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ABSTRACT 

Frequency and loading of fuel components calculated from 
photogrammetric and ground.measurements were compared to assess 
the reliability of low-level 70-mm photography for slash fuel 
inventory. Although estimates of total fuel loading and number 
of components were less from photogrammetric data than from 
ground measurements, they were more consistent. The technique 
offers further advantages in speed and opportunity for re- 
inventory but is limited to fresh, unilayered fuel complexes. 

Cornparaison desvaleursde l'abondance et de la densit6 
des matisres combustibles obtenues par photogrammdtrie et 
mensuration au sol pour d6terminer la fiabilit6 de la photo- 
graphie 70 mm B faible altitude come technique dt6valuation 
des combustibles de d6chet. Sup6riordt6 qualitative des 
donn6es photogramm6triques, nonobstant ltinf6riorit6 quanti- 
tative des estimations ainsi obtenues par rapport aux mesures 
effectu6es au sol. Autres avantages de cette technique au 
point de vue rapidit6 et opportunit6 de r66valuation. Incon- 
v6nient: limitation aux matisres combustibles vertes et 
unis6riEes. 
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S L A S H  FUEL INVENTORIES FROM 7 0 - M M  

LOW-LEVEL PHOTOGRAPHY 

INTRODUCTION 

Recent developments i n  t h e  use  of low-level 70-mm a e r i a l  photo- 
graphy (Lyons 1964, 1967) and t h e  p o s s i b i l i t y  of i n t e r f a c i n g  photogrammetric 
equipment w i th  d a t a  processors  enhance t h e s e  techniques f o r  f u e l  inventory.  
The main advantage of u s ing  low-level photography f o r  f u e l  inventory  is 
t h a t  measurements a r e  obtained quick ly  and c o n s i s t e n t l y ,  minimizing human 
e r r o r .  

The purpose of t h i s  s tudy  w a s  t o  determine i f  photogrammetric 
techniques are a r e l i a b l e  method of desc r ib ing  t h e  s l a s h - f u e l  complex 
r e s u l t i n g  from r e c e n t  c lear -cu t  logging ope ra t  ions.  S p e c i f i c a l l y  , t h e  
o b j e c t i v e s  were 

1. To compare ground and photographic measurements o f :  

( a )  number of f u e l  components by diameter  c l a s s ,  
(b)  f u e l  loading  by diameter  c l a s s ,  
(c)  t h e  d iameters  of s p e c i f i c  f u e l  components, 
(d)  t h e  h e i g h t  above ground of s p e c i f i c  f u e l  components. 

2. To determine t h e  minimum s i z e  of f u e l  components t h a t  can be 
recognized on t h e  photographs and t o  determine a l t e r n a t i v e  
p r a c t i c a l  means of a s s e s s i n g  smaller f u e l  components. 

3 .  To e v a l u a t e ,  i n  gene ra l  t e r m s ,  e r r o r s  i n  assessment r e s u l t i n g  
from f u e l  arrangements.  

PROCEDURE 

F i e l d  techniques  

Twenty-four p l o t s  were loca t ed  i n  s l a s h  r e s u l t i n g  from c l e a r -  
c u t t i n g  s t ands  of t h r i f t y  Douglas-fir  (Pseudotsuga menz ie s i i  (Mirb.) Franco) 
and western hemlock (Tsuga heterophyZZa (Raf.) Sarg . ) .  Each p l o t  cons i s t ed  
of t h r e e  semi-permanent b a s e l i n e s  r a d i a t i n g  from numbered p l o t  c e n t e r s  a t  
120" i n t e r v a l s  (Fig. 1 ) .  Fue l  components i n t e r s e c t i n g  each b a s e l i n e  w e r e  

' . ~ e s e a r c h  S c i e n t i s t ,  Department of  F i s h e r i e s  and Fores t ry ,  Canadian Fores t ry  
Se rv i ce ,  V i c t o r i a ,  B. C . 



Figure I .  Plot 3 - Logging sZash porn cat-skidding operation. 
Loading: Ground. - 15.75 Zb./ft2; photo - 8.09 Zb./ft2, 

Plot 4 - Logging slash from cat-skidding operation. 
Loading: Ground -W lb  . / f t2;  Photo - -9;-86 Zb . / f t 2 .  

413f 3. C L  
PZot 18 - Logging slash from high-lead skidding operation. 

Loading: Ground - 5.45 Zb./ft2; Photo - 4.06 lb . / f t2 .  

PZot 23 - Logging slash from high-lead skidding operation. 
Loading: Ground - 11.48 Zb./ft2; Photo - 9.39 Zb./ft2. 



independently counted by t h r e e  ope ra to r s ,  according t o  t h e  technique des- 
c r ibed  by Van Wagner (1965). Fuels  l a r g e r  than 1 .0  inches were counted 
along 10 f t  of each b a s e l i n e  and those of l e s s e r  diameter  along 2 f t  of each 
base l ine .  Three f u e l  components on each base l ine  were marked by 3 x 5-inch 
whi te  ca rds  tacked t o  t h e i r  upper su r faces .  The diameter ,  t o  t h e  n e a r e s t  
0 . 1  inch ,  and t h e  v e r t i c a l  d i s t a n c e  from t h e  ground t o  t h e  upper s u r f a c e  of 
each marked f u e l  component t o  t h e  n e a r e s t  1 inch ,  were measured and recorded. 

The p l o t s  were l a t e r  photographed from h e i g h t s  of approximately 
100, 250 and 400 f t  by two simultaneously a c t i v a t e d  70-mm cameras mounted on 
a h e l i c o p t e r  (Lyons 1967). Enlarged p r i n t s  were made, and t h e  ends of each 
10-ft  i n t e r s e c t  l i n e  were v e r i f i e d  on t h e  ground and marked on t h e  p r i n t .  

Photogrammetric techniques 

I n  t h e  l abora to ry ,  measurements of t h e  f u e l  complex were made from 
d i a p o s i t i v e s  t o  maximize r e so lu t ion .  Inspec t ion  showed t h a t  photographs 
taken from 100 f t  were most s u i t a b l e  f o r  t h e  intended measurements. Three 
photogrammetric techniques w e r e  t e s t e d  f o r  measuring t h e  gene ra l  f u e l  
complex : 

( a )  d i r e c t  measurement us ing  a co l l ima to r  l e n s ,  
(b) p r o j e c t i o n  of d i a p o s i t i v e s ,  
( c )  d i r e c t  measurements us ing  a modified Addo X model 353 t r e e  r i n g  

ana lyse r  (Fig. 2 ) .  

Figwe 2.  Addo X tree ring 
anaZyser modified for photo- 
g r m e t r i c  measurements. 



VERTICAL HAIR 

Figure 3. Schematic representation of measuring randomZy oriented fuel 
components. 

The modified Addo X was supe r io r  f o r  measuring randomly o r i en ted  
f u e l  components i f  t he  est imated length of l i n e  Al3 (Fig. 3) was measured 
t o  avoid t h e  d i s c o n t i n u i t y  r e s u l t i n g  from alignment of t h e  c r o s s  h a i r  with 
l i ne .  AB1. Using t h i s  technique,  t h r e e  opera tors  independently measured t h e  
diameter of each f u e l  component i n t e r s e c t i n g  t h e  same base l ines  used f o r  
t he  ground measurements. 

The diameters  of 216 marked f u e l  components were measured wi th  
the  co l l ima to r  l e n s ;  i n  a d d i t i o n ,  t h e  diameters  and he igh t s  of 90 components 
on 10 p l o t s  were measured wi th  a Wilde A40 P l o t t e r .  Re l i ab le  measurements 
of f u e l  he igh t  could not  be obtained with an Abrams he ight - f inder .  



ANALYSIS A N D  RESULTS 

Fuel  d i s t r  i b u t  ion  and load i n q  

The measurements of t h e  t h r e e  ground ope ra to r s  a n d d h e  t h r e e  Addo 
X o p e r a t o r s  were programmed f o r  computer a n a l y s i s  t o  provide:  

( a )  number of f u e l  components i n  each diameter  c l a s s  by opera tor  and 
method, 

(b) f u e l  loading ( l b .  /f t 2 )  i n  each diameter  c l a s s  by ope ra to r  and 
method, 

(c )  a test of t h e  d i f f e r e n c e  i n  f u e l  loading c a l c u l a t e d  from ground 
and photographic measurements. 

Table 1 shows t h e  mean number, mean loading  and s tandard  devia-  
t i o n s  t oge the r  wi th  method and diameter  c l a s s .  Standard d e v i a t i o n s  of 
frequency from t h e  Addo .X measurements were l e s s  than  f o r  t he  ground mea- 
surements i n  a l l  diameter c l a s s e s  except  t h e  6- and 8-inch c l a s s .  Except 
f o r  t h e  2- and 20-inch diameter  c l a s s e s ,  t h e  mean number of components 
observed on t h e  photos was less than t h e  number t a l l i e d  by t h e  ground 
ope ra to r s .  These r e s u l t s  i n d i c a t e  t h a t  photographic measurements a r e  more 
c o n s i s t e n t  than  ground measurements; however, t h e  p o s s i b i l i t y  of components 
being 'missed is  g r e a t e r .  

When f u e l  loading i s  cons idered ,  s tandard  d e v i a t i o n s  f o r  t h e  
t h r e e  photo ope ra to r s  were l e s s  than f o r  t h e  ground measurements i n  a l l  
except  t h e  6- and 8-inch diameter  c l a s s e s .  None of t h e  s tandard  d e v i a t i o n s  
f o r  e i t h e r  number of  p i eces  o r  loading i n  diameter  c l a s s e s  g r e a t e r  than  
1.0 inch  were s i g n i f i c a n t l y  d i f f e r e n t  when observa t ions  made by ground and 
photo ope ra to r s  w e r e  compared. 

Photographic measurements a l low a c c u r a t e  c a l c u l a t i o n s  of f u e l  
loading because a c t u a l  d iameters  a r e  recorded.  The u s u a l  f i e l d  procedure 
is t o  t a l l y  f u e l s  by s i z e  c l a s s e s  and use  c l a s s  midpoint diameter  i n  sub- 
sequent  c a l c u l a t i o n s  of f u e l  loading.  I n  Van Wagner's (1965) formula, 

2 
f u e l  loading  ( l b . / f t  ) = 0.535 sf'd2) when S is s p e c i f i c  g r a v i t y ,  L is - - 

L 
l ength  of i n t e r s e c t  i n  f e e t  and d is diameter  of t h e  f u e l  component, d i f -  
f e r ences  between t h e  assumed midpoint and t r u e  midpoint a r e  squared. 
Deviat ions from t r u e  midpoints a t t a i n  g r e a t e s t  s i g n i f i c a n c e  i n  t h e  small 
diameter  c l a s s e s  "here number of components and skewness a r e  g r e a t e s t .  I n  
Table 1, t h e  e f f e c t  of an  e r roneous ly  assumed midpoint diameter  is  evident  
i n  t h e  2-inch diameter  c l a s s  where the're were more f u e l  components recorded 
from t h e  photographs (23.16 ve r sus  18.73). However, t h e  c a l c u l a t e d  f u e l  
loading i s  0.668 l b . / f t 2  from t h e  ground d a t a  and 0.498 l b . /  f t 2  from t h e  
Addo X d a t a .  The e r r o r  introduced by us ing  midpoint d iameters  r a t h e r  than  
a c t u a l  d iameters  on t h e  photographic d a t a  is shown i n  F igure  4. 



TABLE 1. MEANS AND STANDARD DEVIATIONS OF FUEL LOADING AND NUMBER OF FUEL COMPONENTS BY SIZE CLASS, 
DETERMINED BY THREE GROUND OPERATORS AND THREE PHOTOGRAMMETRIC OPERATORS 

No. of f u e l  components/plot Fuel  loading  ( l b .  / f t 2 )  

Diameter Mean of Mean of Mean of' Mean of 
c l a s s  3 ground S. D.  3 photo S. D.  3 ground S. D .  3 photo S. D.  

( inches)  t a l l i e s  t a l l i e s  t a l l i e s  t a l l i e s  

*For t h e s e  s i z e  c l a s s e s  ground t a l l y  is  from 115 of t h e  t r a n s e c t  d i s t a n c e  used on o t h e r  s i z e  c l a s s e s ;  
t h e r e f o r e ,  t o  be comparable t h e s e  va lues  have been mul t ip l i ed  by 5. 



QROUND - MIDPOINTDIAM. 

/ PHOTO - MIDPOINTDIAM. 

DIAMETER CLASS MIDPOINT - INCHES 

Figure 4.  Curnuluted fue Z loading caZcuZated from. ground and photograph 
measurements using actuaZ component diameters and cZass mid- 
point diameters. 

Friedman's (S iege1  1956) two-way a n a l y s i s  of va r i ance  t o  t e s t  
t h e  d i f f e r e n c e  i n  t o t a l  f u e l  l o a d i n g c a l c u l a t e d  from ground and photographic 
measurements showed : 

(a )  no d i f f e r e n c e  i n  f u e l  loading from t h e  t h r e e  ground o p e r a t o r s  
a t  t h e  1% l e v e l  of p r o b a b i l i t y ,  

(b) f u e l  loading from t h e  t h r e e  photographic ope ra to r s  w a s  d i f f e r e n t  
a t  t h e  1% l e v e l ,  

(c)  f u e l  loading  from t h e  t h r e e  ground ope ra to r s  and t h e  t h r e e  photo- 
g raph ic  ope ra to r s  w a s  d i f f e r e n t  a t  t h e  1% l e v e l ,  

(d)  no d i f f e r e n c e  i n  f u e l  loading among ope ra to r s  a t  t h e  5% l e v e l ,  
when t h e  measurements of ope ra to r  i,6 were removed. 

This  test was conducted on f u e l  loadings  c a l c u l a t e d  from c l a s s  
midpoint d iameters  from both t h e  photographs and ground measurements. The 
r e s u l t s  of t h i s  test ,  us ing  a c t u a l  d iameters  from t h e  photographs, were 
t h e  same, except  (d) which remained d i f f e r e n t  a t  t h e  1% l e v e l .  



Diameter and h e i g h t  of s p e c i f i c  f u e l s  

Ground and photographic measurements of diameter and he igh t  of 
t h e  marked f u e l  components were compared t o  eva lua te  t h e  accuracy of 
measuring i n d i v i d u a l  f u e l  components. To compare f u e l  d iameters ,  216 mea- 
surements determined with t h e  co l l ima to r  l e n s  and 90 measurements us ing  
t h e  Wilde A40 P l o t t e r  w e r e  s t r a t i f i e d  by t h e  diameters  of t h e  s a m e  f u e l  
components measured on t h e  ground and t h e  95% confidence l i m i t s  c a l cu la t ed .  
The means of t h e  two photo methods and t h e  45' l i n e  of p e r f e c t  agreement 
wi th  t h e  ground measurements a r e  shown i n  F igure  5. 

Fuel  diameters  from both photogrammetric methods were l a r g e r  than 
those  measured on t h e  ground; measurements wi th  t h e  co l l ima to r  l e n s  vary ing  
inve r se ly  and t h e  Wilde A40 P l o t t e r  measurements varying d i r e c t l y  wi th  

COLLIMATOR LENS 

- -  X WILD A 40  PLOTTER 

-------- 4 6 O  LINE OF PERFECT AOREEMENT 

DIAMETER INCHES - @ROUND MEASUREMENT 

Figure 5. Mean diameters of speci f ic  fuel components measured from the 
photographs with a collimator lens and by the Wilde A40 Plotter 
s t ra t i f i ed  by mean diameter cZasses measured on the ground. 



diameter .  The l i n e  of agreement is wi th in  t h e  95% confidence l i m i t s  of a l l  
t h e  means measured by t h e  Wilde A40 P l o t t e r  bu t  is o u t s i d e  t h e s e  l i m i t s  f o r  
a l l  t h e  co l l ima to r  determined means smal le r  than 8 inches.  

Duncan's mu l t ip l e  range t e s t  v e r i f i e d  these  r e s u l t s ,  showing a l l  
ground measurements t o  be t h e  same and a l l  d i f f e r i n g  from t h e  co l l ima to r  
l e n s '  measurements. S tudents '  "t" test showed measurements from Wilde A40 
P l o t t e r  represented  t h e  same popula t ion  as measurements recorded by t h e  
most experienced ground opera tor .  

The comparison of f u e l  h e i g h t  measured by ground ope ra to r  /I1 and 
on t h e  Wilde A40 P l o t t e r  showed a c o n s i s t e n t  b i a s  of 5  inches i n  favor  of 
t h e  photographic measurement. I n t u i t i v e l y  t h e  r eve r se  would be expected 
because of t h e  f a l s e  ground l e v e l  presented by t h e  s u r f a c e  vege ta t ion .  The 
b i a s  which may be system o r  ope ra to r  o r i en t ed  could be co r r ec t ed  by c a l i -  
b r a t i o n ,  an accepted p r a c t i c e  i n  photogrammetry. 

L imi t a t ions  of f u e l  s i z e  

No f u e l  component i n  t h e  l e s s  than 0.10-inch c l a s s  was measured 
wi th  t h e  Addo X ,  a l though ground ope ra to r s  recorded an  average of 380.02 
p i e c e s  (Table 1 ) .  I n  t h e  0.11- t o  0.50-inch diameter c l a s s ,  t h e  ground 
ope ra to r s  recorded a  mean of 126.73 components compared t o  9.19 components 
from t h e  photographs. The mean d i f f e r e n c e  of f i v e  p i eces  between t h e  two 
methods i n  t h e  0.5- t o  1.0-inch c l a s s  i n d i c a t e s  t h a t  f u e l s  smal le r  than 
0.5-inch diameter  cannot be i d e n t i f i e d  on t h e  photographs. To circumvent 
t h i s  problem, t h e  number of f u e l  components i n  t h e  <0.1, 0.11 t o  0.50 and 
0.51 t o  1.00-inch c l a s s e s  was c o l l a t e d  with f u e l  loading i n  each 2-inch 
diameter  c l a s s  t o  develop a  p r e d i c t i o n  equat ion  f o r  t h e  f i n e  f u e l s .  The 
r e s u l t s  v e r i f i e d  s i m i l a r  t e s t s  i n  o t h e r  f u e l  complexes, showing a  uniform 
l a c k  of dependence of t h e  number of f i n e  f u e l  components on f u e l  loading  
i n  any one o r  a l l  c l a s s e s .  However, t h e  number of f u e l  components i n  t h e  
diameter  c l a s s  l e s s  than 1.0 inch w a s  r e l a t i v e l y  c o n s i s t e n t  and could 
t h e r e f o r e  be es t imated  from a l imi t ed  ground survey. 

The v a l i d i t y  of t h i s  approach was s u b s t a n t i a t e d  by showing t h a t  
an e r r o r  of one s tandard  dev ia t ion  i n  an  e s t ima te  of t h e  number of f u e l  
components i n  t h e  two s m a l l e s t  diameter  c l a s s e s  would be less .than *1% of 
t o t a l  f u e l  loading.  The s i g n i f i c a n c e  of t h i s  e r r o r  is g r e a t e r  i f  f u e l  
c h a r a c t e r i s t i c s  of f i neness  o r  s u r f a c e  a r e a  a r e  considered r a t h e r  than 
loading . 
Limi t a t ions  of f u e l  arrangement 

Arrangement of t h e  f u e l  components i n f luences  agreement between 
ground and photo measurements. 'On p l o t s  where t h e  f u e l  was concentrated 
i n  p i l e s  by dozers  (Fig. 1, p l o t  3)  , t h e  d i f f e r e n c e s  between a l l  ground 
and a l l  photographic measurements exceeded 10 l b .  /f t 2 .  Dozer-logged a r e a s  
where t h e  f u e l  was evenly d i s t r i b u t e d  (Fig. 1, p l o t  4) r e s u l t e d  i n  ground- 
and photo-operator d i f f e r e n c e s  similar t o  those  found i n  t h e  evenly d i s -  
t r i b u t e d  high-lead s l a s h  (Fig. 1, p l o t  18) .  I n  high-lead s l a s h ,  even 



though two p l o t s  involved f u e l  loadings n e a r l y  equal  t o  t h e  h e a v i e s t  loading 
encountered i n  dozer-logging, t h e  tendency toward uni layered  f u e l  complexes 
(Fig. 1, p l o t  23) r e s u l t e d  i n  t h e  same order  of d i f f e r e n c e s  between methods 
a s  encountered i n  t h e  more normal loadings.  

Fuel  components a r e  a l s o  obscured by shadows and invading herba- 
ceous vege ta t ion .  The e f f e c t  of shadows is reduced i f  photography is  done 
on overcas t  days. Invading vege ta t ion  l i m i t s  t h e  use  of photographic f u e l  
inventory t o  a r e a s  logged wi th in  one growing season. 

CONCLUSIONS 

Within t h e  l i m i t a t i o n s  of slash-age and arrangement, f u e l  loading 
ca l cu la t ed  from measurements on 70-rn photography a r e  equal ly  r e l i a b l e  a s  
those  obtained from conventional  ground sampling. Photographic measure- 
ments of t h e  f u e l  complex which were biased could be co r rec t ed  by app.lying 
s tandard photogrammetric c a l i b r a t i o n  techniques.  Recent improvements i n  
both photographic and photogrammetric equipment and t h e  p o t e n t i a l  t o  improve 
i n t e r p r e t a t i o n  through t r a i n i n g  and c a l i b r a t i o n  o f f e r  a g r e a t e r  l a t i t u d e  
f o r  improved f u e l  i nven to r i e s  from phi tographs  than from ground techniques,  
which leave  l i t t l e  room f o r  improvement. 

I n  a d d i t i o n ,  t h e  fol lowing advantages provided by t h e  photographic 
technique outweigh t h e  inconclus ive  accuracy f o r  some measurements. 

(1) Provis ion  of a permanent record t h a t  can be checked a t  w i l l  t o  
s u b s t a n t i a t e  evidence of e c c e n t r i c  f i r e  behavior o r  provide 
reasons f o r  abnormal impact. 

(2 )  Speed of sampling and t h e  c a p a b i l i t y  f o r  i n t e r p r e t a t i o n  i n  
cond i t ions  unaffec ted  by adverse working cond i t ions .  

This  method should no t  be used t o  a s s e s s  o ld  s l a s h  where vegeta-  
t i o n  has  invaded o r  i n  bunched o r  p i l e d  f u e l  complexes. 

SUMMARY 

Fuel  i nven to r i e s  on 24 p l o t s  loca ted  i n  f reshly-logged high-lead 
and cat-skidded s l a s h  a r e a s  were measured by ground ope ra to r s  us ing  the  
i n t e r s e c t  technique.  Twenty-four of t h e  p l o t s  were l a t e r  photographed by 
two 70-mm cameras on a fore-  and a f t -o r i en ted  boom mounted on a h e l i c o p t e r .  
Fuel  loading and. d i s t r i b u t i o n  of f u e l  components by s i z e  c l a s s e s  obtained 
from t h e  ground measurements and by va r ious  photogrammetric techniques 
were compared t o  determine i f  f u e l  i nven to r i e s  could be obtained by photo- 
graphic  techniques.  

Resu l t s  of t he  ana lyses  showed: 

(1) Fuel  loadings obtained from photographic measurements were 
s l i g h t l y  less, but  more c o n s i s t e n t ,  than those obtained from 
ground measurements. 



(2)  When t h e  r e s u l t s  of t h e  lowest photographic  ope ra to r  were omi t ted ,  
t h e r e  was no d i f f e r e n c e  a t  t h e  5% p r o b a b i l i t y  l e v e l  i n  f u e l  
load ings  c a l c u l a t e d  from c l a s s  midpoint d iameters .  

(3)  The d iameters  of marked f u e l  components measured wi th  t h e  Wilde 
A40 P l o t t e r  and c o l l i m a t o r  l e n s  on photographs were l a r g e r  t han  
t h e  diameter  of t h e  same f u e l  components measured on t h e  ground. 
There was no d i f f e r e n c e  i n  d iameters  measured by t h e  Wilde A40 
P l o t t e r  and those  measured by t h e  most experienced ope ra to r .  

(4)  The depth  of t h e  f u e l  complex could no t  be measured wi th  an  Abrams 
he igh t - f i nde r  and a  c o n s i s t e n t  5-inch b i a s  was ob ta ined  from 
measurements made on t h e  Wilde A40 P l o t t e r .  

(5)  Fue l  components sma l l e r  than  0.5-inch diameter  could n o t  be 
measured on t h e  photographs; however, l i m i t e d  sampling of t h e s e  
f u e l s  w i l l  p rovide  accep tab l e  e s t ima te s  of load ing .  Frequency 
of t h e s e  f u e l  components was independent of l a r g e r  f u e l s  . 

( 6 )  The photographic  technique  descr ibed  i s  n o t  s u i t a b l e  f o r  a s s e s s i n g  
p i l e d  f u e l  complexes o r  o ld  s l a s h  obscured by vege t a t i on .  

I n  t h e  a u t h o r ' s  op in ion ,  d e s c r i p t i o n s  of t h e  s l a s h - f u e l  complex 
on r ecen t  c l ea r - cu t  a r e a s  from measurements on low-level photographs a r e  
more than  adequate  f o r  a l l  o p e r a t i o n a l  and most r e sea rch  purposes .  The 
f l e x i b i l i t y ,  cons i s t ency  and oppor tun i ty  f o r  v e r i f i c a t i o n  of inventory  
r e s u l t s  a r e  f u r t h e r  reasons  f o r  recommending t h i s  t echnique  where i t  is 
l o g i s t i c a l l y  compatible  wi th  p a r t i c u l a r  requirements .  
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