s a f e t y  c l i p s .  

5. i n s t a l l  t h e  s a f e t y  c l i p s  i n  t h e  strapward end of each turnbuckle 
b a r r e l  and snap t h e s e  i n t o  . t he  h o l e  i n  t h e  c e n t e r  of each b a r r e l ;  
do n o t  f o r c e  t h e  c l i p s  i n t o  p lace .  

6 .  w i t h  t h e  pod secured  and a l igned ,  t i g h t e n  t h e  rearward s t r a p s  and 
p l a t e s  which were e a r l i e r  l e f t  l o o s e  ( s e e  D. 3 . ,  above).  

7. t a p e  t h e  door s i l l  w i t h  f i v e  p i eces  of duc t  t ape  a t  the  a f t  posi- 
t i o n  of  t h e  f r o n t  s t r a p  (cushioning t a p e ) ;  then  t a p e  t h e  r ibbon 
l i n e  of t h e  in t e rva lome te r  t o  t h e  fuse l age  and over  t he  cushioning 
t a p e  on t h e  door  si l l ;  add t h r e e  p ieces  of t ape  t o  t h e  r ibbon l i n e  
(chaf ing  prevent ion  t a p e ) .  

8. r e p e a t  t h e  camera ope ra t ing  t e s t  from t h e  r i g h t  f r o n t  s e a t  o f  t h e  
a i r c r a f t  ( s e e  E. 14-16., above).  

9. stow a l l  l o o s e  equipment a s  app ropr i a t e  i n  the t o o l  k i t  o r  t r a n s p o r t  
v e h i c l e  and remove t h e  c reepe r .  



G. PREFLIGHT CHECKS. 

1. check t o  confirm c o r r e c t  pos i t i on ing ,  alignment and c learance  
of t h e  Enviropod, t h e  l a t t e r  not  t o  be l e s s  than 4 inches from 
t h e  ground. 

2. check t o  confirm t h e  p o s i t i o n i n g  and s e c u r i t y  of s t r a p s ,  turn- 
buckles  and s a f e t y  c l i p s .  

3. confirm tha t  the p i l o t  has the Supplemental Type Cer t i f i ca te  
( s T c )  o n  board; using double-stick tape ,  a t tach placards a and 
b (See Exhibit A . )  to the a i r c r a f t  instrument panel adjacent 
to the airspeed ind ica to r .  

4. confirm t h a t  p r e f l i g h t  maintenance records  i n  gene ra l  and engine 
hour ope ra t ion  count  spec i f i c a l l y ,  have been made; make pre- 
f l i g h t  e n t r i e s  i n  both  t h e  f l i g h t  l og  and the  photo log .  

5. before departure, press the  "extra" picture switch (red button) 
f o r  each camera/intervalometer t o  ensure t h a t  the power source, 
a l l  l i n e s ,  and the  camera/s a r e  functioning Groperly, i t  may be 
des i rable  to  engage the intervalometer for  one o r  two frames as 
a f ina l  check on each camera; r e s e t  counter t o  zero. 

H. ENVIROPOD REMOVAL. 

1. a f t e r  t h e  a i r c r a f t  h a s  come t o  a  f u l l  s t o p  and t h e  engine is  
s h u t  down, i n i t i a t e  removal of t h e  Enviropod. 

2. c y c l e  t h e  cameras through t h r e e  exposures i n  o r d e r  t o  provide  
a film t r a i l e r  and to  f a c i l i t a t e  f i lm handling with minimum r i sk  
of exposure. 

3. p l a c e  t h e  t o o l  k i t  and c r e e p e r  uader  t h e  pod. 

4 .  remove t a p e  a t t a c h i n g  t h e  in t e rva lome te r  r i bbon  l i n e  c o n t r o l  
c a b l e  t o  t h e  f u s e l a g e  and remove a l l  duc t  t a p e  padding and 
cushioning.  

5. d i sconnec t  and remove t h e  in t en ra lome te r  from t h e  r i g h t - f r o n t  
s e a t  and p l a c e  i t  i n  i t s  s t o r a g e  c a s e  w i t h  t h e  b a t t e r y  charger .  

6 .  remove s a f e t y  c l i p s  from turnbuckle  and p l a c e  t h e s e  i n  t h e  t o o l  
k i t .  

7. back a l l  turnbuckles  o f f  one h a l f  length.  

8. completely disengage t h e  turnbuckles ,  f i r s t  t h e  two on t h e  l e f t  
s i d e  of t h e  pod, then  t h e  two on t h e  r i g h t  s i d e  of t h e  pod; 
t h i s  sequence w i l l  minimize s t r e s s  on the  s t r a p s .  

9. lower pod t o  t h e  c r e e p e r ,  r o l l  t he  c r eepe r  away from the  a i r c r a f t ;  
d i sconnect  t h e  b a t t e r y  jumper w i r e s  and d e a c t i v a t e  t h e  system by 
p u l l i n g  t h e  c i r c u i t  b reakers .  



10. remove t h e  cameras from t h e  pod s e c t i o n s ,  remove obl ique mount 
b racke t s  and s t o r e  t h e s e  i n  t he  t o o l  k i t ;  p l ace  each camera i n  
i t s  r e s p e c t i v e  case .  

11. p l a c e  a l l  l oose  equipment i n  t h e  forward pod s e c t i o n ,  o r  a s  
a p p r o p r i a t e  t o  s i z e  i n  t h e  t o o l  k i t .  

12. t u r n  t h e  pod on i t s  s i d e  on t h e  c r e e p e r  and i n s p e c t  the  camera 
windows and, i f  r e q u i r e d ,  c l e a n  them; r e p l a c e  window cover p l a t e s .  

13. t u r n  pod u p r i g h t ,  r e p l a c e  p r o t e c t i v e  pads; disengage the  four  
T-bol ts  and p l a c e  t h e s e  i n  t h e  t o o l  k i t .  

14. r e p l a c e  pod covers  on t h e i r  r e s p e c t i v e  s e c t i o n s .  

I. POSTJ?LIGHT CHECKS. 

1. ensu re  t h a t  t h e  p i l o t  h a s  removed t h e  two p l aca rds  from t h e  
ins t rument  pane l  and has  t h e  STC i n  h i s  possess ion .  

2. conf i rm t h e  photo and f l i g h t  l o g  e n t r i e s  w i t h  t h e  p i l o t ;  con- 
from t h a t  t h e  a p p r o p r i a t e  maintenance record  e n t r i e s  have been 
made. 




