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Ba,tional Park Service 
Vashingt on 

Emergency Conservation Plo r k  
Pro jcct  Training 

%is  text,  or iginal ly  cn t i  t l e d  ttRecomendations for  Trai l  
Constructiontt, nas compiled bg t:Ye Landscape and Engineering 
Departments of Great Smoky Mountains Eational Parlr, f o r  a l l  
t r a i l s  n i tn in  tho park area". 

I t  i s  %cia@ d i s t r i l n~ tcd  to  dl camp as  an effect ive out- 
l i n e  of t r a i l  construction, and a presentation of g3od pract ice  
and procedure i n  general, - I t  i s  &t to be taken as  a s e t  of 
staadards. Specific dimensions, such as  the trail s idth ,  slopes, - 
grai?es, a d  oi;her figures, are acce;?ted pract ice  i n  Great Smolqy 
Mountains N3,tional Park, but m a y  not be elsenhere* The design, 
location, gracles, r idths ,  d r a i n a ~ e  $an, and so on for  dl t r a i l s  
i n  other arcas, must be determined by the technicians i n  charge. 

The section on Drainage hxs been exp=ded t o  ~ i v e  more in- 
formation on drainage conditions and structures.  Some additions 
have been mpde to the section on materbrealzs. A fen additions 

a l te ra t ions  nave becn made to  meet the v ie rs  o f  the tee-hnical 
branches o l  the Service. And tno short sections have b e ~ n  added; 
one en t i t l ed  1t?em71atesfl, and the other tlTork Organizztiontl. Also 
three para;.;raipiis, concurred i - r  by t:;o o r  more of the technical 
branches, m e  inser ted i n  pa,rentheses. 

The tex t  may be used for  t.raining on the project, and also 
as  the founda.tion of a short course i n  the camp educational pro- 
gram * 



Construction should not be s ta r ted  on a t r a i l  u n t i l  the l i ne  
has been flagged through to  i t s  destination (or  t o  a def in i te  con- 
t r o l )  a p ; ~ ~  roved. 

(This ap;~rovzl should be from a l l  of the Branches wnich m a y  
have an i n t e r e s t  i n  i t s  construction, These 3ranches v i l l  include 
tile landscape archi tect  who i s  charged p i t h  u t i l i z i r -g  the scenic 
features ,and blending the t r a i l  :-iitil the landscape; the engineer 
who i s  concerned t ~ i t h  tile problems of construction; the fores te r  
uhose duties involve the protection 2nd propagation of natural  
cover; the geolnzist xho v i l l  a s s i s t  i n  locat ing the t r a i l  so as 
t o  take aclv~ntage of geographic uzd geologic features and protect  
tiiem from destruction; and tne wildl i fe  technician i n  tihose care 
the zoological and botanical values are  euntrusted.) 

The follnl-;ing method of l i n ing  out construction ahead i s  
f o l l o ~ e d  by several of the best t r a i l  builders i n  the Par!: niYn 
sat isfactory resul ts .  Al172.y~ keep :;ell ahead of construction, 
l i n i n g  out the trcil n i th  stdces as shorn i n  Sketch XO. 1. 

Stake "A" i s  a t  the t r a i l  grade where the cut section begins. 
Stake "B" i s  a t  the inside edqe of the t r a i l  floor. The distance 
between t h ~ s e  stakes w i l l  vary according t o  the steepness of the 
side-slope. On 1 t o  1 slopes o r  slopes steeper than 1 to  1, the 
nidth on so l id  ear th  for  a four foot t r a i l  should be three and 
one-hdf fec t  ( see  Slrctch >To. 1); as the cross slopes approach a 
3 t o  1 slopc the ~ ; i d t h  on sol id  approaches two feet  (See Sketch 
No. 2 ) .  Trrtils bu i l t  i n  places ~yhere no side slope ex i s t s  should 
be b c i l t  i n  accordance rtitii Sketch No. 3. 

Clearing o r  snamping-out of exis t ing grontn i s  not permitted 
u n t i l  the exact location of the t r a i l  i s  determined znd then i s  
done only fo r  the width of the t r a i l  f loor  plus the distance t o  
the top of the cut. Later i t  may be necessary to c lear  wider spaces, 
but the policy of c lear ing ahead on the f lag  l i ne  often r e su l t s  i n  
taking out considerable growth t-kt co-ad  have 'oeen saved if the 
exact location had been staked out i n  advance. 

I n  staking t h i s  location the foreman shoulct closely follow 
the f lag  l i n e  but may depart from it  a fen f ee t  occasionally since 
he i s  i n  posit ion to  give the location much more detai led study 
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than mas given by the locator nhen the l i n e  was flagged. 

Stakes should be snaced closely d o n g  the l i ne  so those doing 
the e:ccavtl,t,tion can follov from one t o  another easily. On curves, 
stakes should be placed very close together so tha t  there w i l l  be 
no var ia t ion from the alignment se t .  

Methods of s t a r t i ng  the excavation d i f f e r  n i t h  various foremen 
but the folloning i s  recommended: 

A narrow ton path, about 18" vide i s  ~ o r k e d  out a t  the base of 
the cut along l i n e  IIAl and excavated back to  "C". m i s  tom path i s  
kept well ahead of construction (see Sketch No. 1)  This narrow 
t r a i l  then establishes the l i n e  of excavation on the t r a i l  and the 
grade of t5e t r a i l ,  I n  tiie event th,t it  i s  necessary t o  a l t e r  the 
grade or the location, t h i s  c m  be done with less  loss  of time and 
money than i f  the en t i re  f loor  of the t r a i l  mere graded. Tnis nar- 
r0.r-i t r a i l  ac t s  as a lead for  others t o  fol lov~ and should be done by 
capable men. 

The next operation consists of excavating tile t r a i l  back to  
i t s  f u l l  widt!?. This i s  best done spacing me11 15 o r  20 f ee t  
apar t  nho excavate t o  the back edse of the t r a i l  f loor  a t  "EH (see 
S1~2tch No. 1) . The bank 113"-"B" i s  l e f t  s t ra igh t  up a t  t ~ l i s  atage 
of the work. 

F o l l o n i n ~  these graders are  others sloping banks. The top of 
the slope, point IlElf, Sketch No. 4, sho~jld be marked or  staked on 
tiie ground and the slope cut s t ra igh t  from I1E" t o  "Fu. 

Folloving these pa?.ers  are  tno o r  three men selected as good 
f inishers  nho roun?' over the s h a v  e Q e  a,t IIE", put f inishing touches 
on the cut slope, f in i sh  the t r a i l  bed with a slope of 1/211 to  the 
foot tomzrd the outside, (2" i n  4t), round over the edge a t  "GIf, and 
dress dorm the f i l l e d  slope d r a ~ ~ i n g  it  n e l l  dorn and feathering it  
out into  the natu:.-a,l grade. 

B,QGK S LOPING 

Contrary t o  the ge:ierd conviction t h s t  ban!! sloping i s  purely 
a beautiCicction r r o  ject  there are  t170 primzry objects i n  sloping 
of t r a i l  and trucl: banks: (1) I t  i s  a par t icu la r  a id  t o  the control 
of erosion i n  that  i t  e s t a -~ l i shes  slopes t n e t  are more nearly natural, - 
thus enabling growths of various types t o  catch q u i c W ~  and cover the 
nsn cut and f i l l  surfaces; (2) It eliminates materially - the possi3i- 
l i t y  of hzvin; the t r a i l  narrowed by ear th  loosened t h o u &  action 
of f ro s t  anC r a in  water, (sketch No. 5 s;lo~-;s the action of f ros t  on a 
---I__- 

poorly constructed t ra i l . )  The com3ined action of nater ruld f ros t  a t  
"A" loosens the ma te r id  rrhich drops t o  tile t r a i l ,  i n  sone cases t o  
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such 3n extent that  the trail i s  imlxxssable. This i s  aside from 
the fact  Knot as t h i s  action goes on from time t o  time, the trail 
aF1)ears more and more ragged and l e s s  a t t ract ive.  

Putting off sloping operations i s  merely delaying operations 
~ ~ h i c h  n i l 1  have t o  be done l a t e r  i n  construction and a t  a higher 
cost . 

Sketch No. 6 i l l u s t r a t e s  a section of a ~ o o r l y  finished t r a i l .  
Y e  f i l l e d  edge at flJll rill soon be nashed down the h i l l s i d e  by 
storm nater leaving the narrow bed of the t r a i l  on sol id  ground. 
I n  t h i s  case the builder did not go f a r  enough into the side slope 
to  get Y e  required amount of t r a i l  f loor on sol id  earth. Earth 
should never be finished t o  corners as a t  11111 and I1J" but should 
be rounded over to meet the existing grade above and below the t r a i l .  
Cut slopes should never be finished as  shonn i n  Sketch No. 7. 

Sketch No. 8 illustrates an ideal  t r a i l  section, n e l l  finished, 
rjith bsx~ks and t r a i l  bed properly sloped and corners of cuts and 
f i l l s  properly rounded. 

Tne question of hon fa r  t o  cut back a slope (or  bcmk) i s  often 
a problem. There the cross slope i s  easy the bank may be tsken back 
on a 2 t o  1 slope, Yaat i s ,  tr-~o feet  back for  each foot i n  height 
A 1-1/2 t o  1 slope i s  good, and a 1 t o  1 slope i s  a3out as steeip as 
ear th rill l i e  on a slope. The 1 t o  1 slope should be regarded as 
a maximum slope t o  give a bank except i n  the situations nhere it 
nould be necessary t o  grade 30 Or 40 fee t  up a steep bank t o  s t  
t h i s  1 t o  1 slope. This nould require removing much established 
growth and of course i s  not t o  be considered. Such s i tuat ions should 
be solved b;r the staking of the top of the cut bank t o  get the best 
solution possible. Trail  foremen should c a l l  for  the advice of 
Landscape and Engineering tec-micians on problems of t h i s  type. 

(1f the t r a i l  passes a rock face or has been of necessity 
Cut into a, rock exposure, the only ti.orlr required 8s  the removal 
of loose rock nhich might endanger users of the trail. No general 
instruct ion can be given fo r  procedure i n  such a case, exce-pt that 
a geologist should be consulted because the treatment of each rock 
exposvxe n i l 1  depend upon the character of the rock. I t  should be 
remembered that eqosures qf bare rock are just  as  "naturalIf as 
slopes covered n i t h  so i l  and vegetation. 3xposures cf the bare 
rock often contain important s tor ies  nhich enhance the value of 
the t r a i l .  This i s  also t rue of some cut banks of unconsolida,ted 
material. The processes of s o i l  manufacture, the his tory of the 
advances and r e t r ea t  of glaciers,  the s tory of pre-historic lakes 
and beaches are to ld  i n  such bare slopes. Tklese should not be ob- 
l i t e r a t e d  promiscuously, but should be preserved as irrcpla.ceable 
examples of ear th processes nhich, i n  some instmces, cannot be 



POOR WORK 

SKETCH NO. 6 

Should be rounded 

Should be sloped 

h r l y  finished slope 

A GOOD IDEA GONE WRONG 

SKETCH NO. 7 

Natural slope less than 1:l 



duplicated else:;<ne;-e. The geolo.gistts al?-vice shovld be sought i n  
these matters .) 

IIer, scz:etimes have d W f  i c d t y  is k s q t ~  a slope a;lfform 
nhen the bank var ies  i n  heignt. Ha-~e the leader get a s t i ck  a s  
long as  the bank i s  high, and shon him how t o  use it t o  measure 
back for  the s l ~ p e  stake. I f  the sloye i s  to  be 2 to  1, he n i l l  
measure tke height of the bank, holding h i s  thumb a t  tha t  neigh% 
on the s tick. Be n i l 1  then measure back t r i c e  t h i s  distance from 
the ve r t i ca l  face of the cut, and set  h i s  slope stake. These 
stakes should be se t  from f ive  t o  ten f ee t  apart to  maintain a 
smooth, uniform slope. 

.A n a t u r d  slo;~e i s  >referz901e t o  x-xd.1 construction on t r a i l s  
nhere an ear th  slope can be made. A slope i s  a more natural  con- 
d i t ion  and w i l l  cover over v i t h  a natural  gronth. Holyever, walls 
are necessary i n  m a n y  s i tuat ions .  Great care should be taken i n  
t h e i r  erection. G e n ~ r d l y  one ;lust depend on the stone that i s  
availa'olc near5y fo r  t h i s  construction. Nevertheless, f t  i s  vorth 
while t o  go to  some trou3le i n  selecting stone tL7.t i s  adapta3.01e. 
Stone v i t h  a neatkcred face, i f  i t  can be obtained, i s  bet%er t-i?an 

stonc %;hat i s  broken. There should be suf f i c i en t ly  large rock used 
so the xiall n i l l  t i e  in to  the slope. Generally, there i s  not 
enough chip3ing or shaping of stonc t o  make i t  f i t ,  on t r a i l  con- 
struction.  A be t t c r  resu l t  could be obtained i f  t h i s  nere done. 
Stones should not be l a i d  uy, i n  a 'naphaz~rd TjrzjT a s  they are  handed 
t o  the builder; they should be s lected to f i t  the posit ion i n  the 
m a l l  tha3thep are  t o  occupy and should be re jected i f  not of the 
r i gh t  shape ,ad size. 

(1t Is usually i n a h i s a b l e  t o  attempt t o  make a re ta ining 
m d l  look l i k e  a, i~atural. outcrop. This requires a great  deal of 
s k i l l  and c r9 t ica l  choice of rock. mien attempted, i t  should be 
done only under the supervision of a geologist. It  i s  usually 
bet ter ,  horever, to admit that  a w a l l  i s  an a r t i f i c i a l  structure. 
I t s  jus t i f ica t ion  l i e s  i n  the nor!< rs-hich i t  performs, and i t s  
atkractiveness de2ends upon good design and creditable execution. 
An a t t e q t  t o  cm.ouflage such a s t ructure  usually violates  both 
of these pr inciples  and i s  so patently mt i f i c i a l .  tha t  the re- 
s u l t  does not deceive even a ca sud  observer .) 

To assure so l id  construction and zood a,p?earance the follovi- 
ing r u l e  should be fol1or;ed i n  the selection and se t t i ng  of rock: 
S t a r t  the construction n i t h  proportionately large rock a t  the 
bottom of the na l l ;  grade the s i ze  t o  smaller r3ck i n  the center 



section and again increase the s ize  toriad the top cf the nal l .  
The top course of the na l l  sho12.d be of rock suff ic ient ly  large 
t o  be solid. 

The folloning method of v a l l  construction has been used n i t h  
good r e su l t s  i n  various sections ~ l f  the park during - b e  past  yes?: 

1. The outside edge of the base of the  all i s  carefully 
staked on the alignment. 

2. Batter boards are s e t  a t  in tervals  along t h i s  l i n e  a t  
the proper slope. I t  has been fomd advisable t o  al lon about t so  
inciies of clearmce betr~een the ba t te r  board and the w a l l  surface. 
Czre snould be taken i n  p l a c i n ~  tile ba t te r  boards t o  see tha t  the 
+ "02 - of the 15l.l  i s  located suff ic ient ly  f a r  out t o  give the proper 

T-:idth of t r a i l  ~.-i:ien finished, 

3. After the ba t te r  boards are se t ,  exca.vation i s  started.  
TilerevcP possible, v;al!.s should be bu i l t  on rock base; honever, 
i f  rock i s  not ?resent, exca,va,tion should be made t o  sol id  earth, 
and belov: the f ros t  l ine ,  before any ~ a l 1  construction i s  begun. 
Bever build v;alls on f i l l e d  ear th  bases. --------- 

4. There the t r a i l  i s  bu i l t  of ear th- f i l l  back of the rock 
wall, the  all should be bu i l t  to the fo1lo;;ing dimensions: The 
base of the 17all should ap~roxin?.tely equal one-half of the height. 
The front face of the v i a l 1  should be bst tered 3" to the  foot i n  a l l  
cases. The back of tile r i d 1  should be bu i l t  i n  steps s t a r t i ng  a t  
the botton and f inishing a t  the l a s t  stone course ~ i i t h  n nidtii of 
n a l l  a t  l e a s t  la1!.  (see Sketch No. 3) 

5. Particlrlaa care should be given t o  locating the beginning 
and ending of tile nall .  Vinerever possible the wall s-hould begin and 
end i n  some natural  forxation leavin;. no sharp ends exposed above 
the natural  surface. There t h i s  i s  not possible, a r rwemen t s  
should be made for  ~ l a n t i n g  t o  ob l i te ra te  the ends of the na l l ,  as 
i n  Sketch KO. 10. 

Sketch No. 11 i s  a typical  v;alled section ;.jhere the en t i re  
t r a i l  n idth i s  obtained nithout going into the side slnpe and 
creating a large scar. This i s  par t icu la r ly  useful on very 
steep cross slopes ,and i n  places i~here  outcropi?ings of rock must 
be avoided. 

Sketch No. 1 2  i n d i c ~ ~ t e s  a treatment that  i s  pract ical  +inen 
the t r a i l  i s  over an old ra i l road or road ~ r a d e  on rihich walls 
have been bu i l t  t7kt nust be obliterated. This method creates 
an opportunity fo r  the d i s ~ o s d  of naste rock a f t e r  blas t ing 
opera.tions since i t  car, be placed belon the es i s t ing  rial1 and 
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covered n i t h  ea,rth rhich riill soon gror; over and present a 
netural  a~~:?e:rraulze. In  ner; t r a i l  cor~struction it  i s  sometimes 
necessery t o  use t h i s  metho6 for  the disposal of scrap rock from 
blast ing operations. 

Slcetch Bo. 13  i l l u s t r a t e s  a tyye of *::all used nhere i t  i s  
necessFry t o  dro? be1017 the l i n e  of the t r a i l  t o  f ind firm founda- 
t ions  for  na l l  construct5.on. The slope betreen the top nf the v a l l  
a:;& the t r a i l  grade i s  bu i l t  similar t o  the f i l l  slope on the f r a i l  
i n  or?inzry circu?lstr?.nces. Care should be taken to leave a small 
di tch for  drainage: above the t;all. 

Slretch No. 14 indicates a t m e  of rall tha t  has been used i n  
the past  but i s  not pr9,cticd znd has been washed out or turned 
over i?y f ro s t  action. I t  i s  merely a rock veneer and cpnnot be 
depended upon t o  r e t a in  a f i l l  whore there i s  pressure against i t ,  

Sketch Xo. 15  indicates a v ; x l l  on the cut side of the t r a i l  
serving to re ta in  loose ear th  z~nd rock above the t r a i l  floor. This 
may be j-astificd i n  a fern exceptional cases, but as  a rule,   all 
cc)nstruction above the bed of the t r a i l  silc~ul& be avoided, as riel1 
as any laid-up job above a t r a i l  such as veneer construction t o  
eliminate a hole i n  the up7er ban>: ~iilere a stump has been removed. 
Vnere i t  i s  necessary t o  re ta in  a bank above a trai l .  i t  may be 
done by l~lacin;  tl:e rock i n  such 2 mpmer th2,t i t  gives the appear- 
=ice of a n a t u r d  outcropying or formation. This area should be 
planted i n  a n n t u r d  n m e r .  The na,turd condition should prevail  
docn t o  the t r n i l  ed,-e. 

There t r a i l s  pass close t o  large t rees  an? the location i s  
kept bel-on the t ree ,  the type of construction shorn i n  Sketch 
Noe 16  silould be adopted, P l i s  v i i l l  mdce i t  ~ ~ o s s i b l e  to  build 
the t r a i l  t o  the prouer grade <and location without lnjury t o  the 
t r ee  roots. 

nU-IL TIDTR 

A four foot 1-;idth i s  desired for  horse t r a i l s * "  This nidth 
should not be neasured out t o  a sharp eCge nhich i s  not substan- 
t i a l .  It. shoal& be measured from the outside of the t r a i i  nhere 
the f i l l  slope s t x t s  t o  round over, t o  a point just out from the 
Sase of the cut slope, aJ.loni:lg for  roundlng out a t  point "A". 
(see Sketch No. 1'7) 

where there i s  a. ndl 03 the 101:er side of the t r a i l ,  the 
riidtli siiould be measured fro:n the insicie of the val l .  The top 
of the n a l l  shoult not be included i n  the focr foot ~ ~ i d t h  of 
tra.i.1. It i s  soinetines advisable t o  niden the nornal four foot 

* This n id th  applies t o  Great Smoky Iflountains National Park. 
(see Page 1, Paragraph 2) 
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nid th  a t  such places as on curves vihere the t r a i l  turns i n  a 
hollon or rolmds the point of a r idgs (;?here people may s top  a t  
a good view point)  aild a t  in te rva ls  along the t r a i l  t o  pern i t  the 
passing of animals. 

There there i s  a steep dangerous bluff  or drop-off belon the 
t r a i l ,  the t r a i l  bed should be v;idensd to  seven or eight f ee t ,  ex- 
clusive of wall nidth. On the normal t r a i l  there should be a t  
l e a s t  one foot clearance beyond each side qf the trail t o  ? e m i t  
passage for  pack animals. This distance m a y  be increased .;here 
there i s  a dangerous condition b e l c ~  the trail. Tree branches 
that  overhang the t r a i l  should be removed t o  pern i t  passzge of a 
ma on horseback. (See Sketch Wo. 17) 

TZivlFLATES FOR GEADES 

There are tiyo kinds of templates nhich help i n  c o n s t r d c t i ~ g  
t r a i l s ,  shnxn i n  Sketch No. 18. The t r i a n g l a r  form i s  for  grad- 
ing t r a i l  surfaces. The bottom member i s  fraduated, by actcall. 
trial, to  give grades of 118, 1/4, 318, 112, 3/4, 1 inch per 
foot, It  mEy be made i n  a-z ;3ro?ortions, but the higher the t r iangle  
the nider the plum5 30% r;i l l  s n i w ,  and the eas ie r  the grad-uat#io~is 
can be read. The t ee th  on the botton give a, bet te r  check oc the 
grade than a straight-edge csi ,  since they cut i n to  high ;?lpces+ 

The level-board i s  used fo r  length-rise grades on the surface, 
and for  ge t t ing  grades on :;ails and on the f loor  of culverts. A 
small l eve l  i s  screced t o  the board near the tcy. The l egs  hcve 
s l n t s  i n  them tihich run on bol t s  i n  the bonrd, e l d  these legs  may 
be graduated i n  inches. Tile bo l t s  In  the board rnust be a def in i te  
distance apart ,  such as  10 feet .  I f  the grade desired i s  1/4If per 
foe%, and the bo l t s  axe 10 f ee t  apart, one leg  r a s t  be 10 x 1/4" or 
2-112'' longer t h m  the other. The board ~~5.11 be l e - ~ e l  nhen the de- 
s i r ed  grade i s  re8,cned. 

STHEAid CROSSIXGS 

Care s h o ~ ~ l d  be talcen i n  the development of fords t o  see that 
as  l i t t l e  damage as possible i s  effected by the entrwce of the 
t r a i l  t o  the stream a.t e i ther  side. 

Vis i tors  rill stop a t  strean c r o s s i ~ g s ,  rihich cliould be maCe 
as  a t t r ac t ive  as possible. Iiorse 3 r i Q e s  are reconmended a t  stream 
crossings only rhero the s t rean i s  of such s ize  that  i t  n i l 1  be 
dangerous fo r  a horse t o  cross a t  3-gi m t e r  and nhere tho construc- 
t i on  of the ford nould mar the surround.ing area. ford crossing 
i s  preferable bec3,use i t  i s  more natural. zzd permanent an& offers  
f a c i l i t i e s  for  nater ing horses. The tra.51 grcctc shcuLd dip ct the 
ford t.o prevent i ~ a t o r  from flowing docn the trail when the strean i s  
i n  flooa; horiever, t h i s  grade should not p i tch  up or dovc a t  
the approach or nhen lezving the ford, but should. gt-aduall-y r i s e  t o  
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the normal grade. 

A t  ford crossings, i f  te?e current i s  s v i f t ,  the stream should 
be sloned and widened t o  prevent masizing out the ford. (see Sketch 
No. 19,)  This may be done by rernoviq the obstru-ctions above the 
proposed ford tha t  tend t o  force tne n ~ t e r  in to  narroc channels or 
diver t  the r a t e r  i n  the mow direction. Thus i n  Stretch No. 19, 
"A" may be a group of bod-ders tha t  force the nater  betneen it  and 
ano"ber boulder a t  llBll. I f  these obstructions can be rer~oved nitn- 
out marring the s i t e ,  i t  should be done. 

I n  most cases i t  i s  necessary t o  build up the locer edge of 
the ford to  make the t r a i l  crossing more nearly level. This should 
be done by placing reathered boulders a t  the edge of the ford a t  "G" 
i n  a natw,d manner and not j.n a def in i te  call. This so slons the 
water that gra,vel i s  deposited and any f i l l  tha t  i s  snde ~iill nat 
be vjashed out. These stones, rihen properly selected n i l1  serve as  
stepping stones fo r  pedestrian t r a f f i c  except on the occosions nhen 
the c a t s r  i s  exceptionally high. Foot logs m d  foot bridges are not 
recommended except r~here the stream i s  suf f ic ien t ly  largo t o  jus t i fy  
tnen. 

There foot iogs are  used tiley should be placed below the ford, 
adjacent t o  i t  and close eno-ugh t,hat they can be easi ly  seen 
used by passing pedestrians, In  construction of foot bridges, a,ny 
natura.2. fornation that  i s  available should be used to  make the 
s t ructure  f i t  in to  the surrounding countryo ExfstLng bo-dders and 
rock formations make e::cellent abutment-s for  use i n  bridge construc- 
tion. In  the absence of these natural  formations, abutments should 
be b u i l t  of native stone t o  apyear as nearly natural as possible. 
The advice of Landscape and Engineering tec3miclans should be obtained 
i n  determining the location of a l l  bridges and no construct5on s ta r ted  
u n t i l  plans for  the s t ructure  have been ~ i v e n  proper clearance* 

Horse bridges m i l l  be recommended 0-nly for  those stream cross- 
ings nhich are too large for  convenient fords, I n  places where the 
strean banks are too high for  ford construction and i n  places vhere 
ford construction would cause much danage t o  the inmediatel;r adja- 
cent area. A l l  horse bridgas m i l l  be designed by the Eranch of 
Plans and Design and approved by the engineering Departnent before 
construction i s  s tar ted.  

No factor  i n  t r a i l  construction i s  nore iqportaEt than proper 
drainage, and many sectiocs of good t r a i l  are dm,=,~ed md  destroyed 
by erosion which could ha-re 'been prevented. A l l  drainage sho;lld be 
planned f a r  ahead of cons t r~~ct ion .  The method of carrying surface 
nater  off of each t r a i l  section should be deterrlined i n  advance, 
d o n g  n i t h  the location,  type, size,  and construction de t a i l s  of all 
drainage structures. 
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Three general rPrainag;e conditions aze encountered i n  t r a i l  
construction: Sheet Vater, Vater Concentrating i n  Natural Basins, 
and mater i n  lT~,tural Chaanels. Larger channels are not considered 
here because tiley require bridges, and i t  i s  assumed tha t  a l l  bridges 
n i l 1  have been designed beforehand. 

Sheet Plater. Vhere water comes t o  a l eve l  section of the 
trail from an uph i l l  slope i t  does not concentrate i n  drainage 
channels, but f lovs  across i n  a sheet, In ra re  cases i t  i s  per- 
missible t o  concentrate sheet water by cut t ing screened ditches 
across the h i l l s ide ,  n i t h  an open d i tch  bringing the nater  t o  a - 

culvert  mdeY the t r a i l .  The approved pract ice  i s  to  t i l t  the 
t r a i l  bed so a,s t o  carry sheet nater  across the s=face n i t h  the -- 
l e a s t  concentration, and thus with the l e a s t  danger of erosion. 

Water Concentrating i n  Natural Basins. Since ve l i k e  
var ie ty  i n  foot t r a i l s ,  they go u ~ h i l l  and dormhill, crossing 
ridges which shed nater,  and hollons r~hich  col lect  it. These 
hollows nay concentrate na te r  from a considerable area o r  nater- 
shed. The bottoms of these hollows, tcuching the t r a i l ,  may be 
f l a t  and vlide, or steep and narrom. This topogr2,p-hy ca l l s  for  
drainage s t ructures ,  and tiie shape and a rea  of a hollor-i deter- 
nine t h e i r  location,  type and size.  

Surface viater should not be forced t o  concentrate i n  channels 
t o  a greater  extent than i t  does naturally. To c o n ~ e l  it to  back 
up behind culverts i n  ner; locations i s  t o  inv i te  destructive ero- 
sion and unsightly ditches. Several small culver ts  should be used 
r a the r  than one large one. And the trail should be ra l sed  enough 
to  impound a m s h  of storin water u n t i l  i t  can flow through the cul- 
ver t s ,  nithout cu t t i n s  nevi channels i n  the drainage basin, or  
across the t r a i l .  

I n  ,-lies, nature h2s j l r e a d j  determined the type of struc- 
tu re  t o  be employed, vA;licii i s  a culvert  big enough t o  carry dl 
the natcr that  comes down, The , d l y  has already establisiied a 
temporary balance between the scour of tiie stream a d  i t s  bed. 
This bdance  should not be disturbed, so the f loor  of the culvert  
should be a t  the leve l  of the gul ly  bed. Then the elevation of 
the t r a i l ,  conpared with the elevation of the ,.;ulljr bed, may 
d i c t a t e  a vide, shallon culvert, or a deep, narrow one. But the 
wider the culvert the ea,sier it  ill take nater,  and t'ne l e s s  
danger there till be of destructive cutt ing on the discharge side. 

There i s  no sa t i s fac tory  information on the s5ze of culverts 
required f o r  d i f fe ren t  watersheds. The area of the natershed, 
the steepness of i t s  slopes, the mount of natural  impoundix i n  
i t s  basin, the amount and kind of cover, and the condition of 
the so i l ,  combine t o  absor'b o r  shed nater. The best p rac t ice  i s  
t o  judge as  competently as  possible from loca l  conditions hon large 
a drainage s t ructure  should be. It should not be l e s s  than one 
foot i n  nidth or  height, t o  avoid choking. 



In  nzny places w%ere a, sna11 culvert  seems t o  be needed it  
mould be be t te r  t o  build a lot;-water ci.ossing, which i s  merely 
a del2ressed section of thc t r a i l  paved with f l a t  stones, This 
device i s  used i n  Great Srnolcy Mountains Na.tiona2- Park ?,t the 
heads of coves where there may be a rush of water during storms, 
but only a l i g h t  flow from springs during dry weather. Culverts 
:lave been b u i l t  i n  some cove crossings with the roof of the cul- 
v e r t  below the grade of the  t r a i l ,  and the t r a i l  depression above 
i t  i s  paved f o r  a distance on each side. Vater i n  excess of the 
ccpacity of the culvert can go over the top v i t h  no damage. (see 
Si~ctch iTo. 20) 

Side Drainar~e Combined n i  t h  Trail  Surface Drainage . Some- 
times i t  i s  necessary to  drain a trail surface to  the inside, 
against a Sank, providing a catch basin, or llduckt s nest1', a t  
the end of the culvert, The amount of water shedding off the 
t r a i l ,  as compared n i t n  the amount coming from the side, may be 
la rge  or  small. Draining a surface i n  t h i s  may should be avoid- 
ed, but mnere i t  i s  necesszry, t i e  side ditches should be paved 
with f l a t  stones, t o  prevent undermining of the back slope. (see 
Sketch No. 21) 

The only par t icu la r  requirement for  t h i s  type of culver t  i s  
to  carry the catch besin n e l l  i n t o  the bank, even channelling in- 
t o  tile slope to  keep i t  anay from t r a f f i c .  The back mall of the 
catch basin should be carr ied f a r  enough up the slope t o  be stable, 
and 'dl danger of erosion around it should be foreseen and pre- 
vented. 

Vater i n  natural  Channels . E st ablished c '~umel s  determine 
the location of culverts, and the amount of nater  t o  be served 
Can be estimated n i t h  reasonable accuracy. Any depression, even 
one coming from a s m a l l  snrinq, i s  the e s t d l i s h e d  drainage chan- 
riel i n  that area. This can be proved by the absence of erosion, 
~ m d  the presence of cover, on n e a b p  surfaces. The amount of 
run-off at f loo3 stage c m  be es t inatcd by l i n e s  of d r i f t  l e f t  
by high nater,  scouring at the bases of t rees ,  root systems ex- 
posed by scour in^, f resh surfaces on rocks below old stain-b~nds,  
shrubbery t i l t e d  dom h i l l ,  <and other signs. 

The culvert  must be la rge  enough to  carry flood nater. And 
i t s  floor must be a t  the leve l  of thc ~ - ~ n e l  bed. These tno fac- 
t o r s  determine tile s ize  and s - m ~ e  of the structure.  There there 
i s  any choice, the culvert shou'd be vide, ra ther  t e a n  d e e ~ .  

If the drained slopes are  bare, and erosion i s  t o  be retarded 
u n t i l  cover grows, a catch basin can be b u i l t  at the intake end of 
tile culvert with dry na l l s  b u i l t  high enough to  form zn impounding 
basin behind them, where the flood nater  can deposit i t s  s i l t  be- 
fore seeping into  the culvert. But i n  such a case special  care 
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must be tdren to  protect the cydve~ t  riith ning r:dls, s o  that  i m -  
pounded vtater w i l l  no(; f ind  a passage along the n d l s  of the struc- 
ture  mc? eventually !-;ash out the t r a i l .  

Qqes  of Culverts. Preferably a l l  culverts should be made of 
stone, using dry or mortar jo in t s  as  prescribed by plans, general 
ins t ruct ions  or  loca l  conditions. The ends of the t d l s  should bo 
flai*ed, as  a usual practice, t o  hold the f i l l  above, and t o  prevent 
scouring by flood .i;ater. Care should be taken to  keep the inside 
surfaces uniform and snoot'& to  prevent debris from catching. A 
culvert  should extend a foot o r  two beyond the edge of the t r a i l  
on each side, and the t r a i l  widened t o  the head walls of the cul- 
ver t .  The bottom of the culvert should slope not l ess  tllan 3/81! 
per  foot. 

Blind Drains. The>se are not as desira'ole as they m i g h t  be. 
A t  f i r s t  they c,arry water very t;ell, but there i s  always the l ike-  
lihood that  t he i r  surfaces n i l l  clog with s i l t ,  so Chat they n i l 1  
not continue to  function. Their vorst f au l t  i s  tha t  they remain 
frozen i n  the spring a f t e r  the t r a i l  surface has begun t o  tilati, 
A t  the time when the trail surface i s  l e a s t  able t o  carry t r a f f i c  
and nithstand erosion, tho frozen drain n i l l  not take water. 

A ~ ~ a t e r b r e a k  should be extended far enou@ in to  the bank on 
the upper side of the t r a i l  t o  prevent nnter from cutt ing 'around 
it. It may be nccess,vy t o  cut a trench in to  the bank t o  accom- 
p l i s h  th i s ,  tam~in:? t'iic d i r t  back afterrfard. Both ends should 
be anchored behind rocks or  t rees ,  o r  firmly stcked i n  place, 

The p i tch  of a caterbreak, or  tile angle a t  rhich i t  l i e s  
across the trail, i s  very impr tan t .  A def in i te  re la t ion  between 
the slope of the t r a i l ,  and the pi tch of the riaterbreak, must be 
established by experience i n  each location, This re la t ion  depends 
upon the nature of the s o i l ,  and may vary greatly on different  sec- 
t ions  of the t r a i l .  On one section tilere ma;. be a s t i f f  c l ~  which 
does not nasil. On another s t r e t ch  there may be a l luv ia l  soi l ,  vhich 
ti511 rrrtsh badly. 

As one of t ~ o  extremes, take a section i n  tough clay on a flat 
~ l ~ p e .  Here there i s  very l i t t l e  &ager of 1-:ashing, and the breaker 
Can l i e  o r  a steep di tch carrying off s i l l  of tine ez t e r  qu-ickly. I f  
i t  rjerc l a i d  on c f l a t t e r  pitch, there would be dnngcr 05 depositing 
s i l t  behind the breaker, m d  putt ing it  out of use, as  i n  Sketch ?To. 
22, Figure D. 

F9r the other extrexc, consider 2. section i n  z l l u v i ~ l  s o i l  on 
a steep slope, Plashing n i l 1  occur here on the slig$test incline, 
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so the breaker crust l i e  &most s t raight  across the road. If i t  i s  
given a more pronounced pi tch the water m i l l  h i t  the breaker, turn 
off acToss tke t r a i l ,  pnd r;ash a cross-ditch as  i n  Figu~.e 3. The 
breaker log n i l l  be nashed ant, and tile nater  n i l l  go on down the 
t r a i l ,  making an additiond. load for  the next Bredcer t o  carry off. 

The spacing of bredrers cannot be determined hy ,any rule, l u t  
there are three partici~.lar locations rhere they should be ?laced: 
(1) Knere there i s  a d.cpression o r  nnsh, tho breaker should be set  
belon; ( 2 )  On sharp cuvcs,  tho bredmr should bc set  n e t  the upm 
h i l l  entrance o f  the curve; and (3) ~t chances i n  the trail g d e ,  
the breaker should be se t  just  above the bresk i n  grade. 

No h m  i s  done i f  some excess water goes over a breaker that  
i s  carrying a f u l l  load off t o  the siclee It  i s  be t te r  t o  se t  then 
so tha t  t h i s  occurs i n  heavy downpours, than t o  pi tch thc breakers 
so that excessive scouring occurs dongside the logs. I f  c,areful 
stud;y i s  given t o  the be'havior of bre,akers i n  different soi ls ,  and 
on different slopes, i t  w i l l  be possible to  reach a rcasnnable bal- 
pace between scouring, as  one extreme, and sil-ting up, as the othcr. 

I n  Sketch No. 22, ItA", llgll, and ItCll indicate t h e e  rnethods of 
se t t ing  breakers. 11AU i s  the correct method with the grade below 
the breaker f in ish i rg  flush v;itii the top of the log. i7ilen se t t ing  
i t  i s  be t te r  to f i l l  rather full back of the breaker and then tamp 
the so i l  vel: t o  prevent s e t t l i n g  and the con~ec~uent exposure of 
the breaker. The grade above and belon the breaker should feather 
r~ ice ly  into the grade of the t r a i l  and not Leave a 11bu?9" as snom 
i n  rrB1t. Then breakers are sot  i n  $his manner tney are secwrc and, 
since the grade at the loner side r ides  the breaker, these arc not 
v is ib le  when one looks up the t r a i l .  

"C" indicates a method not d e s i r a l o .  It 5s not as secure, i s  
more noticeable and forms a treater o3struction t o  sturnble over. 

The following 2re conditions, frequently encountered, that  
require careful study t o  secure proper drainege. 

On ground vhero there i s  no aypreciatle cross slope, the t r a i l  
i s  frequently b l ~ l t  as shown i n  1 1 ~ 1 1  of Sketch Wo. 230 Turf i s  cut 
from the t r a i l  bed pxd raked cff to  the sides, making p i l e s  that 
confine water t o  the trail and cash i t  out. On such locations, the 
proper met,hod of constructioll y i l l  usnrlly be t o  vork out shallom, 
rounded depressions, not ditches, a,t tile .-,ides, and the good so i l  
from these excavations used t o  s l ight ly  ra i se  the t r a i l  bed form- 
ing a dry, no11 drained trail bed i n  net neather. In  soriie cases 
i t  n i l 1  be necessary t o  gat-her additional f i l l  from m c t h e r  cL?C- 
t ion  t o  ra i se  tho t ~ a i l  bed, "5" i n  Sketch No. 23 indicat,lx the 
correct method of cons t ruc t io~  i n  t h i s  type of topoga.pil;r. 
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Water should be directed a17a;y from these drainage depressions 
nherever conditions w i l l  permit. 

Sketch No. 24 indicates types of construction used nhen t r a i l s  
fo l loe  old road o r  ra i l road grades. 

ItA". This sketch indicates the method used i n  Itthrough cuttt 
sections. It i s  not a desirable solution, honever, and should be 
avoided nherever possible. 

"Elt . This slions a condition frequently encountered rhere there 
i s  a seepage of r a t e r  for  some distance from the bank above the 
t r a i l  ~k i .ch  n i l 1  keep the t r a i l  bed continually net  i f  the rjater 
i s  not disposed of sa t i s fac tor i ly .  Here the t r a i l  bed i s  ra ised 
and the seepage caught i n  a rock f i l l  which should extend along the 
t r a i l  fo r  the distance that  the seepage ex is t s ,  and from there con- 
nect n i t h  one or more culverts. 

Mounds of ear th  similar t o  those shown i n  "Ct l  should be graded 
off, or "daylightedll, nhen they ex is t  on an old road location t i ~ t  
i s  being converted in to  a t r a i l  or truck trail. 

REKOVAL @TI OBLITERATION 03' SCARS I\,IA.DE BY COITSTRUCTION 

The i d e d  t r a i l  i s  one tLa,t appears t o  be old, with natural  con- 
di t ions  prevail ing along the s ides  and no signs of construction such 
as  axe marks, f reshly broken stones, rock walls, freshly cut stumps, 
o r  rav banks exposed to  view. Also one that  has but l i t t l e  con- 
s t ruct ion nork v i s ib le  such as  rock n d l s ,  etc.  l?hile time it- 
se l f   ill eliminate or ob l i te ra te  m a n y  of these sig_rs of ,?xt i f ic ia l  
work a s  i s  shocn on some of the exis t ing ra i l road  grades t-hat have 
gronn over, t i i is  should not be used for  an excuse, as i t  often has, 
fo r  leaving disorderly conditions along nenly constructed t r a i l s .  
It  i s  the desire of the Park Service t o  hasten the healing process 
by sloping banks, end i n  evwy n w  create conditions t'k-t rill as- 
s i s t  nature i n  res tor ing n a t u r d  cond-itions. For t h i s  reason broken 
rock and debris should be removed, covered over or l a i d  flat on the 
ground  here i t  can be eas i ly  conceded by natural  grovth. 

A careful foremm sill not tu rn  loose dl the rock th?.t i s  
taken from the t r a i l  excavation but rill use t h i s  i n  f i l l s  belon the 
t r a i l  as par t  of the t r a i l  construction. 

SXCURING FIRM TRAIL BED 

Trails should not be b u i l t  on top of peat or l ea f  mould beds. 
FTwn t h i s  condition i s  encountered as  i s  the case mzny times 17hen 
passing through heavy grovths of Rhododendron, the en t i re  depth of 
sof t  material should be excavated t o  make a so l id  bed that  i s  well 



drained and \;ill remain solid. The leaf  mould znd peat removed 
should be used as  topsoi l  on other par t s  of the t r a i l  and for  
planting operations. 

Some plaxting may be done by the foreman (during h i s  construc- 
t ion)  with the material he takes out of the right-of-nay nhen he i s  
clearing. Good pl,mts should be carefully taken up snen clearing 
and planted n a t n r a l l j  i n  places tha t  are bare or they may be used 
to  concecal signs of construction. In a l l  planting the guiding pol- 
i cy  sho-dd be to  create e, condition that  i s  as  nearly natural  a s  
possible. lTo planting should be so ?laced tha t  viien finished i t  
v i l l  be evident t -at  the planting -has been a r t i f i c i a l l y  s e t  out. 
To accomplish tL is  i t  i s  necessary to use l i k e  var ie t ies  and each 
var ie ty  i n  a l i k e  proportion as E t  i s  found g o r i n g  natural ly  i n  
the zrea. Lezxes ~ ,nd  l ea f  mould may be scat tered over the ground 
arouna new ?l,?ntiq? for  protection and to  a s s i s t  i n  cntcning natu- 
re1 2:o:iths i n  ner; constru.ction areas. Planting i s  best done dm- 
i:lg the f d l  m d  n in te r  months, yet  one should not neglect the 
dociduous (non-evergreen) types i n  h i s  planting. The r e su l t  of 
using a so l id  evergreen plcnting may be the creation of a, so l id  
be l t  or  ne;; material d o n g  the t r a i l  t*mt i s  quite dif ferent  from 
the nearby n a t u r d  grovths. 

Foremen, i n  t h e i r  e~thusiasm,  often depart from the t r a i l  
locat ion and attempt t o  l=dscape nearby areas such a s  springs, 
streams, etc., and cut side t r a i l s  t o  nearby features. These 
side features a re  important but they should not be attempted vith- 
out consulting a representative of the Landscape Department. If 
a landscape foreman i s  not present i n  tile ca-p, a request by the 
P ~ o j e c t  Suprintendent 1-;ill be immediately recognized. 

CJ-J3ARITTG T E  RIGHT OF 17AY AT\ID TRAILSID3 CTJEMm 

The inst ruct ions  given bJ the representative of the Branch 
of Forestry should be fol lored i n  the disposal of material cut 
from the t r a i l  and i n  the cut t ing of dead timber. 

The Landscase Departnent i s  pr incipal ly  interested i n  t h i s  
operation i n  areas i~med ia t e ly  adjoining the t r a i l  and a,t par t ic-  
u l a r  1oca.tions ahere there may be more a t t r ac t ive  viens. I n  such 
cases the Landscape and Forestry representatives n i l 1  j o in t ly  sork 
out a sa t i s fac tory  solution. 

The foliol-iing i s  a se t  of ins t ruct ions  issued by the Branch 
of Forestr2r for  Road and Trailside Cleanup: 



1. Dead and donn timbcr s h a l l  be ?laced f l s t  t o  the ground 
and pa ra l l e l  t o  the contoxrr on a s t r i p  a reasonable distance beck 
on each side of the t r a i l .  I n  most cases t h i s  s t r i p  n i l l  be 100 
feet .  The only exception t o  t h i s  general. ru le  i s  th,t a reasonable 
number of dead t r ee s  should be alloned t o  stand d o n g  the t r a i l  so 
fo r  n i ld l i f e .  

2 I n  case of extrerne concentration a -portion of the donn 
timber may be renoved i n  order t o  place the remainder f l a t  on 
the ground. 

3. A l l  limb nood she-id be removed from the boles of the 
t r ee s  and e i the r  burlled or scattered.  

4. Burning sha l l  be done i n  the road or t r a i l .  

5. Then limb mod i s  scat tered i t  siiall be carried beyond 
the 100 foot s t r ip .  

6. Do not renove the forest  l i t t e r  or ground cover. 

7. Treatment i n  the past has been t o o  intensive. 

8. The treatment i s  f i r e  hazard reduction rather than 
clemu?.  he term i s  misleading.) 

The - time t h ~ t  t h i s  cutt ing i s  done, i n  re la t ion  t o  procedure, 
however, i s  of great  ii.l:>ortmce. I t  =ill f a c i l i t a t e  t r a i l  con- 
s t ruc t ion  great lTT i f  t ~ i s  c l e a n q  i s  d9ne i n  advance of construc- 
t ion,  since i t  has been proven i n  many cases tha t  vhere cleanup 
f9110T;s construction, r;alls are  knocked donn by f a l l i n?  t r ee s  
an& finished slopes and t r a i l  beds are torn up v i t h  the r e su l t  
t&,t muun worEr must be done over. I f  fo r  an;. reason t h i s  cleenup 
must be de lg~ed ,  o r  i s  not done a t  the time of t r a i l  construction, 
%fie foreman snouLd cut taose t r ee s  that  are l i k e l y  t o  fa31 on tile 
t r a i l .  

Portyonin@ t r a i l s i d e  cleaxwp u n t i l  a f t e r  construction i s  a 
vastoful,  poorly planned method of procedure. 

The qnestion of '4101; f a r  t o  20 on t r a i l  f inishing i s  frequently 
asked. It i s  not p rac t ica l  t o  do such refined grading as n i l l  
n9t stand xp under the re la t ive ly  s n d 1  amount of maintenance tha t  
those t r a i l s  ;-;ill probably receive i n  the future. The best anslzer 
t o  tehis question i s  t'mt t r a i l  f i n i sn i rg  siiould be carr ied t o  such 
a point t'ht erosion -- n i l 1  - be discourac;cd and natural  ~ r o n t h  v i l l  

encour.?t~ed. Such finishing can be ju s t i f i ed  from the prac t ica l  -- 



stzndpoint. A l l  t r a i l s  w i l l  require occasional maintenance work 
i n  the future t o  
that  t h i s  upkeep 
fac tors  i n  t r a i l  

keep them i n  good condltion. 
w i l l  be ke2t t o  5 minimum, i s  -- -- -- 
construction. Then banks are  

Finishing then so 
one of the siding 
not properly sloped, 

tv,dls not well b u i l t ,  ,and drainage not properly provided, there w i l l  
be a c~ns t ,mt  maintenance job necessary with the resul t ing increase 
i n  cost of upkeep. 

C8re should be tdzcn In  the use of dynamite t o  see tha t  a l l  
surroundinLy vegetation i s  properly protected from possible scar- 
r ing  by flying c h i ~ s  of rock. This c m  bes t  be done by wrapping 
of sacdl  g r o ~ ~ t i i s  and by the use of mats i n  places nhere large 
areas nicht be scarred. 

Tfierc blas ted and bro!:elz rock cp.n be concealed without much 
addit ional nork o r  dnm,?,;e t o  adjacent vegetation t h i s  should be 
done. Oth-r17ise the fragments should be scat tered so as  t o  api)eZ,r 
natural ly  pla,ced ra ther  tlm,n appearing 3,s t h o ~ ~ z h  placed by hand. 

In  blasting,  i t  i s  well to  use i n  sone nay a l l  of the rock 
t h ~ t  i s  blas ted i n  order t o  climinnte the scar -anless tho remnmt 
i s  of sucl  s ize  timt f w t h e r  blas t ing operations w i l l  be necessary 
t o  >laJcc thz remaining ~ i e c c s  small enoqyh t o  %andlc with She avail- 
able e quipaent . 

A rat7 cut through a noodland i s  not a t r a i l .  A t r a i l  shoiild 
look as ti1oui.h i t  has d n a y s  been there: :m in tegral  par t  of tile 
landoca.~e. Tra.ff i c  a,nd vreatilering are necesscry t o  bring t h i s  about, 
even n i t h  tile best :~orlana;lshi_n, but much c,m be done t o  -hasten the 
process. Or2anizing the nork so a s  t o  leave every section of the 
t r a i l  complete as  soon as j~ossible  has most t o  do n i t h  t h i s  resul t .  

Worlc Or~arnization neons th::t : 

1. Eie cleznup along the locat ion should be kept f a r  ahead 
of construction. 

2. Drainago plans s"l01~l.d be made for  every section i n  advmce 
of constr-vcction. The met-~iod of carryin;; off the water should be 
determined, alon, with the location,  type, s ize  a d  material needed 
fo r  every b n i n n ~ e  structure.  

3. Sone use should. be frjmd for  311 material, wasting ads 
l i t t l e  as ~ossib1.e. 



4, A minimuii of material s hould be brougiit i n  from the out- 
si&e. 

Star t ing Point. I t  i s  not necessary to s t a r t  x t r a i l  a t  the 
begimin--;, i f  some other point i s  accessible for  transporting men. 
If a green cren i s  t o  do the nork, mistalces 7 ; i i l l  be made ~ ih ich  may 
lezve scars. Suck s m r s  czn be more ensi ly  eradicated a t  some 
point farther up the location, or they n i l 1  not be so noticeable 
there as  a t  the beginninc of the t r a i l .  The f i r s t  section of the 
t r a i l  silould ra ther  be l e f t  fo r  s o w  unuswl;. good work a f t e r  the 
CreIi has acqu-ired s k i l l  and experience. 

On every t r a i l  there i s  m accessible point nhere excess mate- 
r i d  n i l 1  be taken out, n i t h  other poiilts nearby vhere t h i s  material 
c2n be used. The rock i s  needed for  culverts a d  n d l s ,  and d i r t  
for  f i l l s .  T-~e top s o i l  i s  needed for  f inishing slopes, and the 
plant  ma te r id  for  protecting them. 3ven an excess of l i t t e r  may 
be used some~7here t o  cover a rav; f i l l  o r  a p i l e  of rock spalls .  

There i s  no reason ~ 7 q r  a t r a i l  must be finished progressively 
fror.1 beginiling to  end, i f  any economy of time o r  material can be 
rcaJized b:] finishin;: one section ,and then s t a r t i ng  again a t  some 
distance, O r  i f  t c o  crens are  t o  ~ i o r k  on the t r a i l  they need not 
nor!: a t  random ?oints, cilen they c m  bo so placed as  to exchange 
nat c r i d  and eu-uipment be t m  en them: 

One Creti t o  a section. Each crev; should be complete i n  it- 
s e l f ,  and f in i sh  one section of the trail, except for  clean-uy 
2nd blasting. Sometimes i t  i s  be t t e r  to have a separate cren f o r  
buildin2 culverts and walls. But once a creli begins a section, 
c e r t 2 . i ~  men5ers can be cut out T o r  special cork. One enrollee 
:;ill becoine especially good a t  bank slopin;;, another t a i l 1  s h o ~  
more understanding of f ine  ~ra,ding,  tl;o o r  three v ; i l l  l ea rn  hor; 
t o  take up a id  plant shrubs, and some lender m3.y be t rusted riitil 
s c t t i n c  side stzkes ,ad slo-?e stakes zhead of the crev. 

Romoving Treos from the Locntion. I f  i t  i s  l e f t  fo r  the 
t r a i l  cren- t o  renovc t rces  from the location, a squad should be 
sent formard t o  remove them i n  the r ight  liay. Where possible 
these t rees  should be heeled over, rather t'na,n s a ~ e d  off--1eav- 
in,- st1112ps to  be grubbed out. This ca l l s  for  t r o  inen to  uncover 
roots  a d  cut them, and trio others t o  r i g  tile tackle for  pul l ing 
then over. Considerable s k i l l  ! T i l l  be developed i n  heeling t rees  
30 as t c  ~ U l l  tho tap roots. After they are dohn theymust be 
disposed of i n  1;hatcver manner i s  prescribed. 

Finisiiing the Trail .  Each section of the t r a i l  should be 
finished a t  a reason~,ble d i s t ~ n c e  behind the r o u g h  excavn.cion. 
This means that  the bank s1o~i.n.-; has passed inspection, the nelr 



surfaces ?.re :?lanted with su i t ab le  nat ive species procured nearby, 
and l i t t e r  has been ca,s t over 2.11 f r e s h  s o i l .  Al-1 timber, brush, 
r s fuse  at burnisg p laces ,  2x6 constr~zction m a t e r i d s  ii2,ve been re- 
moved. A l l  dr,?,iaa.ge s t ruc tu res  have been obscured or faced down 
viith y1anti;:g. Bi t n i n  a gi-ren s e c t i ~ n  tile transformation from 
untouched aoodlend t o  park t r a i l  should be complete. 
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