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PREFACE 

Tne Uni~::!d States Depar-...:nen~ of Ag:-ic:-..u-:u~, Soil Ccnserration Service (SCS), 
a"t the request of the Depa.!'t::xen~ of the Navy, Paci.fie DiYision :-raval 
Facilities Eng:.neeri."lg Com.::2nd, conduc4;;d, a. p-reli.:rina._, :-ec:::nnaissa.. .. ce of 
the isla."14 of !a.hoolawe in Nove!!lber, 1978. Recom::ne~c.a~ions ~e=e presented 
to the Navy a.fter the review - that a conser,a:tion progr2l!l be developed. anci 
implemented on the. island, and that tmique techniques not necessa=ily 
reflected in the SCS Tec.,nical Guide be utilized to :it t...~e unusual condi-
tions found on Kahoo la.we. 

On Febrl.!3.ry 6 1 1979, a cooperatiYe ag?"ee!:lent for the c.evelopmen"t of a 
conservation progr3..lll for Kaboolawe was signed bet:"h'een 1:J.'-ie Navy and t.he 
,Soil Conserta"tion Serrice. 

T.ais plan is t..1i.e resu.l:t: of t.i.at agree::ient:. 

./ 
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PLAN SUMMARY 

This plan presc=ibes conservation t:reaoent needed t:o reduce erosion and 
• c-eate more favorable conditions for =e-establishing vegetation on app:-ox-

imately 10,000 ac=es of b~n, eroding land on !<ahoolawe. 

Erosion proble!!lS L--1 tbis area a.re c::rniple.:c. Overg-ra.=.;ng by fe-:-=-1 goats and. 
sheep, sL,~ t.~ei= int::oduc~ion in the late 1700 ' s, has reduced vegei:ation 
to a poi!l.1: t:.11at: comoined wind a.-icl. water erosion have e:-oded 1:0.st: of t::e area 
down to bare red pa=ent materitl (saprolite). T.1is, i.--i comoinat:icn wi-c!:. t:!:.e 
c::lnstant wind and ;n-cer.n.it-.:en-c, in-cense rai.-rifall a.mi eri.st:i::g la.."ld use, has 
ereated 2n environment t.hat restricts natural re-establishment a£ vegetation . 

Earlie~ coope:-ative efforts between _t.he U.S. Navy 1 t.tie U.S. Soil Cor.se::·va:t:ion 
Serri.ce, and the Hawaii St.ate Division of Fores~ s~rppor.:ec by t~e U.S. 
Fa-rest Service have resulted in t.'1.e developmen.: of some t:ec.,niques for 
~ccessful esta.blishmen't of vegetation on the isla.--id .• 

These techniques, along with contol of grazing a.-iimals and o-e.~e:::- soil erosion 
cont=ol measures, will be utilized to c=eate a more favorable envi::-:mI:J.en.: 
allowing re-'tegeta.ting the bar.:en por't::.on of t.½.e island. and recu.ci:lg wind 
and wateT erosion. 

. I 
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DESCRIPTION OF T.:-:~ ISLAND 

ICa.hoolawe has an a-ppro:ci:rnate area of 28,800 ac:::-es. I-: is wecige-sha:?ed ~"l 
• ou~line, abo~-rc 11 miles by si~ miles at the wides-.: poin1:. Its su=::ace is 

undula-cing, do1:-ced with a series of six small volc2nic c::-ate=s. t...~e highest 
of which reaches an eleYacion of l, 4 77 fee-c on the eas-cer.i end. of t...'le is la."'1.d.. 
Some of tb.ese acc~ulate wa:ter to fom te!!!pora:::--1 na-cu~l ~se~voi=s a=-:e:-
heavy ::-rins . 

On t-h,e S""U ... I. ::n,d .. _,,.,t- ~;.,e land ~l.S· ~s .::...... -ho C: ... .: ... -· - t.: .:.: ,..__ -\., - .., i..u - ...... - -• .. ,._ ~-"m ... _ ... -e= ....... o .. _T'!J ._ c: _____ s. ....i 1.....e 
nort..i. a.nci west tb.e slopes are more gen-cle, wi~i. g,.1lc:.i.es c:~-c-:ing cee:ily bad~ 
£~om rnll bays. There are a few S!ilall sandy beaches, especially a-.:. the 
western end, but mos1: of 'the shore is rocky. 

Many a~cheological sites are present on the is!a.id. A nt:be= of t..i.ese sites 
have been uncovered a.s a ~sul t of erosion over a:t lea.st the las;: 1:-,..,0 
c:en-curies. . 
Almos-:: two-t.i.i.xds o= the island, the portion lac.~-ced be~,1een se2. leYel and 
app-roxi.:n:a.t:ely 700 feet eleYai:ion, is partially covere~ .wi t.i. !<i.a.we anc. va::-i-
ous shrubs a..--id g:.a.sses. T"ne ~!!!2.ini.ng portion, appro:d.,.,a-.:ely 10,000 ac:.-es, 
lac:1t:ed becween iOO fe~t a.~d 1,477 feec elevation, is nearly ba.rr-en and 
acti~ely e~di.~g. Some scatt:ered clu::rps of vegetation exis-c LJ. this a.::-ea, 
but are ba_~ly e:dst:i::ig and sta,--i1 lit-cle cha.,.ce of increasing or spread..:.r:.g 
ender the harsh condi-.:ions cey are subjest:ed to. 

T'.ne esi:i::lat:ed ave::-age ar.nual ::-ain.::all !"2-Ilges .:_01:1 . 2S inc:ies a.:: t.i.e higher 
eleva-.:ions to 10 inches a-.: t.'le leeward, lower eleva::ion areas. Muc:.~ cf the 
rain:fall comes i.i t.he more in1:ense win.:er-Kona st:or.:is. 

The ba::-ren, e=oded a:::.-ea on t.i.e isla~d needs c":ise-:-ra::ion t:::-ea::::::en-.:. Mos-.: of 
the soil material on appro~i7~tely 10,000 ac.:::-es has been re=ovec oy -..ri_.--ici e.-J.d 
wace= erosion, le2.ving a red hard. su-rface c-rer :n:.=..~ o= -:he a=ea alcr.g wi-:.!t 
nut:er-ous gullies. Sedi~ent depcsi::s a::-e fot=tc in t~e co~t.a.l ~ate:.-s en ~he 
norc..i. shores, ar:c lml=':<y ~d. wa1:e:::.-s can be =ou.--:d a 't va=ious lcca ::ions unc. 
t.he isla.'1d af-:er eac:1 r..moff-prociuc.::.ng ra~--i. 1:1i.s c::nc.i'ti.cn is ,:he resu.!.:: 
of a.l=os't· 200 yea=s of unc::n~~lleci g::a=ing by =e=-il shee?, goats e.-J.C ca~~l~ 
,.,•n~,..:., -=-0 • 1 V - -- 0 ....: -:..,:a. ·:-"~..,J .J•'tCU_.; __ -,-.s- c· .: -:...a 'f~r.-.a,---.:o- ,. . .;-~..:- ... !., . .;_ ,. ....... ------. -Oc:.,:.-- '-··- ~.:>~-•~ '-- ........ :!, ..... ... .._ '--•- -~- ... .:. .. - •• .~ - --•~• ...... e __ 
~.ac..;.. Tne c:rn~.:.;!:.:ous e-=9os-.=ce of -:=.e l~-:d :: ~.!S-cing ~~=.e ,.;:.nc..s, L'-~==-
~~-=~n: r-~n.i:.ll, along ·,.;~::!l !a.."=!< o: soi! u1a.-::=iz! ~;.C. le-;., fe=-::-.!..!:::r, :las 
pre11enc~d. ~,:y· !.::..=-;e-s~:a.le r~-::=:a.l :-e11e~e"t~-:=.-:Jr:. 

end of 
veh:.c!es. 
soils wi!l 

isl a..~~ to S'm15g l e=s' C::>'re has c:a.;..!..S ed. ::.a.:::..::-~= :.:.s c::n ~:.. c:. ':ins ==--:-
w:. t=:cu: p-:-~pe~ ccr::se:--:a:::.cn z~~~.:=-1e.S ~-:-=. l.ar.:! .. !a-~co:~~•-a . . c~n:~~~e e=~ce. 

:te!':.a!Ji!.:.~a~::.-:r:. o-f :<c-~:cl=.·,.;e ''4f·i!l -=eq:..::.=~ ~=~::~r?.-:-:-~:::c :?==j-=-: c~1e~ a.~ 
ex-:=~~~c ~e~cC c= :~=e. 1-~~=-e is ~o 
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DESCRIPTION OF THE ISLAND 

!Cahoolawe has an appro:ci.mate area of 28,800 ac::-es. r-: is wedge-sha.?ed L"l 
• ou1:line, abom: 11 miles by six miles at the wides-: -ooim:. Its su.=::ace i .s 

undula.:ing, dot~ed with a se=ies of six small volc~ic c~~e=s, t.~e highes.: 
of which reaches an eleYa-cion of 1,477 feet on the eas-:e-::n end of t.i.~ is l:;.."lc.. 
Some of ~hese ac::~ulate wa.:er -:o foci te!!!pora:::-y natu=-al t1?se~1oi::s a=:e::-
heavy :-tlns. 

On the sout.'i a.'"l.d eas't t h e land rises r=cm the sea L,. abr.rnt c.!..1.::=s. Ca t!:e 
nort..~ and west ~he slopes are more gen~le, wi-:h ~~lc.~es cu-:~ing dee~ly back 
f~om rnll bays. J'here are a few Si.Jal! sandy beaches, especially a.:_ t .he 
western end, but most of the shore is rocky. 

Many a~cheological sites are present on the isla..,.d. A nt:ber of ~~ese sites 
have been uncovered as a ~sul t of erosion over a-c leas~ the las.: t-...-o 
cen.:uries. .. 

Almos~ two-thirds o= the island, the portion loc2.'ted be~,1een se2. !eYel and 
a.;,proxi~12:tely 700 feet elevation, is partially covere-.:i .wit.i. kiawe anc. va::-i-
ous shrubs a,.-,.d grasses. T'ne re!!?2.i.."'ling por:ion, a.pp-ro~i...,a:tely 10,000 ac-=es, 
loca.:ed beoieen 700 fe~t a..~d 1,477 feec elevation, is nearly barren c.nd 
acti·tely e~di."lg. Some scat.:ered. clu::rps of 'vege~ation exis-: L--i t:his a::-e2., 
but are ba..~ly e:c.s"ti:ig and stan~ lit-cle cha.-,.ce of increasing or spread.:.r:g 
ander the harsh condi~ions t.!:ey a.re subjes"ted co. 

T.ne es.:i::lated average 2.!".nual =ai.-:.::al! ~-nges :_om . 25 inc.~es a.; t..i..e hig.tter 
ele•ra.-:ions to 10 inches a-: t.'le leeward, lower elevation a:..-ea.s. Muc.~ of 1:he 
rainfall comes i.,. ui..e !!!Ore intense win"ter-!Cona s1:or..is. 

The ba:::Ten, eroded a!:'ea on -:..i.e isl2.~d. needs co:1.ser-12::::.on t:rea-=:en-:. Mos-: of 
the soil llt!.terial on appro~i7~tely 10,000 ac-=es has been re=ovec oy ri,.-,.ci a..~d 
water erosion, le:iving a red hard. su-r:fa.ce c-;er 1:Il.!C..i.. of :he a::-ea along wi-::t 
nu:i:er::>us gullies . Sedi~ent deposits are fotr..~ in co~tal ~,~ers en ~he 
nor.:.i.. shores, anc: ur..i=-:<y r5<i wa-ce::-s can be tou."'!d. a:t va::-ious lcca~ions a~unc 
t.~e island a.f-:e-r ea.c:i _r..moff-p:-06.!~:.ng r 7in. 'I:-:is c:::n~i~:.cn is -:ne ~esu.l~ 
or a.l=os~· ZOO yea::s or unc:::n~~lle~ g-:-a=~~g by =er:a.l snee?, goa-::s a.~c ca~~l~ 
, .. ..: ,..· ..:..o• l y - --a,.; -:....D ·:-"~ .... ..J -=-.,:cu-.; __ -1"""s- c· .:: -:...o ,,~r.-o -r---.; ,...,_ ,- --; -:...:_ -·, .;_ 10n ....... .:1 .:.----. -Oc:.•:.-- '-••- ..:..;>.;._.i;. .__ --•:r. ...... - .. '-·- _6 __ .,,_ ___ ..," .~- _.,.~~ .... e __ 
~sc_~.. T.ce c~n't.::..:-!:.:ous e=9os~ie of -:!":e lQ..l~ci. ~.!S~ing ~=-~=-= ,,;:.ncis J L-;.-:e=-

:-::~n-: rtln.fall, al ong -,.,~:::i la.~:< o: soi! ~~:=i~! a.~C. le~ :e=-::.l.i~:r, :l~ 
prevented a.ny !.z=;e-scale r~~l =~vege-::at:.-:;.:. 

end of ~1.e 
veh:.c.! es. 
scils ;d!.l 

i ,sla.-:d. to Smi;zle:--s' co,,e has c:::.!.!.Sed :.~---..:-~ c::n::.:..i::.-:,ns ::-:-
w: ~::cu: p-:--:p:!= ccr:~e:-:a:::.c7'". ::.~~-:J.=eS =---=-~ !.2....-.::. :::-ea-:=eri."":, :ea...~~o :==.~-~ . . c~n::.~~e :o er~ce. 

'ae?:a:>il:.~a~:. .. ,:,:: of :<a....~~cl:.;...·e 'A·i!l ~ec.:: . .:=-=~ c=.:~~~-:-=-~:::c ~==-J:--: c~,e~ a..-i 
e:c:=~~~c ?er:.cc c= :~=e . -r:~~~ ~3 ~o s~~=~-~=-=-= :~:~~~en. 
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E.WIRONMc'ITAL CONS ID ERA !IONS· 

The procedures recommended will crea-i:e conditions on the island tb.a,: will 
• enco~"'"2.ge spreading of adapi:ed plan,: species already found. on t..i.e isla.7.d. 

The long-te-r.n reveie-i:ation goal of this plan will qe ac:.."lieved tb.~ugn t..i.e 
ins-:alla.-cion of the pr-!sc:.:-ibed conser,2:::ion m.easm:-es, CJa.,y of whic:..l-i az-e 
shor:-ter.n o= te?II?ora...-y. in na:t·.1=-e. ine conser1a-i:~on measu=es selec~ed will 
be compa:ible wit:h t..~e :nilita...7 tTaining operations held. on the isla..,d. 

All loca~ions for conser,ation measures shown or =efe~ed to a=e auu=o~~~ate. 
Specific locations .will be deter..iined onsi-ce at the time they a.re L;stalled. 

The conser,ation mea.sm.-es recommended in this plan will have a long-te=n 
effect of reducing erosion arotmd most of the archeological sites found on 
t!ie isla.Ttd. inese !Ileasures may have to be modified or ins-called. on a ciif::eren~ • scale to p-rotect specific. sites from erosion. 

PROGrtAM !MPLE-!ENTATION REQUIRB!EXi'S 

ine conser1ation ~eas-..ires in t'ris plan are designed to =educe erosion and 
c~eat:e a more favorable envi::-onnent for re-establish~ent of vege~~ion. The 
following fiye poi.,~ _l!IU.St: be met for the presc=-ibed conservation t=ea-c:e!rt 
t:o suc:ceetl: 

z. 

3. 

4. 

The long-teni success of this pla..-ri de'Jends pri!!?arily upon 
success~ul revege-cat:ion of t..~e isl2..1,d.. T.~is makes t~e elimination, 
or at least: ver/ s .:: ... .:.ngent: cont"!"Ol, of feral goats paramou."1.-:. 

The 12-year ttee pla:nt:ing proj ec: L, the Ll.!2. ~fakika. area ;,;ill be 
i.molemented as desc_.:.oed in -che State DiYision o= Fo'!'es-:r/ Conse:--
vaiion Projec~ for :<woolawe. L"l. additicn, o-.::..~er needed erosion 
cont::rol me1Sures will be inst:~lled as shewn i~ t~is p!~n. 

!>n.. • 1, - l , •- :..o,.. t •--.; · •-"T1~-·a,.; •1 'f""t., •a"l9"!.. -nu.ere gu..t. '/ con,.:ro_ usi .• g c.,--X C:.=u.S .. s u1. _____ .... , •.. e a-?--• c:: t.-:e 
gully whe:-e t..he st::-,.:c-::.n:e is built shculd no -c exceec 5 :eet. ~io 
check dao ;,;ill be more tha."1. 4 feec in hei~~t. 

Veget.;.tion will be vla..T1t:2tl onl Y L"l. the ·..rint.e~ ::tenths (Dece:::.be:-
-h-u~h -:; .. ·o-·2-,1 -o· --:: 1• 0 A~.'/-n' --::""e of! -1, .. ,,..: ... .. .,... .,--:,!-c 
'-- - ""' - - ,# J \.. ~-~- e,.(,.;,. '--!:, - '-••- --·--- ---.-•- . 
!ns~al!a~ion of o~~e= rec~n=enCed cc~sarra~ion =ea.5u=~s ce 
C""' _.:.eci. cu<: a;: c.;.-.y t~e. 

year by coo~e=at~~g ~ie~c~~s. 7ec~~i~ues 
lI?.2.Y be ac~e~ 7 ~cd~=~e~, c= s~s~~:~tec a~ 

0 .,.. - Tc:- -- ;:' --·-
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PRIORITIES.. FOR CONSc~'/ATION TREAT.·teIT 

The approxim.ate locations where t=eat..~ent will be applied are sho·.m on t..~e 
• Conser1a-cion Trean:ien-c Loca:tion Map. Treatien-c should sta=-t at t..~e e~si:er.i 

po~::on of the island in T:-eaoent Area I. nie St.a;:e Di11ision of Fo-res-c~, 
ttee pla.nting and o-:.her needed er~sion cont=ol measures will be ins.:alled 
in this area and i~ Area II. Conserra-cion t:-ea-:~en-c should ~~en o~ceed i~ 
sequence to Areas !Il and rv whic~ are also lcczted en t~e easte-:n por~icn 
of t~e island. 

Conserration t=eat:nen-c for ·che road from Smugglers' Cove to tu.a Ma.~ika 
(eas-cem por-cion of the islQ.l,d) will be installed when the next road. 
maintena.nce operation is scheduled. 

Nen in priority will be the eroded area L~ Treatttent A=ea V, the ~ealialalo 
Crater a.....-ea on tile western end of t!ie island. • 

Priorities my ::e-Jcire adjust::nent in the fu-cu:re as needs and conditions 
wa:: _ :an 'C. 

TREAD!ENT 11:CBtI QU'ES 

1. Treanent Areas r, II, III, PT, a.-i.d V 

The va:rious -eypes of la.-i.d · t-reat:::tents to be used ~e desc=-ibed below wi~h 
illus~rations a.~d tec:ir.iques for application (see P-=ocec:·-es 1-10) 
following. 

A. Tree Wind.breaks - All wi.'11.a.'brea.T.cs will be a ut:.n~ ... tmt of t.1-i=ee :-ows 
0 ~ r~ ...... r;sr,. f'-OAS (T"'""!_.,..;s'· --·nv71 ::) '•'i l"' ,.;•0..-.. .,, i.5 ""I"'''/' o- ,...-, not - ~ - - n.. .____ .. c..i.,~G,_.- ., GIJ , --- • ,f_.,...."'- ---'- t.&J,,,;..• -• '--"-' 

be supple~ented· wit~ a row er bui=elg _ __ss (Ce~c.~::-,.:..s cil~a.=-~s1 on 
t~e leewa=ci sice 0£ wL-i.c."brea.k (see P~cecc=es l c.J:c iO). 

B. Soil G.!"abbe=s - tow wind bar=ie=s will be i:ls~a.l!ed ~=ap se~.:=.en~ 
so that c-:-a.ss ca."l be established a.-ici to ser-re a te::rcor:?.::-r ;.-i::d.-.:.- . . 
break to p~tec~ T::0a~isk t=ees ~•d buEielg~~s ~12...;.~~ed tlownw:::c cf 

b ... (seA o..--cc,.; .. ~ 0s ? ::~~ ~) ~- c..----- - . -"" --i......- - ..,.,\..:. ..., . 
C. Sec.:.=ien~ Re~ention C=~~=:-S en Small Upla.~~ D~; ~aie A=eas - C=~te=s 

will be bla.s~ed above s;nall :-:..:ls o.:- g:.1.:i:.es. =2.c.~ -;:=-a:e:-- Ai:.!. ~e 
"".l· .. ·n-... ,.; •J~-:., ;.,u..::.:.,. t.-.--::c-- <:eo...: "r.c.·1 c-
-:- G-4 '-'"-- "-~ •• ...,. ----::,- ~..:. - -- - • I -

nr~·-.be= an~ loc~~i~r. o: ti:esa c:::-1~e~s 
,,c-::,.,.; ; _ '---1-- -·· 
S-.,..~: l :-""----- . '\ 

- J • 
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PRIORITIES. FOR CONSERVATION TREATI·!Err 

The appro:dma~e locations where treat.~ent will be applied are sha·.m an t..i.e 
, Conser1a:cion Trea~e:-rt: loca'tian Map. Treat.em: should st2.:'t: a.: t.i.e e:as.:e=n 

po~:::on of the i.sland in T:-eaoen-: Area I. Tne Sta.:e Division of Fo-:-es-c~, 
~e planting and a.:her needed er~sian cont=ol measures ~ill be ins.:alled 
in this area and in Area. II. Conserra.:ion ~=-ea.:~ent should ~~en cr.:ceed i~ 
sequence to Areas EI and T:"/ whic;i are also lcczted en the easte~ por-:icn 
of the is land. 

Conser1ation t=eat:nent for -che road from Smugglers' Cove to Lua ~1akika 
(eastern portion of the island) will be L~stalled when the next road. 
maintenance operation is scheduled. 

Nex-t in prioricy will be the eroded area L"l Trea.~ent A=ea V, t..'i.e :<ealialala 
Cra..:er area. on the western end of t!ie is land. • 

Priori.:ies lll2.Y ~eqcire adjust~ent in the fuC'..u:e as needs a."ld conditions 
wa:: _ an 't. 

TREATMENT TECHNIQUES 

l. Treaoent Areas r, II, II!, r-r, a..--id V 

The various -cypes of la..'"ld · tteat::ients to be used are desc::-i.bed below with 
illus~ra~ians a.~d tec:m;ques far applicz'tion (see P-:-ocec:•-es 1-10) 
fellowing. 

A. Tree Wind.breaks - All wi.-ria.ore.,,ks will be a m::.ni:ru:o of t..11=-ee :-ows 
of Tamarisk t~es (Tama.risk at:hy!...la.). l'lincii:n:•e-::ks ;;ra.y o::-. i:!2.Y not 
be su~nle~ented· witi a r~w ci bu££el~_.;;.Ss (Ce~c.~:-,.!S cil~a.::-~s1 on 
oe le~wa::-i site of -:..~e wL'"lco~eak (see ?=::icecu=es l a.::ci lO) . 

B. Soil Grabbers - Low wine oar=ie::-s will be i~stal.led ~o ~=-a? sed.~en~ 
so th.at g-:'2.SS C1.~ be est.ablished. a..-id to ser-re as a. 'Cc::!pOr::.:::--r ;,·i::ci.-
b...,...~k• ·o T----~s~ ~-aas 1 •nd ~u::a 1 ~~~ ~1 1 ~~ed ~OWl"!w;-c.• c~ 

_....,...,. 1-,.. :'-""i;.. __ ._ ... - •""- ---- __,.,;. ----.::,-~- - -- ,_ -· -
t.n •• ba..,...,.~~~ (seA o~-ca~ .. ~0s? .,-, 

- ----- - • -"" --~- - ....,.4\,,., ,/. 

will be ola.s~~d. above s;..2.ll :-±.:ls o.:- gr.l.!..i.:.es. 
pla.~,::ed ·,1i::!. bu==~!.::,-·a..ss seeC a.r.C/c=- 2 o~ 3 T:a..wa::isk ::.-e-e.s. T..1: 
n,.,....,be:: mC: loca.tior.. o: t.l:ese c::-2:e:-s ·...-·i.l: be c.e-ce:-_:._-:~:i cnsi :e ·:i:-· 
SCS. Thi3 ~=~a:=e~~ will be used:~~~~=~~~-! ~c ~c7e 
tila.--i 10 ac::es ::l si:e a..--:.c :...-: s~eci~l s i:u.a::.::::r..s •,.·?-.e:-e :-:-ees ~-:c 
g::-ass ~eec :o be es~i~lishe~ (see ~:-:ce~~=e ~J. 



, I 
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D. Stabiliz~,g Gully Heads - Tnis will be accomulished by one or a 
combin2:t:.on of t:wo pr....ma..:.-; t:,rpes of st=-uctir;s. 

(1)- Cover-ing or tyi .. ,g down t."le actual gt.tlly head wi :!i suitable 
materials sue.~ as rock or other anurouriate :iater:.als as . . .. 
approved by SCS (see Procedu=e S). 

(2) Chee.~ Dans - T:i.ese strJ.ct'..lz'es will be ccns-cr-.J.c-:ed L, the az-ea 
from jus.: below the selected gully heads ccwn to a point where 
the gully is no more than S feet 1:n dep1:..~ (see P::-ocedu=es 6 
and 7). 

E. Spot-tree and Grass Pla.n't.;ngs Establish buffelgrass L-i comoL,a'Cion 
with Tamarisk trees to stabilize s.nall rills, gullies and gully 
·heads L~ s.:::ategic locations to serve as a seed source so th~t wind-
blown seed could settle and establish wherever growing conditions ., 
a:re favorable (see- Procedure 8). 

F. Drainage Ber::is and Outlets - The access road between Smugglers r 
Cove and Lua ~ta.lc.;ka should be realigned. in some loca-:ions and 
drainage berms or wa:ter ba...-.-s installed. a.: various inte:;-irals and 
locations de"Cer.:.ri.ned onsi'Ce by SCS (see Procedure 9). 

2. Treat~ent AJ:-aa VT 

Veget.a:tive t=eaaent will be used pri::na...-ily on this por:ion of t.~e isl.and 
since it:. receives r"!gular sc:ieciuled bombing a.-rid sh.el ling. E.:d.s-ci..-ig cc!llO 
caters will be plan~ed to bufielgrass and Ta~a~isk t~es (see Pncedu.::-e 
4). 

If rock is readily available, gully heads may be covered for p~tec~~on 
f~om erosion (see Proceci.u=e 5). 

./ 
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PROCEDUR:£ GUIDES 

FOR 

APPLYING T=:CEN!QUES ., 



PROC:SDO:.S 1. --T~"=::=: WINDB~7<S 

LEG:ND 

(1) Three rows of 7a.marisk ......... -6.C:: '-----. 

-i--· - ·· ·--·-

.. . 
• • • 1 ... . 

--~~ 

.. ·-----~ 
.... 

• I 

(2) Strip of bui::elgr::..ss (may o-:- may not: be L--icluced. in :-idge-ty;e 
wincib.re., k pl a.."'lt:i::i g) . 

?URFO~E 

l. 

2. 

To :---edt:.ce 

To c:a.u.se ce~os:.-::.-:n of wi::db l~wn so:.! 
. ... -·· 



• 
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3. To collect "fog dxip" at higher eleva:tions to i:Ipnve soil ::noisni=-e . 

4. To provide. a seed sou=ce fo-r windblo"'n buf::elgrass seed. (only in 
ridge type with buf ::el gra.s s p la."lting) . 

PUNTING CUTER!..\ 

L .Tamar.;_sk t:rees : 

Withi.,-row spac:....,g - 10 feet be-c-... ·een t::ees . 

Betwee.n-:rcw spacing - 10 feet be-c-;1een rows. 

2. Buffelgrass (single-row planting· for ridge type only). 

Pott:ed st:ock - clumps plant:ed 10 feet 
leeward side of the windbrea.'<. 

in the rcw en 

PUNTING PRCCzDURE 

Lay out windbrea.1<: oer::endic:tla::- to wind direction . .. . 
2. Bl~~ holes for pla..,ting at spacing reccm:ienced above. 

3. Insert two to t.~ree slow-release fer~ili=er table~s i.., e~ch hole. 
· Cover with about l inc:i of soil and. L,ser: ti.e t-::-ee .;:.i t..11e hole. 

Cover roots with soil material and ccmpress soil to remov e e:.::-. 

4. Use, same procetlu::e as in i tez l to 3. above for pott:ed hu::fe lgra.s s 
plants. 



LEG2ID 

T.-ir.!e rows of Tamatisk t=-ees. 
Stri? of bu:ffel~ass. 

-9-

(2} . 

(l) 
(2) 
(3) Sar--...n wind sc::-een, 8 to 12 inc.hes tires or ot:he-r s..x.:.ta.ble ma;:e::-ia.: . 

PURPGSc 

1. 

2. 

To cause deposition of wL'"l.cililown soil a.11d. to provide a 
veg~-cation ·to establish in. 

To . . r-ecuc:e t.::e fc,rce of wi.-id. 

3. To collec-c- "=og d=i;i" a.:t higher eleva:ticns to ~rove soil moist:-=~-

4. To provide a seed sou~e for bu:ffelg.!.a.ss seec. 

P!.ANTI?-iG G.IERIA 

Wit:ii~-rcw spaci.~g - 10 fee~ be-c-~een ~=ees. 
Be01een-row spacing - 10 fee-c :e~ieen. :-ow.s. 

2. Buf=e~g~~s (s;~gle-row plant~ng): Pot:~ed s~oc~ - c!tqs p!a.,~ec 
10 fee-c a"?~ L-i i:!le :::-ow c;i t:1e le-ewa=ci. si-:ie of -~~e wi...~c::-re~'-:.. 

1. 

f .... 

Cove-:- wi -:b. al: al.!.~ 
c~ver ~o~s ... 

---oc ._ __ -- or o~.::e::-

l L,c.~ c i 5.::..1 a..-iC: '.:.:ise=-: ~=~e 
s::>i! z.a:e~~ ~-:c. c:::::p-:-~ss s~:: -:~ 

Use .,,,, acc":e 

. . ::c.;. ~ . 

-c.-,-. .. ,,:a. ---- . -



PROC~DURE - 3 .--c:oI-... .:..., G:? .. -iu3 BE?. 

(3) 

u.seC: .... -- ,...: ...,_ 

... 
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PROCZDURE 4. ---SEDJ:1•1.SNT P..E'!':::NT!ON CR.."'..TSRS 

LEGBID 

(1) Blasted c=ater. 

(2) Buffelgrass to oe established. 

(3) Tama:isk ttees. 

PURPOSE 

L To 'tnp sediment: and r...moff. 

(3) 

2. To pr9vide a ... a=ea to establish t::-ees a...d g:-a.ss that is protected 
f::-om the wind. 

3. To s~aoilize swall rills and gullies ~at ~ore th2.... t~ zeet dee?. 

CONSTRUCTION C1ITE~IA 

l: 

2. 

.3. 

Cra;:ers should be app1:-0::ci:i12:cely 10 to 20 feet :.!l c.:~ete:- ~--:d ::~·:e 
a.~ ave:-age depth of Z to 3 feet. 

Plac~ and ·deto~a:e c~a=ges c=e~~e 
t~e Soil Conser~:a::.~n Sc~:i~e technici.::.:i. 

Sci~~e~ a ~anc=-~1 c: ~u£=e15~~ss 
rake it i~:o t~e soil . 
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PP.OCEDu7..E S. --STABILIZING GDLLY E::::A.DS 

tEGcXJ 

--·-·-

. . 
;. • I ., ' " 

• t 
/ .. 

' ., ' 

I 
\ 

. /. • I 
.L., , 

I 

• I 

l 
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PURPOSE 

, M~TERIALS 

Rock ripra:p, grouti.,g, or oti.er available u12.te=ial a?p::-oved. by t:ie 
Soil Ccnser-,a~ion Se!"'tice tec.i.nicim. 

CONSTIUCTION P~OCEDURE 

l. Blas~ core hole just. below the toe of t}1e gully head. Tne hole 
should be 2 to 3 feet deep and ext:end ac~oss the ~ace of the toe. 

2. Fill the core with rock and cover the gully head (as shown in the 
illustration), working from the toe to t:ie top•of the gully head. 
If rocks are used, they should var/ in si.:e a."'ld. be wec.ged 1 n nlace. 

3. (Optional). Coveri .. ,g the rock wit~- jute netting or f;~e u1.esh OI 
wire necti.,g will encou=age deposition of sedi.:nent and provide a 
media for plan1:s to establish in. · 

4. In some cases, i~ may.be necessuy to st~bilize t~e rock surf~ci~g 
with woven wire, ~ett.i..,g, or grouting. T"nis procedure sho~ld be 

.used as reccn:cended ~y t.~e Soi! Conser,ation Ser-lice tec.i.nicia..~. 
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tcam.JRE 6.--PLA.l'lK C-::EC:( DAM 

---, 
' 

(1) 

'7 

( 8 ) . 

(l) Dam heigh-t and loc:a:t:ion: T.1.e height a.--id locai:ion of the ca.., will 
be de~e::rined by the Soil Conse~ai:icn Se:--rice i:ec:i.--iici.s..~. 

'7) l- Dis-:2.nce bet:ieen the top of the 6.:11 and the top of ~::e sicie 
the g,-1.lly: 1:-ris cE.st~ce shou!.d be a:c leas-:: 11 incz:es. 

of 
., 

(3) Spilli;ay size: Tne si:e of the spillway opening ce?e::cs on .t;;.e 
area c:Jnt~i.bui:i.."lg ::-r.=lOi:= to the d.ara. n:.; s wil!. be c.e-:e==.~ed. b:,· 
t.i.e Soil Conserro:tion Se:·vice technician. 

. (S) 

co::-~ ~=-enc:t, bla.s-:sd. a~ leas.: !.1 i:ic:les d2e-p. Ta ?=e~,er:-:: c:C~=-=:i-:-:::...~i .. 
t.~e c==~ t=enc~ shccici ~~en ;e =illei wi~~ ~c~, c==F2c-
ti.:1.g soil, or o-:::le~ ~r:-:r~:c-::..·,e ~:e~::.11 :-ec:;r..::e!'l<ied. ~:, :...~e Soi.: 
Conse:--,·a~:.or: Se:--'l":c:e t=~;t;,:..=:::a.~. 

::ost.s: ?:·,e:--,.. :, l.s.."1..7.c . . . - . -- ::::-or,.::.,.. -~ ·-··--
bra.ce ~ost ~i:~ a bol ~ o~ 

( r----:- .. .::,,-1 , _ ...... --··---, 

-
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LE~~D (Contined) 

(6) Dept'i to set brace pos"tS: B:-ace posts should be set L~ the grounc 
a't least a mini:!rum of 24 inc:.,.es. 

(7) Length of t:1e top of t.'ie dm.: If t:ie len~:i of the top of the d2.!J 
exceeds 10 feet, additional brace posts may be requi~ed a.s dete::-...i~ed 
by the Soil Conservation tec:micia.~. 

(8) Spillway apron: T.'le a..~a just below t:ie spillway on the ciownst=ea!J. 
side of tile d2.m should be su=faced w~th rocks, pl2.r..ks, co=-:::-~ga~ec 
sheet metal, or other suitable ma~etlal recouJIJended by :~e Soil 
Conservation Service tedmician. 

The spillway apron should extend below the C2.!!l to a dista..lce at leas~ 
t:-...,.ice the height cf t.lie wa:ter drop of ·the S?ill;,;ay . 

• 
PURPOSE 

1. To stabilize s~all rills a.ld gullies not more t.,a.l S feet dee~. 

2. To ._._.:::se .:e-:::o.3:.t::.~~ sedi!!ient ta provide a suitable :;ecia fo?: 
plants.to establish i..~. 

MATaLl.!.S 

Planks - 2" x 12" 
Wood brace pos"ts or iron pipe - 6" 6" 
Sp~<es - 5" or longer 
Nuts a.--id bolts - 1/2" or larger 
Other materials app7.)ved by t.\e Soil Ccnse:;-,ra.:ion te-.:::.n::c:.a.."'!. 

CONSTIUCT!ON PROCEDURE 

1. Blas~ core t=enc.~. 

. I 

3. Set brace ::,os~s c.!J.d t3.::I? in soil, g-:-avel, or ?ebbles, so t:12.:: ?CS ts 
axe fi::-::ily set in t!ie gr:lu."1c.. 

4. 

6. 

Set pla.--iks i:i plac~ 

Fill co::--e t::-en.c:.!: en 
:-eeks, o~ g-:-ct!-:::::g. 

(as shewn 

of 



PRCCEDURE 7. --RCC::-C CEC::-C D)..1•! 

LEGEm 

(1) . Dam height and location: 
be deter.:iined by the Soil 

Tne height locaiion of. t~e dam will 
Conse:-vation · Sertice tec:-....~ic::.a..,. 

(2) Ois~:a...,ce bel:~,reen tb.e top of t.he d~ and the tcp of t:b.e side cf :::i.e 
gt.tlly will be at l!:2.5~ 12 inches. 

(3) Spillway si=e: The si=e of -:..~e spillway ope~i.,g deoencis en -:..~e 
2.:1ount of la.id cont~ibuti~g ::-..mof= to t~e da~. This will be 
ciet:e'cined by t.;.tie Soil Conser .. ,.a:~ion Servic~ :ec:,.nic.ia..-i. 

(4) 

(5) 

(6j 

(7} 

trenc~ at least 12 inc~es deep. 

S9illway a;:ron: 'u1.e a.re.1 jus-: below the s-pill:-1ay on t~e 
side of t.he dcS shculd be su.x=a.ced ~.,,i-:!1 =-:,c}:, c:J=-:-..:~~::ed 
er ot:he~ ~a:~e~:.~1 =ac=::'-~er:ce~ by -:!'le Seil C.:n.sa~t~ . .-::.::n Se~."':.::e 
tec:".:1ici2..t,. 

3a.c:< slc-oe: Side sloue en 

siC.e 

-,.,.,.,:, 1 ..... ---- , 

----
l 

I 
I 
I 

(l) 
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PURPOSE 

1. To stabilize s.nall rills a...d gullies not ?:.O:re -t.i.a..-i 5 fee-: deep. 

2. To cause d.eposi-c:ion of sed.::.men:c 'to provide a silitable :;ied.ia for 
plan't.s to establish i::l. 

CONSTIUC7!0N CRIT=RL~ 

l. Rod: o-£ vazying si.:e should be used, so ·d:.a:t !'ocl<s !!12.Y be wedged. ~n 
place. 

2. Wire netting, grouting, or other fastening !ilaterial should be used 
where deter.ni."'led. needed by the Soil Conserva'tion Service tec.h..-iician. 

CONSTRUCTION PROC'=DURE • 

2. Build str.!ctu=e with roe!< according to criteria a.Ttd illust::-atic;i 
in Procedure 2. 

3. Tie rock down wi-t.~ wire ne-c:ting or other ::?.aterial as needed and_ as 
det:e:-=uined by the Soil Ccnservc:cicn Se:-tice 'tec..~~ci~,_ 

*· Be sure t..~at st-:-uc~e completely fills a.-id. cove=s t~e cc=e t::-enc~ 
to preven-c: tmcier or sice c~-c--:ing. 

. I 
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LEGc.:.'lD 

(Z) ?ot~ec cr ·seeded buffelgrass. 

1. To stabilize shallow r:.11s, gt..!llies or gull:r 

2. 7o cause deposition of wind- a:i.d wa:ter-aone sea::r:e::-: ar:c ?Z-ovice 
a media :or vegetaticn ~o esta~l~sh in. 

s:.: e 
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PROCEDURE 9.--~ccsss ~OAD E~OSION CONTROL 

LEGEND 

(1) 

(2) 

(3) 

(2) 

Compacted berra. 

i-\ccess road. 

Outlet. 

To protect access road from erosion do..-:age. 

cm~STRUCT!ON G.ITERIA 

1.· 

2. 

aer.n height should be approximately _l foot. 

Ber.:is will be snaced 200 to 300 feet anart or 
at: locations de~e:!"ilined at t.1ie site b/' a · 
Soi_l Conservation Serv:.ce tec.."l.."licia.'1. 

,. . 

( 2) 

---
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PRCCEDURE 1O.--MA.:.\i.d.GBIE.:.'IT )~'D USES OF BUFF=lGt~SS (Cenc~rus cil~a::-:.s).!f 

DESCUPTIGN 

Bu.=£elgT:a.ss is a bu.7.c..~ to r:iizo~atcus lLa.5S 1/2 to 4 fee~ ta!l, a tcugh 
kna-c-:y c=own. Roots are dense a.-:ci long. Leaves a.re g-ree'!'l to bluish-g:-een 
in color, 3 to 12 inches long, a..tl 1/3 to 1/4 L~c~ wicie. Old pla.7.ts oecome 
S'te~ with h~sh leaves. Flowering s'te!!lS ex:enci oeycnd t..i.e le~::es, a::e 
cylindrical, upright to sli~~tly drooping, purplish. a..d 2 to 4 L~c~es long. 
Individual flowers appear singly or clustered (2 to 3) and are stL-:-ou:ncied oy 
numerous bristles. T"ne 3/8- to 3/ 4-i.7.ch long bris-cles are f-..15ed a-:- the base. 

Bu£:felg12..ss is .a highly variable species wi t."1 ™Y s't':'a.L7.s. Scme h2:1e narrow 
leaves. ot:hers muc..~ wider foliage. Some a.re disti...ctly upr~ght, while o~~ers 
3:Z'e semipros~ra~e. Some varie~ies produce abunCa:.~~ see~, ~hile o~hers are 
poor see-=.ers. Bu::::elg::-ass has about 80,000 seeds per pot:n~ in t.":.e bur. Tne 
seed is widely sp~ead by wind a.7.d by a.7.i.!:tGls. 

The follow.;ng are =-ec:>Il!i;lended fo-: · use on Kah.cola.we: 

'T-4464' - A co?I:Jcn coi::=.ercial buf:felgrass cu~ of Texas a:id t~e 
scu1:hwes1:; adapi:ed. to elevations belcw l, 000 fee;:. 

4 

'Bil~ela' .- A ~all plu:-~:en bu::=e!.g:-ass fr-,m Aust~lia; ada?teci 
to e~eva;:ions oelow l,~00 ~eet. 

A local variety (}L.\-333) ~·ou.!.d also do well; hc•,,ever, seed. is not' 
cci:mercia.lly available. 

ADAPTATIONS 

Cl:.=ate - Su='felgrass will g::cw ~ell in a=eas ~it.~ 10 t~ 30 inc~es c= a::.~t:.al 
rai."1:::::.l...!., a.-r. el:eva1:ions :-a:.1gi~6 .:_0111 sea le·:el t~ 3, COO fee-c. I~ is well-
suiteci. to hot, c.= 1 sites a...~d cz..--i wit.hs.:~:.d ex:encied pe::-:.ocs c-= c::--:ught. 

::c; 1 - -:1,,.1:.:.,.1--,cc:: ~-t-Qs acod ~-,::·..:~h 0",- •. ,-_:c,· .. _ ":", .... _ .. _· .. _..,._-_r o ... -= S:"l-_:_1 s. -- ·--.:: - .... ---::.-""--'- ... e...,-.. _,. - ... " ~- -

F;.,..0 - ou::::el~s:s wil: nor....aEy- :-e--est.:a.o!.ish it.self a::::e::- - =-~.:.:1 
shc~lci oe bt:...-::eci o==· 

1/. 
r,-~,. ____ ._ __ 
\, - •• - • • "-J ..... - .. . - -· 
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USES 

E:::-osion Cont::-ol - It p:!:"Ovicies good 0 .. o~d cover for a.::-e:a.s of low ra.in::all, 
, prevents erosion, a...ci is used for st~bilizing eroci.1g soils. 

ESTABLISrJ!E:>iT 

Buf=elg=-ass is readily established f=cm seed or vege~ativ~ material plantec 
during rainy periods. The suggested seeding rate is f::-:,m 1 to 3 pct.mes per 
acre. 

.. 

-
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TREATI,err AREA 

Land Treatten.: I Uni": I r II III IV V 

Gully Eead. No . ---.J.:l 113 53 59 -l,,Q 
St=-uc:~e 

. 
C'lecx 02.!J. No. 74 193 95 115 0 

Soil Grabbers Ft. 6,800 3,100 10,900 S,300 1,800 
• 

S-edi.::.ent Rete~- No. so 4,000 2,700 a l:ZO 
tion Crater 

WL-ridbre~ks Ft. 102,000 Z,.500 3,000 19,000 7,0GC 

. 
Spot-i:z:ee No. 0 1,320 1,155 2,33~ a 

Pl 2...11:t; :i g 

. 

1/ ~fo si.:es h2.ve been selec-:ed at: .:.his 't:.~e in T=-ea-:=.en-c .:1.::'e2. VI 
since .:his =.:rea is t.1.e lowes.: p-:-icri"ty :or .:::-ea-:=ent.. S.ee pa.ge 5 
for re~oc::::enc=i ~=eac:.ent:. 

. J 

--
300 

477 . 

27,900 

6,870 

133,SGO 

4.,SSS 
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LANO TREAT.-!ENT BY TRE..\'2-8-r A.RE.A 

Land Trea.t:::;e!l"t 

Area! 

Gully head st:-:-..i.ct~es 
C11eck dams 
Soil grabbe:!"s 

Gully head st::uc~es 
Cneck dams 
Sediment :::-eten~ion c=a~ers 

Tree wL1db:::-eaks 
Soil grabbers 
Ci.ec..~ da.:!S 

. . 
bet:..,een e:cist:ing Yege1:a::::.on 

4· T::-ee windbreaks bet:~ieen gulc:i anci gr~s a=ea.s 

5 

l 

2 

4 

6 

Soil grabbe:::-s 

Area I! 

Soil g .... ~bbers 
Gully neaci st:::-r..!ct:i.=es 
G1eck da..--is 

Gully head st:=-.:c~u=es 
Cle ck ci. ru:is 

Spo~-t=e~ pla.nti~g (3 ac=es) 
Gully head st:=-~ct::.:::-es 
C-iec!< daa-:s 

S5 --0 ~'- 11/3 -,.. ... ,. --- ---, c...__..., 

10 10 
a..--ound. 

Gully neac s~::-..:c~::.::-es 
SeC:.=er:-: ~~~=r:.t:.c:i c-=a~er (45/ ;.c~e ) 

Gull/'" n~.::.•:: ::> ~----- e~ 
C:ed< c::....~ 

A.cou..-11: 

20 ea. . 
30 ea .. 

2?400 :... 
.... I,... 

1S ea. 
26 .. --~-so ea. 

62,000 :... 
.:.. "-. 

400 
24 ea. 

40,000 z~ .. 

4,000 --..... . 

3,100 ~\,,.. 

10 ea. 
20 ea . 

3 ea. 
3 ea. 

1,32:) t.::~ e -
-,-_;:, .:.--~-
40 ea. 

2,500 .;.. """' . 
so eE.. 

• 'if' I"\ ,,U..;v es.. 
I ;:) ea. 

ZS e~. 
so e=.. 
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L.\ND TREAT.-fElT BY TREAT:·fE~T AREA (con-c' d) 

Location* 

Area II! 

2 Gully head s~::-:.ic-::u=es 
Soil grabbe:-s 

3 

Check dams 

Oleck d,::ms 
Gully head struc~ures 
Soil g:rabbers 

4 . Soil g:rabbe:-s· 

S Check d2.!1S 
Spot-tree planting .(. 25 ac=e) 

6 Gully head st:ruc~ure 

7 CLeck d2.."1S 
Soil graboe:-s 

8 Windbreaks 

9 Gully head struc~c=es 
Spo~-tree plan~ing (.25 ac=e) 

10 · Ci eck da:::..s 

11 

•7 .L-

Gully head s~::-t:.c~~=es 
Soil grabbers . , 

At:ount 

2,700 ea. 

10 ea. 
·1,aoo : ... .... ... . 

15 ea. 

20 ea. 
35 ea. 

2,000 ,::_ 
J.:... • 

5,000 f-: . 

10 ea . 
110 --=..:..~--: '-•- --

1 ea. 

20 ea . 
l,SGO ~ -
S,000 ----· 

s ea. 
165 't=ee:.: 

30 ea. 

2 ea. 
€00 _ ... -.... 
68C --e~-::::: '-- ._._ -



Loc:3:t:ion * 

1 
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LAND T:"....E..,l • .'i":•!E::-IT BY T~EAT'1•felT AREA (cont' d) 

Land Treat:.:er:t 

Area IT 

Soil g:-abce=s 
Gully head st=---ic:~:::res 
Tree wincibre2.ks 
Spot-tree planting (l ac=e) 
Cleek dims 

Z Gully head s~ni.c:tures 
Tree windbreaks 
Check da=;s 

.J Tree windbreaks 

4 Spot-t:=ee planti~g (3.5 acres) 

5 

6 

Gully head st::-~c:~:.=es 
Cleek ~F""S 
Spot-tree pla...~tlng (0.5 ac=e) 

Soil ~abbers 

8 Gully head st:::-.1c~u=e 
Soil g1. .::.bber 

9 

l 

2 

. .,. 

C:1eck d~,.s 
Spot-t=ee pla~ting (1/2 ac=e) 

ft..rea V 

Seci.i=e~~ ~eten~ion c=a~ers 
Gully- head. st::-.ic-::1::es al•Jng t::.e c=:::.~e::- :-:.:1 

Soil ---: :""tM :.. - c .::-------

Soil .;:-~ct ers 
Gt.:..!.l:, he:.d "'-----·•-... -:: 
;1iz:C.b~e:.ks 

Amoun~ 

1,000 z-:. 
25 ea. 

2,000 z~. 
400 --04<; 

.._ ____ 
45 ea. 

30 ea. 
3,000 : ... 

.:.. '-. 

so ea. 

14,000 :-..L. '- • 

1,540 -t:.-ees 

2 ea. 
10 ea. 

220 trees 

4,000 _ .... 
- I.. • 

·1 e:a.. 

l ea. 
300 i... 

i-o e~. 
2:0 t:=~es 

100 ea. 
!.O e:... 

Z,000 --

l, CCO --
3, 00C --

sco --
Z,CGO 

..... ---=-: ---- ,.__ -- - .. 
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