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-l/1::.::t.-­
Review 

Outlook of Ice Excavation Techniques 

y osio SUZUKI* 

Abstract: In earth boring it is common to circulate drilling mud in the bored 
hole. The two purposes of the circulation, besides removal of cuttings, are to cool 
cutters and to preserve the hole, which are both unimportant in ice boring. Hence, 
because of its light weight, a cable-suspended core drill which treats cuttings locally 
is preferred to a drill using the mud circulation which needs heavy equipments. 
The dril1ing time with a core drill is discussed in detail. An important problem in 
deep ice boring is the hole closure due to ice pressure. Technique to fill the hole 
with liquid to cope with the hole closure is introduced. Then, various kinds of ice 
drills are introduced and assessed. Included are: auger drills, rotary machines, 
turbo drills, dyna drills, cable-suspended electromechanical and electrothermal drills, 
steam drills, hot-water drills and flame-jet drills. Tunnel and trench excavations 
carried out in Greenland are briefly introduced at the end. 
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ffl 0) �¥ab; AJ � -e '6 o . * �iftot-c:· v'l:, � .ffl � 0) � ¥a 0) ji§ A.. t-: 7.k:ffil l1Jtltt 1N � :to t tc �� L-, I­
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2.1. ffi!�J1J:£'t 

fifil1*:a:-�1*-?�1*tJ: t· (7) J: :> r:.tvtJ:-. L-?i"°l. ,Muc.�x_ Q i*fl=:a:- r IDjjUJ, �nx:¥o:a:- r ID�J 

c {&f*-j- Q • ffil }!jU (7) �;.f.q'l, ID }ljU LID� :a:-�� ""t Q ;:_ c c' tf> Q • :lt!!§ffil J!jU c· {'1, .b "::) 5 � :mt 

ID�Uc·, ID�v'1:JLP3vC.VJEf* (ffil�UV!Ef*) :a:-il§ffl � -l!-, ;:_ ;h,lC�-l!-t:fL7}-vc.t,�lli ""t Q n�:a:-ffl 

1.,, 6. c. (l)VJEf*iUJE��j;�� ffl 1.,, 6 �EEv'l, ID�K-J: 6 :it!!JlfUJJIJ;o:)fil-?ir•Kfi:b;h,, ""it.:. 

ID}!jUJl(l)��;o: J: ", ;:_ c c·tf> 6 ;o:, :1Jcc·l'1 ;:_ (7) '-' ,f ;h, <h ��c-t5 6. JctL c·, 7..kffil�Uc·v'l, 

�ft;o: :kmm T 'it.:. :kit (7) �7*VIE1* (7) &:\� tJ:. ;:_ (7) h�v'lmti:ffl \, \ b;h, f' ID �UJltc. �vtt.: ID 

�JRffifmvc. ID��JR?f1. L, -5E*ffil� � c vc. ID�UJl�:it!!.r.vc.5! � .r.tftID��@IJ&-t 6 Fsj!X. 

�WJJ�iJ;:±VJEc·t5 6. � O)��, -!;IJ�UJl(l)�IPJJ!���� 6 t.:�, ID}!jUJlvc. .:£- - 3< -'a:'"'J 

vtt.: (JL�m}.) ffl:� F !J 1v, t L < v'l ffl:� e. - 3< - ·-e�ID�U�fi 5 ffl:� F !J 1v�, & -1 YT 

lC�\., 't.: ffl:1J Jr - 7· Jv'c""'J 6 i""JJ�� c 6 n:, �-<a\, ,ffil}ljUc·l'l, IDl1iUJl�:it!!* J: IJ m.tv""t 

GC.c<b©G· 

ffil�Uvc.�'1, �Ifil�ID�IJ-t 6 �!tJTifilffil}!jlJ C' :fL�O)ffltt{ffit..:vtIDlM Lq:t 1L\{ffi ( ::1 7) v'1illti1* 

0) ""i ""i l& I) W-t ::i 7 Y Y :7·· c n:2v 6. f&�c-�'1, -5E* ;::· c vc. ID�U�q:i!tJT L :::z 7 �@IJ&-t G 

0) c·ffil}!jUffl��Fflj;o:fi: < tJ: 6 n:, Fflj!X.�W (7) ffit�'l, ID� c ::i 7 � IAJffittc.@lJ&'°ttLlf ::i 7 @lJ& 

vc. J: 6 ffitisjEfJffi��'1t1:.1.,,. -ttL c·, -Wl1iUJl�fflttc L, -!vJ�J&ffifmK;fJnx. ::i 7 J&ffiffG� 'lb 1!t 

"'J ::i 7 F !J 1v :a:-ffl 1.,, ::i 7 Y Y ;7·�rr 5 ;:_ t iJ;J} \., ,. 

:1Jc(l)¥mID�Uc·v'1, -!;IJ� CiitzK) �:fL?ttc.MHrl LtJ: < t J: v.c. ct tf> 6. ;:_ (l)ffitv'lffi�UffitFsj 

�m < 't""6t-:��ltlrlmffil�UiJ:J: < ffl\.,, b;h,, C.;h,vC.v'lffl:� F !J Jv(l)vf'/J:-., 7'7-A F !J Jv, 

�7..K F !J 1v, !k.*: F !J ;viJ:�:b;h,6. 

2.2. ffi!�jp)r�fljra, 

Fsj!X.�:@.c·v'1ffill1iUv'1-5E* L 0)1JIB:i1H'f*(l)� IJ Jlg L c·2v 6 tJ:-. G, �� D "i c·(l)ffil}1jUFJr� 

ff.fisj T(D) v'l, {'f:*@If{cf:ieyf'f:*ff.fiajO)ffic·�x. G;h,6. 

T(D)= f ( � +s+ �)=D(--[,---+ l + fv) ··················(]) 

;:_ c. C', v v'l IDl1iUJl(l)�},3f�, s v'l�{Jffiff.fFsj, V l'1IDl1!UJl?EIPJ)fil�c·2v 6. �ltlrffiffil�U--c· 

t, 1ml1!UJlf*�O)f.:.�-5E*ffil� ;::· c vc.-!vJ�UJl�:it!!*vc.5 I� J:lrf 6 (l)c·, ID��=@.vc.�3'[(7) 

ff.JFsj��:bt.i:1.,�v:t.r.�iJ:�m--e�6t1:, L O)fil_H'1100m tJ,J::c-2v6. D iJ; L J: IJ ,J,�t,, 

ff.fv"i.r.�c- L � D c �vtvf J: ",. 

::i 7 !J Y !TO) L v"tf{ m tJ�--c-, T(D) v"i-fH:. D 0) 2 ��c-�6. J:--::> t, §ffi� D (J) 

�1.,,j(mlffil�tl�c-�'1, L c V �*� < c iJ, T(D) 7J;© "i IJ * < tJ:. Gts:\.,, J: 5 v:.-t 6. T -
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7·1v'"".) IJ rvf:JJ:i:t·-Cvi 1 m/s t,J,J:O) V <b�JH:::.�G;h,0:bt, FJr�ibJJ�m:iic O)�;p.g-l,, 

<b � 0 O)""(', �'"".)?, tJ'\�m (100 m t,},13tffl) ""c' 0.5 m/s .Llr, *�m (1000 m t,},13tffl) ""c' 

1 m/s .Llr, ::k�m (1000m t,J,�ffi) ·c-,6 2m/s .Llr ci'"0. L vi1J"��-c:-, 0.5-1 m, q:i� 

�-c:- 1-2m, ::k��-c:- 2-6m -C:'�0• s vi,J"�-c:- 102 s, ::km!-C:·,b 2xl02 s {' l::,l,,vc¥f)�;t0. 

;:.;h,GO)mvcJ: I), J:5:tO) S/L me§�� D vc�-t0 D/(LV) Mvil,,f;h,,b 2--4xl02 

s/m §If c t.r.0. 

2.3. .tf::��J .I ;;t;. JL, =¥- (MELLOR and SELLMAN, 1976) 

;iffiAJfil� v vi?X:i:t��t.:-t. 

P/A=E
s
·V ·············································(2) 

;:. ;:. -c:-, P vi -!;U�UJUB JJ, A vi:fLilidfvc*TI[O)-!;U�UWTiffifft, Es vi�&f*fft�-!;U�U-t 0 tc� L­

f.: .::r.. .:f- fv =¥ --c:-, .lt-!;U�U.::r...:f-1v=¥-cl,,5. Es tJt,J"�l,,Vitc·m�UJ:!;0)�$viJ: <, 'it:� 

ID1iiU�vi-!;U�U L-�-t1.,, c l,,x_ 0. 

7](0)�-!;U�U-C:'vi Es vi 3 x ms Pa (rM!:fff�) UrvUitJ.: GfJ.:l,,. �ffl�vi � vt G:h.fJ:l,,iJ:. G, 

�ffiMHirM!,�0)7](vcxt L- 5 x ms Pa <'' G l, ,-c:-� Q. flt� 1:: - � - -c:·v-;tffl,{E, 1:±i jJ�� P/A 

� 106 W/m2 UJ::vc-t Q O)viM L, <' m� F !J JvO) V "'c' 2 X 10-3 m/s (7.2 m/h) �ffl;t t.: b 0) 

vit.r.:1.,,. 7](;at{J£fljl-c:-�;h,vt: Es v:t::k� < (v v:t;t/! <) ts:. I), 'if.: 7 ,r Jv Y-C:·v:t Es vi��vcJt 

{?iJ-t 0 0)--C:·7]( J: lJ ,J" � < (v v:tJfil <) t.r.: 0. ;z.. :r - A F !J 1v, �* F !J ,1,,, ** F !J ,1,,--c·v:t 

f"? t-:}(�ts:.llin��.t1�c:h.0. 

��-!;U�Utcvi, -!;U�UAiJ�flilid!nrPJtcJ:r-t 0 OO'ii* c, flilid!'i b lJ �@l�-t 0@l�i*;at� 

0. 1W:itv:tll<-c:,v:t�*.t1��1., ... 71<-c:·v:t, @l�i*-c:-�l,,3JZJJ (J.Jjfj 30-35
°

) �::k�t.r.-t < l,,j/j 

(35--45°), 1-5 mm 0)-!;1] I)����' 0.2-1 m/s O)�Jfil�-C:-ffll,, o c 106 Pa (' l::,l,,O){,!£\,', E
s 

ffi;ot�G;h,0. 1:iaO)fillJ��1*�vi, l04 N/m§�O)JjJ'i:1Pfm:-e�G;h,o. JJJ'i:1Pfm:, Es 

ffi c <b :!'&�if-- !J Y YO)�J: lJ 1-3 ffi{.!£t. ,. 1:±iJJ��t:tJJ�vc.lt{?iJ L---CitJ�� o iJl, JJ�vc 

v:t� lJ ;at� lJ, 'it.:JJ 1 ��t.: lJ O)f:HJJ��v:tJJO)��-c:-� 'i 0 0)--C:', �� v vc tl:�.t1t� 

Q. ::z 7 F !J Jv-C:·v:t V-
1 v:t S/ L C D/(LV) 0)5fl] J: I) � 'i I) tJ'\ � < -t Q 16�v:tt.r. t.' O) ""(', V � 

10-2 m/s (36 m/h) <· Gv,tc c otJt, ;:. O)ffl�O);iffiA�Iftcv:t�� A:h��O)J]-C:·-r;t--c·� 0. 

!fJc:fi"ffiO)�t,,3JZJJv:t3'.fl1*tJt�"'· p - 7 - 1::: ')' H:t:1Jac�b:h.t.:;:. c v:tts:t.,. jt -1 -Y-c Y F 

�'Y}tt§�'ilJL7kKttM���o. 

2.4. JLIHiq 

lruJ?n'7J J: ? tc, :lt!M�fflmU-c:·vi-�tc W��vftf*··e9LLmi"" 0. � '7Jvft;{*tcvi�7J(� ffi1.,, 0 '7J 

iJt-tf3.mtttJt, -tO):@.EIJO)-'"".)v:t, flrt3�r,Mit..:-t�7.](vc J: lJ JL�O) .w!11.l�IW J.1:-t 0;:. c vc� 0. 

:1Jcc-�:t:JL�,iw�O)fe:��:t:J>t.c\,� 0) --c·, WtHl1Wvc�1*� fflt,, 0 !0��:tt.ct. ,. LtJ� L, �� ilt 

itJ l-, ll<B:tc. J: 0JLO)JDt�iJ�}fil'i 0 c, ::z 7 F. !J 1vO)J:rvc� L-:fLO)iJt$1;o���c t.c IJ, � 
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,a: ··n:tflt*lHC�btlA1ifl:iit7Gt§ C t.r. Q. J!£�xtUt�fi '? -ci.,-. f.r_l, ,JL "(:'O)jlH'iU�JJO:t, 7J(t'fia C 7J( 

,EEO) v�il'.\, ffiij1iij�O)�ltvC 7b J: Q 0)-c--�Ef)vc�:t!ifa C GnfJ:. I, ,,a:, ffi:lfil7}(1*--c' 500-1000 m 

(�25�B=*mffi:lm�i!11!.U�v:t,l,,_fv�£:lm--c' 700m, 7 '7 Y7'�v:t 1977-78if.vc. F-A C --c· 

905m �t,,f;tvb1it� F !J 1v--C·i1ifl -? t-.:), :fflll7j(O)J: 5 vc7j(t/fil.,a:jWj1.,,t �vi. 200-300m c�x. 

-CJ: i.,, (�;£ F !J !VVC. "".:)\,, -C O)��-WUv:t JOHNSEN et al., 1980, J!£*'m0) �111.U-WUv:t Gow, 1963 

���). 

ffil'IU�Ji'.��*- -Cffi�U�fi 5 �' � t-.:� < -c i :R:Mffclj}Lffi�*ft:f,f Lf-.:\,,�v:t}LO)J!£�xtUt 

,a:�\�--c:,� Q. :1k--c·v:t 7 - -;,, :,; �·vc. J: 0 t-:-WUv:t tJ:. <, )Ft*��JLF"Jvc?\lfijt-: LtL!iHc.tJ�iJ'.\ 0 � 

�jJ,EE�MP--t Q 1J$il;�b:h -c �t-::. c. OJ�, ��·ti_O) 7 -1 1v Y]iv:t 1T - '/ Y !/ � rr 5 

(RAND, 1980b). 7 ,r Jv Y jiO)JLm�7J<{l:--t Q iJ�, 7 ,-r Jv :/ Jitl-�tat�� L -Ci J: \, '· 

7G��fCv:t, 7 Jv ::i -Jv (ZOTIKOV, 1979) �.:r:. =f- I/ Y !/ !} ::i -Jv (UEDA and GARFIELD, 

1968) t.r. c·7Jemlt0) i 0) i, Rm1-'f'!trm1t.r. t\1�7Jem1t0) i 0) i �b:h,Q. §IJ1H:t, �li'.tJ;;il§ 

�--c,t.r.i.,--cflffioc1r:�tt-=G-t-. ���c.v:t, �I:l�m--tt-=�, 1- !J t1 µ p.;r:. r v:,; (UEDA 

and GARFIELD, 1968), T r- '7 !' µ µ .:r:. =f- v :/ (GUNDSTRUP and JOHNSEN, 1982), 7 v * y 11 

( GILLET et al., 1982) fJ:. c· � �-tf Q • 

3.1. lj!;t f,t IJ Jl, 

m" ,m�u�� '.7 -1 -v--c:,1: r � "tt, IL/lt���n¥ L -en.it� 1-,, W*1jv:r. 1::
0 

7,. 1- :/A@J&� --c:, 

@]J&'1"0. :@:ltJTffi)'j'3-;1]*7jjaj!J:�� F !J Jv"'(·7j(vC. "b�b:h,f_:: iJ; �$.vi.@\,, (HARRISON and 

KAMB, 1976). 7j(Tn.J 7}(faj 0) �7]( (±7i'J;� 13" Ad-.:7]() o.) �Ji� ��--t Q 0) �C tmWJ1¥n::. ffl \.,, Q 0) 

3.2. ?j""-jj'- r: IJ Jl, 

C.0)1JA--C:'ft�B9t.r.::i7 F !J 1H:t, SIPRE *-;ii---c·�Q. C.:h,v:t SIPRE (Snow, Ice 

and Permafrost Research Establishment, CRREL O)§IJJfO)*i!t•*:lmI�Tiff'.Jeffl) ,a:1949 

if.�iJ" G�rHe Ll955if.vcv:t rai&b{t Lt-::. F !J 1v*{:;$:v:t, 7t-iPJJvc. 2 *O) *- -Ji- ( G .g- Iv o­

n) �ffi�Lk"ffe:� 90 cm, F"Jffi*9 8 cm O). r';,{ 7
°
c', TYffijvC. 2&0)3:JZJ], J::YffijvCv:l:-'' :/ F1v 

n:J& IJ #vt Gtl,0. 1*�iJ:m.g-vf, _,, � F 1v c F !J ;vfajvC.fi:� 1 m 0) F !J ;v µ-;; F�Jli&?X# 

vt7Jllx.0. -Wt51v:t*-::li-vcJ: IJ l:1Jvc.:@vi:h, F !J 1vJ::$0)jfflJ:J$J: IJ F !J 1v�l'CAQ. 

::i 71*1&:Rv:t 50cmtl-r--C·t5Q (Jli:vJO) 1 @H:t 90cm c:h,Q). J.Jv:ttl-1�0)�*ct.r.:'?t-::i 

O)c', ::i 7ffi 75 mm, JLffi 111 mm c·, -30
°C 0)7J(rcxtL 27 m/h O)JitA:i!JJl��k 

(UEDA et al., 1975). A1J� 80 w C -t":hvi, Es v:t 2 X 106 Pa C t.r. Q. 

� :/ !/ 7' T :/ :h - ... � ,{ F 0) r-;; 7°�"'Jt,-tt-:J]��x. �i, 71(7'.t*±, �7](vc 7b �x. 0 iJ:, Es 
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v:t 107 Pa � 1:: c t.r o Cl.) -c:-, k--:> '.5 .:c -!JI -� t.::Jt... -Jl '.l 9 -:/ .:r. -:/ Y -:/ -c:· Ellrt" o . 

1l$�vt... 6 m ffl ( F' !J 1v i::t 'Y F' 5 *) t.:..tJ�, j@i� t.r--:> 9 J:: vf Ac ftt ffl L. "C 55 m ffil '? t.:::. {?iJ 

l>.:6G (RAGLE et al., 1964). L,;o" L,, C(J) F !J ;Ht...sl�J::vf�vc., F !J Jvc:JL�r13,f(.�-?k 

W��c 91.ic L-�'t"<, �k, F !J 1vc:JL�il3ivc.W�i1�--:>� Dj!l}f/l�:ho��i�" ... (7)-C, 

f{( m J;)j5l!Cl.)ffillMvc.vt...1J-..M'm� F' 9 1v� ffi1. ... Q Cl.)iJ� J: 1.,. 

F' !J 1vvt...7' 5--:/ v 7'�-C-*9 8 kg, i::t 'Y Fvt...J!J� 7 1v � T (�Mcffflvt...7' 5--:/ v 7') -c:- 1 * 

2.5 kg -C.:6 Q;o:, :&::ilrvt...'-E:S:{�;or�� G:h, * 7" 7 7' "f1 :k�-c·vt... FRP � fflv,, F 9 1v (1.5 

m *) 3 kg, i::t ,y f' (2 m *) 1.5 kg (7) i Cl.) (Kocr, 1982a) �' � f.::_, *� t F' JJ 1v (7 ;v � 

1.2m "ffe:) 2kg, i::t ,y F' (FRP �' 1.2m *) 0.5kg O)l)O)�f'F -? k· 

�ltJr"fm;f-- !J -:/ p"fflO) ;;t- ;;li'-vt..., 7J(""f(J)�� 9 fflvc., :JLffi 5-20cm (7) i (l)iJ�m.11&�:h "C 

"'G· i±�i"-"'�vt..., 7J<;;t- "JJ"--Cvt...i:p,t.,fffl(J) 1-3 cm ffivt...W�U-ttf, ::r 7vt...� cm c: c vc. 

11r:h "CW� c c t vc.ttl:lli 't" o J: '.5 vc. L. "C .:6 o .:: c "c', .:: :h,vc. J: 9 b-f i1,.f.r}ftjJ-C:'5W$ J: 1. ,fil 

m�-c�Q. 7-7':;;i--ff-K�G:hGV�7r(J)�Qtt(J)��mL-fffltt, 71<-ctt�••� 

-C:'.:6 Q. 

C :h, l?O)rr.fjj}f 7 -{ 7' ;;t- -Jl-vt..., 1 m �r(J)ffil�Uffii1��1. ... ;o:, V � 7 r �jgi1JU-C:' � o J: ? 

vc i'" :h v-f, f{( m J!J � -c:-(7) ¥fa 71< (7) 1t Jli JLffil �Ure �fU-c:· .:6 o iJ �, ::k1£ (7) 1t ji :JLffil �U vt... ::i 7 F JJ 

,Hc.J: QO);o�J:"'· *�vt..., JLffi 340mm, ::r 71.£ 300mm, .,, v;v*� 700mm (7)�7](ffl:k 

W. ::r 7 F 9 ;v� 19751:f:rc. {'F-? t.:. .:: :hvt...�17?X�1l!U�-c:- 2 m �J:(l)tfa7]((7) jtJi.JLffil}l1Utc� 

5Wvc.fUffl�ht.:::.. IKibvc.vt... 400W .:c-!Jl-�J:§1..,,, F' 9 ,v@��vt... 50rpm -C:''6G· ::r 7vt..., 

1: JJ ,v5 I� J::vff&vc. < � rf�tr��ts.:: c -c:-�£vc. rttffi1-c·7ilRWT-c:-�, 51 � J::vfrc.vt...�ffl--:> 9 

A� ffi",t.:::.. 

3.3. Cl-/y IJ -tffl�jfl 

!t!!fiffil�U(J)ffl$::1J�-c:-, -!fill1iUA� F !J ,i,.,{-{ 7
°
?1Jvc. J: 9 !t!!�-c:-.1�gib't" o. .:: (7) .,{-{ 7

°
?1Jvt... 

[AJ�tc.ffil�Uvftf* (k--:> 5 �7.JC�� 5) (J)mf�c t.r o. �ltfrim, ::r 7fi1uffi-c·, ::r 7 F JJ ,Ht..;$'} 
T@�, 113T�ll:MtJ:ffl$-c:·, -tCl.)i'° � rl3it1�vfE�c t.r Q. 

t=2 - !JI 9 -fflvt..., 1955-591:pO) rl3, Y 9 - -:/ 7 -:/ F, T¥ffi.,, - F£!t!!, i:z .7' ffllj7](-C:', CRREL 

(Cold Regions Research and Engineering Laboratory) tc. J: 9 �b:h, .,, - F'£!f!!-c·vt..., 

300 m � -c:· Cl.) ::r 7 ;f- - 9 -:/ :fl" c -t :h, J: 9 i* I. ... 411 m � -c:-(7) �ti;li im ;f-- 9 -:/ y· (� "fJ F]r-c· ::r 7 

:!*I&) vc.st!JJL-t.:::.. ffil�UvfEf*vt...iWi!E���ffl" ... , i::t 7';ffiB7](-c:-vt...�fmgillJt�fflL-t.::.. �fflffl! 

vt...55mjJCl.) 450 m ffi-C, ::r -:/7° 
I/ 'Y -I}-- (0.15 m 3/s, 9 X 105 Pa) 2 i!; C �����lt�1Jux. t.: 

ffl#ffi::11:vt... 26 t vc.� L-t.:::.. ::r 7 F. 11 1v fflW�UA C 1:: 'Y r) vt...f{(fmffifflg L-t-::i1� s-12 fX(J)f 

�� t '0, i'" < "'JEJvt... 0
° 

� t..:vt...$s.-C.ilixffl�-c-�:%JE1vt...�1..-.... ::r 7 ffi 97 mm, :JLffi 146 mm 

··c-�AJ!� v v:t 9m/h ��-c:-s-?k (LANGE, 1973) • .ilixEfflvc.@.t.:::.�vt...�%:firr:m�,J-..� < i'" 
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Q ;:  c :b;lfE L,t.i -.c�x. tmi.,t.:c}i1\:bn G ti;3tb*v:t�t.i ,. :Lm�An� 3o kw, :JLJ!E!±in� 2 

% (()  600 W c fliJEi°" o c ,  J::ii:.(f) 7 - 3< tY• G Es v'l:. SIPRE :t" - jf - <l) lOffi t)_J::<l) 2.6 x 107 

Pa c tJ:..o. 

;: <l)jf�"c'fl,  F !J ;J,, ., { -{ 7° 1 ::,$:: <l) ��� /, ���rf3,� t ci"°G C ,  V vt. l/t :a:-�x. tJ:t.i,. 

l:!c <l)ffil�tl'·-Cvt. I v'l:. 6 m  "c', t v'J. 2 x 102s (' Gt.i-,"c'il,6 ? .  LANGE v'l:. .,{ -{  7°� c :l*J& ::1 7� 

�\,,f;h. ch 20 m c i"";h.�x, 3 000 m  <l) ::i  7 F !J !J :/ Y ch !F.fF13ifl9tC.vt.AJ�t-il,oiJ; (L=20 m, 

v = lO m/h, s =0.5 h. V=300 m/h c -tnrt T (3 000 m) vt.1 875�Ff3i c fJ: o) , t£�.miiJt. 150t 

�fflx., �!tffiJiJ:. G�frvt.l(E Lt.i -. J::  Lt-: .. 

l970:¥��c, ? -1 .:v '7 -1 :.-'$ (::;tt.i, F !J ;i.., ., {  -1 7° '-a:' ffi1,.. -., ::i 7 F !J 1v r'3 i'jf:a:- r -7· 1v "c'51 

� J::(,-f, ::i 7 :a:-@mz-t o) vc J: IJ V :a:-��1t (3 000 m/h UJ::) L,, '! k.., .Rit F !J ;i.., .,{ -1 

7° vC J: IJ �lt�f*:a:- .R.11:11::-t Q ;:  C iJ;�� � ;h,, F'3ffi 84.6 mm <l) FRP �_,.{ -{ 7° (� � 6 

m, 2 .87 kg/m) 75::,t::iJ;f'F G;h,tc. (HANSEN, 1976). .:. <l) _,.{ -{ 7vt.197frf¥, µ 7,. ffi:}j(<l) �ttfrrmffiHM 

vc�ffl �;h.tc.;o�, 280 m "c'J!Jfll � ;h,ffi:)j(<l) jfjj�c�tt, tJ-{&<l) (}JH'.evt.tj:t 11:: � ;h,tc.. L,ir• L,, 

HANSEN fjJ.i::to ;: OJ ?  1 .:v '7 1 :.-'$ CffiH1JUvfE1*v:t.ffnil) �:t�MlLF'3WB1JUvc Lt:ii'j L t  t.i, Q c � 

X. -C \,, Q (HANSEN, 1982). 

3.4. 9- � f: IJ JL, �'9� 1 T i:  1) JL, 

.:. ;h. Gvt., ffil�UvfE-f*(f) �ifJ-= -* 1v :oV-�JLJltt·@�:t.Hc�;:t o JJ�t- µ - 3< !J - � J: 9 $; 

i¥�JJ$;o; J: \.,, (:l:tl!�ib.1J OJ 3-4%) . m:�J: ? 1 -v :::J -1 :/7*v:t�x. tJ: \., ,t6, 1 000 m  <'' G\., , OJ  

�R. 7 v ;:\=- v-7'" ;v r� -1 7° '-a:' ffi v ,. V � 3 000 m/h vc Ltdf!Jv:t.:o G .  �ltn;x:mmtJ:.. OJ "c'7](vc� 

:hnk.. � c vt. tJ:.. " ' · 

3.5. -� f: IJ JL, 

m,m r'" !J Jvv:t�:15 J: IJ ,  e. - 3< - ,  ::i 7 _,.{ v Jv, J,f(3< :/ !J ,  w!J00-$(7) 4 $t·1tijnx;�;h,, -!;1J 

11JUOO 'i "c'{$�td&.*trc001rZ3< :.-' ?' 0J f13ivc ;t-; :.-'7°
�:to < A mlc,  �7,f(i'jfvcv:::>tJ::b; G .?'  :/ !l  

O)J::vC � :/7° '-a:':to < B � c iJ�il, o. ;i-; :.-'7
°v'J. A �"c'v:t�� /7°

, B �"c-v:tflfLfflv:t�F�$ 

:.-'7°, �MJLfflvt.�;t; :/7°�ffl\, ,o. �JL-c·vt., ::i 7 _,.� v1v*vi.::k�IE-c·1t1lru! � ;h., �t&-c­

OJ�ffi-C-v:t A mJ. "c-*9 5 m, B ml"c'v:t*9 3 m U"'"fvc c o. 

J::!c(f) J: ? t.i: 7..1( 3< :/ � �vmx. t.:m1m r' !J Jvv:t, 1 960:¥�c !J v Jv;(J� 3 000 m n2k.<l) J¥Hi7J<J5ROJ 

�JiHffl �U:a:-co � l, -C ,  3 600 m <l)m.1J r -7• !V '-a:' t v:::> r'.7 -{ / 7"  (J!l��J::� 3 000 m/h) c c  

ch vc�A L-tc. ch <l)iJ�i&W-c- � 6 5 .  .:. ;h.vt. A �t-, § .m  400 kg, �� 9 m, ::i 7:i*l&:llt 3 m 

"c', e. - 3< - v:tJ}ffi 162 mm, F'3ffi 124 mm, � � 50 mm OJ.ffi�ttfrffij<l) 7 1v � � 9 :/ ?'·vcl8 

::,t::(f) 1J - 1-- !J ';I :)'  1:: - 3< - :a:-�A L-tc. t OJ "c·, J£m-v:t 11 kW "c'?b Q • .:. <l) r !J 1vv:t f !J - :/ 

"7 :/ F t·1960:f¥.t!-*�ffl � ;h., 1963:¥vc 264 m, �1964:f¥.tcvt., �!;t � ;h.t-: .:. (f)JL:a:- � Gvc 

534 m "i "c'ffii -? k..iJ�, U�vi.�MfLF'3-c·(f)�fflvt.r:f:tll:: �;h,tc. (UEDA and GARFIELD, 1968). 
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,1!7'..�JJtn;:YJE�::;JdJHc �@} "? t-: ;:.  c n; tj:t.Li:O) 1* 1z;l c  JttbhQ c e. - !7 - O)JEm.mt1� G, 10 

m/h OJ ,1!7'..�JJt�:YJE L,t..: c }!l:btL Q i7;, 2-3 kW tJ-J::vcffl:1J� t5 vft c6 ,  Wl'iUffiffi;o;JA;o; 

Q t.3. vt -c, :if§A�JJtf:t 3 m/h tJ-� t.3. "? t..: c ,�,:b;h, Q ) .  

;:. O) F !J Jv:a:.-, ::r 71*!&* 2 m c "J"�{t L,:iirz;:JLffl B ��IL!:: L,t-:. cb O)iJ;, 1960�tC :/J :r  

:!J� OJ ;J<2iovc,it t: --cf'F G;h,, 1965�vcv:t 450 m  'T - 7·/'v (�f£ 12 mm, Jt.mJI: 0.6 kg/m) �� 

1.., , f_:J&�� 1 200 m/h OJ ? ,{  Y"f-VC 5 kW OJ.¥effl:��ffl_.lj,ifb"lt-C .¥e* � ;h,t-=. (UEDA and 

GARFIELD, 1969b). ��:@:}i:Jtv:t 1 .2 t -e, HJJiaO) 450 m i:t - !7 !} - �O) 26 t 0)207.tO) 1 !;l_ 

�-c-t5 Q . ;:. OJ  F !J 1H:t, Q5C��:hllx.fJ:i7� Gmt1:'! -c-��fp G ;h,, �OO -c-{51!ffl � ;h, -C 1.., , Q 

(���vc 0" , --c vi, RAND, 1980b �#:�) . B *iUlU�OJ.;_ f vi£:llB-c-OJ ;t; - v Y 3"·vc JJh, , 

G hk i OJ i fi'!J�-c-J5 Q iJ;, e. - :!J - vc 01.., ,  -c v:t �f£v:t � v 1v c fA'.1 t.:. t-:iJ;, -.;,,- 7' e. - !7 -

:a:.- 7 1v �  VC�J6A..,f,: cb 0) :a:.-ffl\., , f-:_ (SUZUKI, 1976). :i- - 7'  f' 7 !J 7 cb �J6d;,l, l:: - !7 - :a:.-ffl\,,  

L \., , Q (BIRD, 1976). 

��ltlrffiiJ�9ieJf1-c-, J!Effi#�ttvttJql't,Joct&--t o 7 Jv � !s'! e. - !7 - -c-v:t, l:±1:iJ�JJtOJJ::ID! 

v:t 5 X 105 w /m2 
\'' G \, ''"c', C ;h,!;J.J:: '"c'v:t 7 /v � il�mvt Q . 7 7 y 7' -ev:t, G "lt A.., vC�\, 't..:� 

il:Ufe��:f.lfUBvc L,, :@:f*:a:.-FM!:7Jac0vt Q c c  -c-l:f:ljJ�JJt:a:.-�2lb, 7.2 m/h OJffilj:fg�JJt�tt}t..:. 

C 0) F' !J l'v v'!., �EE�:a:.- t '0, �-:a:.-�-.EE-err ? 0) t %ii-C';:5 Q .  ::r 7:l*l&*v:t 2 m -e;:5 

o (GILLET et al. , 1976). c 0) F' !J Jv -C'1976-77�vc 905 m 'i -c-�:JLffill'iU L,t..:iJ�, .l;)-lfOJmi� 

ffilWUO)t..:2lb, � Y 7
°
:a:.-ml;t; Y 7

°
l'C�x., ::r 7 1*!&:Bt:a:.- 6-8 m c ::k�1t--t o ttimi c v, ? (DoN­

Nou et al. , 1982). 

ffil:if§�JJt� 7 ::J Y7-. �t.AJ::vc;:5vfo vc v:t, 1:: - ::i  - -c-� L,t..:�Mlf*�W�Uffirc�� #vt o 

:1J�iJ�!0� c }�,b;h, o .  C O)���o/ C t �· l,f..: C \., , x_  Q OJ v:t, '/ 3lO) JJ(Mltmt�HLffl O)  

11( ::i  Y � OJ tJ:1.., ,  F' !J Jv -C't5 o . ;:. 0) F !J 1vv:ttl'lf-c-r3ifr3tcv:t e.· 7' r Y;b;t5 D ,  J&Wv:t l::." 7' 

r Yv:t P3irr"�vc;i5 D 1::-tmvc v:t��tJ:•JJtOJ 7 Jv ::r - 1v1J(Mmi� Ah -c :to < .  ffil�U�, l::." 7' 

f' Yv:t ::r 7 '"('1lfl l,J::v-:f G ;h,, 7 Jv :1 - Jv7J<Mmivt.P3Tl:$tJ� G l:±I -CP3�TO) r13,� � 9 e. -

!7 - -c·llt2ib G;h, --Cii'ftl.K c 1ll C o .  ;:. OJ F' !J JH:t.1977� i:r 7-.;f:JlJHJ(-c- 414 m � 12 13 rl3i-c-ffl "? k 

(ZOTIKOV, 1979). 

7 ,f 1v Y�i/lil.l�HkruJ-c-v:t , FM!71'.:a:.-:JL�vc!Jl=l±l--t o !0�v:t tJ:1.., ,. ;:. 0) t-=.� 0) 7.l< :!J  Y � OJ ts:.1.., , 

tit� F' !1 Jvv:t.ti < tJ� G t5 o (SHREVE and KAMB, 1964; TAYLOR, 1976). �ltlrffi;t; - !J Y Y ffl 

'"c'v:t, t - !7 - �i§�� c i'" o (J&���;1<2lb o �d;,l,":t, HOOKE, 1976) . 

71<�*41*!&:a:.- tHl9 c l,f..:, 71<!7 Y � # � OJ:@:itlrffiflt� r !J Jv t {'F G ;h,t..: (GILLET et al., 

1982). -� F !J Jvv:tj:fgA�JJt:b;� < ,  3WJ� t -� F' !J JV J: 9 �\., ,;b�, fbf'F;b;*� L,J& 9 f&. 

" '�-t" , 0) -c-, 4-1& t �ttmttc ffl�U�rl3i vc*�O)J5 o �v:t151!bh o -c· ;:5;s :> . 
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3.6. ffl5n � IJ Jl, (�i-HUfl) 

:tmfi'.ffi!1iUJfH:t , �11*l# � r !J 1v /� -1  7
°
fU-c--:> 0 L-ffi!i1JUvftf*··cID��:lU1H&W.-t" 0 1f:i:t, 

:to J:: U11:JJ -r - 7· 1v c·v:> 0 L-ID IJ < f� F !J 1v l13K.Jtil.�-t" 0 1f:i:t:o��J:fHt � .ti,  -c "  ... 0 :o�, 7lc 

c·v:t��O) ::r 7 F !J 1v fi vt:o��h;h, -C \, , 0 .  ilW1tc J=fh ,f-:. O) v:t, �!f:fL F"3 c·O)m� F !J 1v 0) 

�ffl :z- � � G cb t-=. CRREL c· � o . CRREL v:t:tm�ffl 0) cb 0) :Z- vi c A., E )20) 'i "i ffl \, , t-=..  

)2 0):m�v:t1Mm$tJ,, G J1Ia)c, ID�Jtil.� 3r '/ 17 ,  7J(g=t .of:- - 3r - , ;t-; '/ 7°, ���' tJl�� ::r 7 

F !J � (IDfflA# � 0) ��@1� �� 0- 3r '/ l7 P3 0)ffi!fflvft��, 7J(g=t .of:- - 3r - O) °i h 1J :z­

r -? -c ;t-; '/ 7
°
1/CA IJ ,  g=t� V � 7 1' iJ,. G ::r 7 F !J 1v l13��0) 1a9:Z-JI1! -? -C}LJl�JC l�� l:li  L., ID 

*5}:Z-0) -:it-C F !J 1v c fl.�O) Fa9 :z-J::�, ml 1=t ff!U: IJ � '/ 17 vc. <b c· IJ , C C 't:·fil:fS�tt� � -:it, 

�U ;t-; '/ 7
°
1/C [P]iJ• 3 ttmdj. c·� o ;b� ,  CRREL v:t?,fe7J(vc ft:x. .:r. -:f- v '/ 17· !J ::r - Jvl.,Kf{H�:z- 3r 

'/ 17 vc J.....ti, t-=.. .of: - 3r - c·l!l26 G .ti, t-=. c. O)�v:t, m��mtJ" L., 3r '/ 17 vc v:t 5 -t-26 G .ti,  -c i 

c· 0 . -@]O) ffi!�U�7 ffi¥vc 3r '/ 17 tc @]Jlx. L- � .ti,t,n ,���:t.JLF"3 1tc:t&ft L. k ( cb c O) !f�v:t J-­

!J 17 P P :::r- -r v '/ c Rim c O) �i3-4efo-c, :::r- -r v :/ 17• !J ::r - ;v7J(m1� J: IJ R" ,) . Jl v:tWJ)ffiO) 

P - � !J - mtvc ft.lk cb 0) c·�l1$v:t�" , . .,. �  v 1v-;et 6 m, �-;et 25 m, § m: 1 .2 t ,  .of: - 3r - IE� 

lli :JJ 1 7.5 hp (1 3  kW), .JL:fE 1 62 mm, ::r 7 :fE 108 mm c·;t; 0 . ��O) �ffl c·v:t AJJ 7.5-9.0 

kW C', �A��v'l lO m/h c·;t; -? k• C. O)  F !J ;v :z- ffl t., , , CRREL v:l: 1966� 17· !)  - '/ 7  '/ 

F e· 1 387 m c·7lctKIIt}CJ¥ l,.  (UEDA and G ARFIELD, 1 968), --:)\, , c'-t°""-C O)�#:z-mffi/� ­

F�:tmvcJIU, 1 966--67�vc.JllWO) 88 m :z-11� F !J 1v c·ffi!fiU L., .;- - v '/ 17·�!10)�, � 

U c  0) F !J JHC. J: IJ 227 m "i c·ffi!�U, 1 967 � 1 1  J1 1 B 1tct1arnU:z-�ml L. 1968 � 1 J1 29 B tc 

2 146 m 0) 7j(1*$)CJ¥ L.t-:. (UEDA and GARFIELD, 1969a). 

c. 0) F !J 1v v:t , 7lcffi!i1JUffl c L. -C v-l � h26 -C 3'.f}J$:o�� < ,  1::i�7 - 3f  iJ:, G H-� ;h, 0  F !J 1v 

0) Es {ffiI ((2) �c· P :z- ·r !J JV A}] c -t" o) v:t 2 x 108 Pa l/CJ¥-t° o . :::k:$%0) :::r- :t Jv =¥' - v:t , 

;t-; '/ 7
°
lfJJJ c t.r.. I) ,  il�1¥nc v:t�.:r. :t JV =¥' - c t.r. I) ,  -$v:tfil:fSO) m1,Wtc ffl t., "  G ;h,t-=.il�, ::k 

$%v:t�:® L-k t 0) c li!Jh;ri, o .  

�!f.JLF"3ffl11� r !J Jv c·7lc:wffl v-c OO% � .ti,k O) v:t, 1976�vc%* � .ti,t-:7'· '/""'<' - 17 0) <h 0) 

iJ��� c·;t; o .  C. O)  r !J 1v v:t , 1Jcffl 3¥-JJ :z- cb --:>•� F !J 1v c·, �-fl!UvcrYiffi:o:JJ:9c'i c·O) ifJ:: 

)lffijv't. .,.� l/ ;v J::ff/HC v:>t,r.;b� 0 !£k7..K �iJ� v:> �, J5trJ;,t.r.fttr,(rf vC J: � , .,.� l/ Jv P3 0) e.0 
7' r '/;b; .,.� l/ 

1vO) @]ijiivc]Z C -CT1fvc�ifJ L-, ID� c �O)� C -? f-:. 7-- '7 !J - � .,.�  v 1vl:{ITTvc !!& s ! -t" 0  J:: 5 

ire t.r. -? -c 1., ,  o C 3 tSCO)f JJ 0) -z:-;h,.f .ti,tcx,t L, !!&7..K�, e 7' 1- '/, Jtil.�$ti;� 0 ) .  :fLf.£ 

1 29.5 mm, ::z 7 1.£  102.3 mm c·, ::z 7 !*!&-;etv'l 2.2 m, F !J JV §m 1 80 kg, �-;et�'l 1 1 . 5 m c· 

� Q  . .of:- - � - �:t-00:vft.of:- - � - c·, J....:JJJEm�:t 4s .s v, 1 2A c·� Q . �1'F�v:t 113�.,.� -.1 T !J 

- c·&_ifJ l,., --:> I) rvf}:t�*! ? .{ -V - vC J:: -?  f-:_ (RAND, 1980a) iJ;, �ffl�v:t .,.� •y T !J - � .,.� 

'l 7 7 - c L., #ffi¥1tt:JJ -r - ��:z-� c -c�m� 0 �$:z- c -? k. 
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3'E'ft1itvftv'1 IA  tJ-r--c· 2 500 m ffl 17 -f Y =rvcffl " ,  t.::. -r - 7• 11.; v-t ?i-ffi 6.54 mm, Jt:m:li: 0.153 

kg/m vc-t � tJ: \. ' . 7fil.EEffl.lb--c· 1 m/s QJ:A,1�3*� !±Ht 0 c 0) 17 -f Y =rv'i, -r - 7·1v ,  � ;r.. r 

�:/mx.. --cm::Av'i 900 kg --c·� 0 (CRREL QJ :*=�1it3«t 1-· 9 1v J§ O)  -r - 7• 11.; v-t?i-ffi 25.4 mm, Jt 

:m:11: 2. 1 kg/m, 17 -1 Y =r:m:Av'i 1 8  ooo kg) . �fFl!v-t I979� !/ 11 - Y 7 Y F' -C, �Ji�'ft� 

f !J 11.; --c·ffii�U L- -r - '/ Y ?. L,t.::. (RAND, 1980b) •M:JLl13� 225 m "1 --c·ffii lJ ,  �fflffi!v'l?E! 

1980�vc 901 m, 1981�tCv'17J<*� c  ,W-btL 0 2 037 .63 m tc� L,t.::.. C C  --c· f !J 1V i'1JlHi� 

tLt.::.tJ�, 1982::q:.vC @]JOl � ht.::.. f !J Jl,; O) Es {Ii (A (2) -C P � F' !J JvA.1J c i"" 0 )  v'i, ffii�O 

m!:ot:tfffi'"vc0tL--Cbf:b'-vc:lfff:/Jll L-t.::.;bt, 2 000 m  �;Jf--c· t 16 x l06 Pa --c·, wJlliO) :k�'ft� F' 

!J 1HC.ft"'"'v'1 Q :O'-fC r,lJ�$'c'tf, Q (GUNDSTRUP and JOHNSEN, 1982). 

��$v'17J<vc:ii§ L-t.::.}] 0) 3*.ffl 0) v�tJ,., -filS@JJOlO) .:i:. * 11.;=¥ - QJ iffi�tc J: 0 c c :o�:*= � "  , .  

•�Ri13-c:O)mm@Jtt�, ��•0) •1v�w , .  c O) � mm����;r.. 7 !) -�+it�� 

,t�J.l��k_, i5 i?tC:ltf!fflf;f- - !J Y !/--c·vt}]O)�!IJ�+7.tfCfi X. o f-:vt°O) vfE:fi;bt��'c'tf, o .  

7J<O)•��}JO)�!IJ���-cs 0 . "i t.::., vtEM� F' !J � ?i-�r• L-R� J: IJ �•w��--c � 

Y t1 vcrJm 0 �M� c tLvi, �•wO) �ffiifft�,J- � < L---c, ,J,vfE:A--c·+5.ttJ: 7' :;; 11 - tBiln�ffl. 

€:>tL o . r Y� - ? F' !J 1v v'1, c QJ�ffifflO)�ffl tc J: IJ vtE:A�� t-, ffiffltc�i'" o .:i:. -*  11.; =¥  

- �iffi� L, t.::.. 

�-��x. -c: 7 :;; Y;r.. �, BtrE�B F !J � c �t.::.•�-c ct.::. � L- � Y ? � � - � - O)r$ 

veto < ) , �WArC�x_ L �;,J(WftO)lji{ffl- ::z 7 ,,{ v Jv� ffl "  ' ,  .;!; Y 7
°
fC J: 1J vtE-f*��ffiffl 

� -t!:: 0 "Jit.E:O) 1-· y ;1,; ��11F L-t.::.. 1__,;o,. 1__,, � Y ? i13 --c·mm�5.t•i"" o tct1., � Y ? �@]�� 

'1!:: Q �it.,5.t•1*� fflv,f.::. O)  --c·, -tO)f.::.2sb O) .:i:. * Jv =¥ - �-t,�;b>.fJ:: IJ * � \, '  (DONNOU et al. , 

1982). 

��vi., fit;mQJ�;JLJ§1Jitf ::t- - ::Jl- :15'A�-t0) 'i 'i 7 1v ::\'- ,,< r ;r.. ;t; Y 7° c L, --c J§\, ,  o QJ ;o� 

J'& t .:i:.-*  11.; =¥ - tJ�::!-'fJ:: < --Ci""tr c � ;t,  :ffl.tE c O) lfJAO) t 0) �!ffl§etj:t --c·� 0 .  

Y ilvi.;ffl.ff;r- 7' l- - t1 --c· 2 000 m  �tBx. --C1it� F' !J ;i,y;:, J: 0 ffii�U��vt°--C " ' 0 ;b��R:IIHi.� 

llJI --c·s o .  

3.7. '115fl t: IJ JL, (�:JL ffi) 

J'& t  ffi-&1-tJ:9e;f!Hi., ��-# � � - � - tc SIPRE ::t- - ;If- �0vt, -r - 7· 1v --c·0 0 i'":15' 

� --e, -� t 1973::q:.tc c O) lfJAO) t 0) �{'F-0 t.::. (SuzuKI, 1976). ;:. O) jj'Ati. F' 9 1v 0) B[jJl?Ji 

.r.l:.QJ�--c·Fi:t�ffi;o�� 0. BtriftJ--c·�llJ!i""-"' � 'c·� -0 t.::.tJ�, Tt� F !J 1v --c·vi., ffl��O) r 11.; ti QJB[ 

:1Jvc J: IJ �@J�i5 � GtL o 0) �[f}j 11:i"" o �\�t;ts o. 1liT, i L- < v-t?i-WO) @J�i'" � ��--c­

v-t, F !J 1v 0) '.:d -t o r 1v ? vi. , :fL).!E J: IJ �Ht o r 1v ? (-fil�U r 1v Y )  Tl c ,  :fL� J: IJ ? vt 

0 1- 1v ?  T2 QJ ;ft]--c·� 0 .  •M:JLffl r· !1 1v --c·vi., :JL� c ,,{ v1v F1=11vi.�tc•{*--c·� Q O) 'c·, T2 

t'i S 'i IJ *� < tJ:" ' · l, ;b>. L,, SIPRE ::t- - jf- --c·v-t:JL� c ,,{ VJv ra,vi.WS--c-Jm'i "? --C :to  I) '  
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�vc.. -::. (l)-JfilmiJ:lE�� .n, r2 iJ:�'ffi'vc..:k � < t.r. '6 (!) -c·, &1J��(J)filttttJ:ll L-" , . -::. (!) ll 

J#:fi, ,,� v ;i, � -=i:- - !7 - {mvc.. �5£ L, f.::. :.:,  "Y 'T ,;; 1- c·j:o to 5 -::. c c·1lHll � .tL '6 .  -::. .tLvc.. J: IJ , 

?L� c  ,,{ v ;v r�,(J) I- 1v ;7 3t�J1, ,,� v 1vltlli$vc..� G.h,, T2 tt� L, < �p L,, r 1J iv,&jJ 

�fi:c·v:t r1 t..:vt�� x..nvi .t < t.r. "? t.:. . :.:, "Y 1r 'Y H:t "! t.:., -mmii�(J) �ffi���-� c 

--.t '6 (J) c·, mm1::� �:tcJ.£11: l,, ,0�= -t- Jv =¥ - ��9)' � qt '6 .  ;:: (J) J: 5 t.r. :.:, "Y 'T ';/ 1- ft � 

F lJ Jv vi., 1910��W!mvc.., 7 1  7- '7 :/ F (ARNASON et al., 1974;  THEODORSSON, 1 976), 7- 1 

7- ( RUFLI et al., 1 976), CRREL (RAND, 1 976) t.r. c· c·fp G .h,t.:.. ;:: (!) ?  't, ,  7 1  7- 7 :/ I-' (!) 

'4) (/) vi. , ;:;t--- '}J�- ,,� I/Jv c ��m�*" ' "/ "Y 7  1- c·*5tf, ;:. (!){$5J'(J) � "Y 'T '/ r r*J-tm�-mm 

]&�$ c l, k. S � (separate type) c·, v'J:;o:.vi. ::r 7 /� v JV l::$�WmJ&�$ c i"" '6 U � (unit 

type) c·s '6 .  mtE, U �iJ:±vftc·s o :o:, � I) J](ffl, � G tc.. v:t�iHLffltc..v:t S �;o:� L, 't 

" , '6 c ,�:b.tL :o .  &1J� ll:��v:t, 7- =f" - t L- < v:t 7- 1r - 1- �(!) .IE�:f&c·, ,, � * ff  ffl vc.. .t IJ 

JL���--.t:1r5:t;o;-�-c·s '6 n:, �1H:t, JL�tc..�� � '6 :15"i:t� ffl \, ,  --r " ,  :o (SuzuKI, 1 9s2 ; 

SUZUKI and SHIRAISHI, 1 982). 

1f�(l):15"iJqi'i�c·s 0 n; ,  m:iB):t F 1J ;v (J) qY:.BtiJ;�� Tl ;o:�p l, 't � t.:.  (�1£ 100 mm 

c· 10 Nm tf. r) (J) c-, iru�(J)jJ5=tc· t -r:5:tiJ� t L,.h,t.i:: \, , .  

WJ!m(l) �v:t, WmfiJ�iJ:ffilfc·S IJ ,  ::r 7t.fl&*v:t t m  tJrc·, m�= -t- 1v =¥ - t �iJ,. 

v:, t,:.t;;, m:Jliv:t 2 m  J;J.J::vTJ ::r 7 t 1*1&c· � 0 . �� G v:t,  ���r*Jc·, 2 m ::r 7 1*1& l_. !J 

Jv c·, F !J 1v Es Mi 8 x 106 Pa ��t-=. (A1J 400 W, {'L{E 133 mm, ::r 7 1£ 107 mm, *A�� 

10-2 m/s) (SUZUKI and SHIMBORI, 1 984). 

ffl:� F lJ Jv v:t, ffl:� F lJ ;v v1J l05.tv9 1 v9.A.:1reIOffi-v9 �.A.��iJ;� GtL '6 .  1*1& ::r 7 -ffe:iJ; 

ffi.\, .. t-=.'t!o,  100--200 m (J)WJ�Uvc..ffi1, , G.tL --c � t-=.n;,  ::r 7 * 2 m J;J.J::il;'i:iJfil§ c t.r. 0 f-:.(J) --c-, 

4-1:&v:t s G t-9) 0 � � c·, ft� F IJ JV VC..�:bv:, '""CL-9) < t (!) c ,8c:!,b.tL 0 .  

3.8. 7. 7- ,b. � IJ JL, 

-�� / XN J: 9 �lli L,, 7](�8fii"" '6 F 9 N �, B*a�W�f, "i :b lJ K L,� ;:: "! �  

'6 ;o ", JL r*J vc..1¥121o 0 . ;t; 1 '7 - r*J !Ii F 1J 1v t � x. G .tL 0 iJ;, � ffl 11: � .tL t-: i (J) �i. , !ml: i,c.. ;t; 

1 "7 - �j=c �, Fldll1*,.� 1 7
°
l'C.. / X;v �0vtt-=. F IJ 1Hc.. ;t; - 7- c'����0 :15"Ac·s '6 .  -� 

(!) �i'5v:t, ¥e�•�.IEvc.. J: IJ ff 5 (!) --c·, �" ,ffl�U, �vc..JL r*J vc.. •*ii�� IJ / x 1v vc..1r ff:(!) ;o" 

t;-. 0 �v:t, �\�-�1EtJ�73i < t.r. '6 .  

*�(J) t (J)v:t, I 960if.vc.. ;1· 9 - Y- '7 :/ F (J) -c  Y- =r � 1J - £!1!!c·*�ffi7](tj:tfl:p (J) �wJ'c..� 

:b.hk (?j(tj:tfi:pv:t, ��*JI "! c·iWEJL�ffl 9 , ;:: .::. �c..�MJJ�\, ,.h,J!Hlfl(J) :n<��iJ:. l, , �* 

to .t rfJl'r*�ff 5 t (J) c-, ���i,c.. !zsl!v c· RoDruauEz fi:P c J: vi.tL 0 ) . ;t; 1 '7 - v:t 1 . 14 

MPa ( 1 1 .23 �.IE) (!) 19 I °C o_)�����'e� 360 kg �� l,f,:_ (�lli 1J*9 280 kW) . iWEJL 

(!)�� a 50 m c·s 0 .  �*�litv:tffl*ffi *tj:t ;f; Y- 7
° 
c �f*t-:;o���v:t IP] t: ;t;  1 '7 - � ffl \, ,  
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t..::.. jf:pf;t�ffii"°GtC."?;h,'""C��a-m L, 1 50 m 'i -c-�ffl l.,t..::. (CLARK, 1965) . .:. ;h,tt, J:: 

!cO)��,EE--e 150m ��v:t&f�tJ:�ffljztJ� ·-e � t..::. .:. c a'll'i"° c�x. GtLGiJ�, �ffl��:J:tiJ:. 

tJ: 1J ::k� iJ:. -0 t..::. c J�,:b;h,Q. :&li):t7,f(i:p:tf:p O)�fix:, *fOij'tc. v:ti@iEE;-3{ -1 7 - a'&i� c ..:i!f, 

'i t..::.�ffl�O)::]rtJ:\.- '�71( F !I 1viJ�ffl1.., , t:,;ri, Q .  

� < ,J-sffi.O) t O)tc. v:t, HoDGE 0)11Mifffi.tJ�� Q. .:. nv:t, �• 6.9 z O)�'lf�n{ -1 7 - cm:. 

:it 6.3 kg (7° 
1=2 .... � Y 1.8 kg a-'i3'tr) 0) 7° 

1=2 ..,{ Y ;-3{ :/-"a' 794 x 432 x 210 mm O)�fftc. 'i c 

6b t..::. t 0) "t:·, 7.J(tt � 0) Jti:v:t 26.9 kg "{· � Q. �ffl ��EEv:t 0.3 MPa (2.96 �EE) , mll!O:t 

141 °C "{·� -0 t..::.. *- ;q:t_ 1 *O):R � 8 m, j}:f£ 25.4 mm 0) ;,}'If ::t A ,  1131!f7'" 7 1=2 YO).::::m 

'lf"t:·, F 9 1H:t j}:f£ 25.4 mm, :R� 1.8 m, ;,}'If FRP, 1131!f7'" 7 1=2 Y"t:·, / �;v:f£v:t 25.4 mm 

� J: 'CJ 50.8 mm 0) t O)a- ffl t,-, f..::. . ,J\1£ / ;( ;v "{· * - 7' 1 *�ffi�tC.�A��v:t 33 m/h, 2 * 

�ffl� 15-25 m/h -e� -0 t..::.. n{ -{ 7 - "(·�a-mtJ:. l., 6.9 1 O):JJ(a-"? < QtC.12,t, .:. ;h,a-'ffiffi 

EE 'i "t:·i§b 6b  G tc. v:t 12,ta-� Lt..::. (HoDGE, 1911). ;-3{ -1 7 -- l±l 1Jv:t 3-4 kw c 11XE � tL G. .:. 

0) F !I 1vv:t1J-s:f£ (30-60mm) O)t\iJL (10m ttt\i) a-, -�tc.��ffiB!iUi"°Gtc.v:t� l., --C \., ,Q. 

3.9. �7)( f: IJ Jl, 

�7.J(v:t ;t; Y 7°"{·z7J(i"" G· fl£fE;-3{ -1 7 - "{· J: " ' ,  �t!li*i!ffi.l!ttJ�fl£v,O)"t:·�ffl�tJ�::lrtJ:"', 

�t, ,�!sJJLvc. t �ffi--C � G t.i:: c\ 7' :!- - A F 9 1v vc.Jt�--Cfli1�iJ��t, ,. 1978-791:f, 7,f(}¥420 

m 0) 1=2 .7-ffilJ7,f("t:·, XE1*l±l 1J  2 500 kW O)::kffi_n{ -1 ::, - a-ffil., , ,  :f£ 76 c m  J;I.J::0) 1f5nHL 3 *a' 

l., ,f;h, i 10�F1c11tll13'1::·iffi -0  t..::.. � GiJ:. C�f'f-0 t..::. 51 m �0)7j(i:p:tf:piJ:. G, 7.5 kW 7J(i:p;t; :,;  

7° "{· 2°c O)Jj(a-4Jt.73- 300 / ;i{ -1 7 - vC.z 1) '  98°C tc.� L,t..::. ? X., 71-:f£ 5 c m, *� 450 m 0) 

*- 7' tc. J: lJ ,  :R� 3 m, j}:f£ 7.6 c m  0) F 9 1v tc.�t, ,f..::..  iffl�UJLv:t7,f(i:pjf:pO):f:ltHC.JAiJ� -0 t..::. 

fffi73-a-1f4 L, '""( \., ,  G 0) "(·, JJ(v:t:tf:p c IL.lfEO)F1c1ia-ffiffli"" G c. c vc. tJ: G. *- 7' P3 0)i1��r 

v:t 100 m tc."? � 3.3°C "(·� -0 t..::.iJ�, C. ;h,vi.?LP30) 7J(0)7**51fJJfrJC.�-b;h,t..::.O)"t:·�jk"t:·v:t tJ: 

\., ,  (BROWNING et al., 1979 ; KOCI, 1982b). 

1919-soif, mffi.O) r- A c  "{·v:t, z*ii�� 26 1  O),J\ffi.O) t O)tJ�fflt, , Gnt..::.. n{ -1  7 -

ili 1Jv:t*9 160 kW "{·� Q. 7J(v:t �  Gil,. c���!la-f'J:: lJ ,  �• 2 ooo z 0) 7.1( �  :/ � tc. t..::.�t..::.. 

JL:f£ 7.6 c m t,tJ::"t:· 60 m ifflWUtc.v:t 1 135 I O)}J(a-� L,  ifflWU�F1c1iv:t 2 �F1c1i, 7..KO).'Vffl'a'\., ,;h, 

'"( <b 2.5 �f1c1i"t:·� -0 t..::. (KUIVINEN et al., 1980; Kocr, 1982b}. 

3.10. :k� (,: IJ Jl, 

•»cM�M �� 'i t..::.�M� a-* lJ , JLEO) F 9 � 113 --e••�� i@iilffi.O)*�a-JLE 

tc. � � #vtG F !I 1v "t:· i  c i c:\�Hpgfflvc. MUe�;h,t..::.. F 9 1v��O)t..::.�O)*l.Kc,g--b..:i!, � 

$--C· 3 *O) *' - 7-.. a-ffl \., , , 'i td�MfLP3 O)�J=§ --C·v:t , -ttL-7c;h,tc.i@ifE;t; Y 7°iJt��--c-� G t� 

E, �7.1( 1'� !I 1Hc.Jt��fittJ�:::kffi.m, tl*lc fJ:Q. 1977if12}3 , 1=2 ;r..ffi7,f("t:· 420 m O)jf4 

JL 2 *a--*10�r1c1,5Jij --C·iffi -0 t..::.tJt, �*rm.:itv:t 20 t K:1¥ l.,f..::.. ��EE*Fa��:t 2 t:r'a'mt7Uvc.ffi\., , 
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8.3 MPa (82�EE) -(·ffit,,f..:. �A�JiJt.JLf£ 60cm "c' 36 m/h, 30cm "c' l lO m/h "c' 'S v:, f.::. 

(BROWNING and SOMERVILLE, 1978). lli::1JLt 1 000 kW ffigU.:: tfEn.:�*1, o .  1978-79:¥tC. t ,  � 

�,j,�o_) <h o_) -C:·, {£ 33 cm o_)JL� 390 m ffil v:, f.::. (BROWNING et al. , 1979) t,�, -l-.ntJJ&v:t� 

:b .h, --o, ' f.t \, ' . 

4. r ::.,,  * ;vi@�lj 

:1k1*f9 c7_) 7J'(f t- Y;z. 1vc7_)11ilHM �:t 1955-59 :¥, !7' 1J - Y =:J  Y f7k1*�-c·fi:b:ht.::.. --l- c7_)t(t:if 

.ffl� (ABEL, 196 1 )  K: .. .J:: I) ,  t/.
---
flC���J&""'Q. 

1955:¥fc.tt ,  $1 1 .65 m, MI � 1 .95 m c7_) 1- :/.* 1v 150 m �::tvc.AjJfC. J: lJ ffin1iU L.k. £ f, 

-J;IJ�r$vC��. �� ct fCilB 20 cm (7_) .=:.ftJMc7_)��1'f IJ ,  --:) 1., , -C:'l:$�'-'JQV'S. L,"(-�@] 

5tti' L., :tlz;fkvc.1i&l�, 1i&EJ=h:t-t IJ -(·tfHi:l -t o .  1i&l�vc. 2 ;:g;, ff!�j2:,�.vc 2 ;:g;,  ttl:llivc. 2 ;:g; -(·, 

1 B (6.5 �11=19) f:fey 3.6 m ifre�"(- �t.::. r$ c7_)�{'f iJ vc., }]:ft 30 cm c7_) T :x. - :/ '/ - � �  

'.J c '%'JJfl'1. < t.tQi/, , ifre�Jfill!U:tt'l: c A, c· �:bGt.t ir• -0 t.::.. t- Y ;z. 1vc7_) :ft�iJ; 100 m � 

mx. Q c, 2 ii' c7_) --l- lJ -(·�:ttJl=ti:liJ�i@.1., , --:)iJ:.t.t < f.t v:, f.::.. JL 1=1 .J::  IJ 64 m :l1f!R,( -(·, :ri':P:h �iJ� ::i  

:/ !7 lJ - I- ;J:ktc [I!ij £ v:, t.::. .::r: v- :/ ,,--: :/ Ffci!f� L. t.::.. }J1. � 0.3-0.6 m t!.iJ�, '"'J Q �:t L. -(·v:tffi 

�-c:- �f, 15 (7_) �  c ,,-.. :/ � -:to .J:: lF:JE�� ffh ,t.::. (t!rfilP" :/ � -v:tff't� L. --o, , f.tiJ" v:, t.::.). 

1956:¥u:t, t- Y;z. 1vc7_) iJt$i , �*' :to .J:: tF  18 x I8 x 6 m c7_)�ia9 c7_)ffirnUtJq jh:ht.::.. 1- :/ 

.:z. 1vffl�Uv't. vj; c � c· '"'J Q v:t L. c T :x. - Y 'l -vc. J: .,,�, t.::. '/J;, 1f��:t}J* 90 cm 0) t (l) -(·, c. 

:hf c .J:: IJ 1 @] �:d.::. I) 7 5 cm 11lli it -c:· � t.::.. -!;1J .t$HIHB vc v:t, v -1v � � � I- µ ·;1 ::i � ffl 1., , t.::.. 

�i1=19v:t, :± t- :/ -*  1Hc Ia�-t'" Q � � 30 m c7_) t- :/ .:z. 1vc7_) *YiMvc {"F G:ht.::.iJ� , -! f 2 x 2 x 6 m 

(l) jgTif[JL �1-'F IJ , C. (l) J:$iJ:. � $1 2.7 m r%J � 2.25 m (l) 1- :/ .:z. JV � 1:£(l)*M J vC. ffl o .  c. 

c7_) J*� 2.25 m c 1.5 m c 2 �ifil 1J rvr -c 1- Y;z. 1viW:J� 6 m v:::.-t-Q. 13::0)+MJ <D flUlF1=19 

�C'm Lt.::.}¥� 5 m �SJ o_) ffJCv:t, 1 m2 Sk lJ *9 1 @c7_) 'i'Wc· , {£ 4.5 c m  c7_) 35�fflJL�, Jt-OlU .J:: 

I) 2.4 m, ftg(l){j{U .J::  I) 1.2 m O)��vC 2f;, P;-Q. j(jf:c7_) 7ilR:f£�w �,  -! tdf�Pf(Dnc'3'6�}:::.7i&l 

:{£-_?-Q t:.. 60, � r 7'J (l) fL v:. fl  frn c7_) 3 ffi-::1: 0) !k � � '"'J 60 t.::.. L '/J,. L 1( jt: (l) 0- U tU:h v:t � vt 0 :h 

f, ��J£ t.tff!Ht�¥i c-t'"c7_) vc32A. . B�i1=19�� Lt.::.. 

7}(E£iJ:�--r- c J}(iJ: .J:: lJ .1Hi.!¥J c tJ: I) , '"'J Q v:t L !'C .J:: Q ��iJ; m• c f.t Q. 19564(7_) l- :/ .:z. 

1v *y/ffi0) 1JcEB:t 4 MPa (1Jc1¥ 45 m) c·&> ,,,:d::. 'IJ;, c. n.UJ:c'v:t --:::> o vt L. v:=. J: 0 1i&l�vt m� 

ts. c7_) c', 1 957:¥vcv:t ::i - Jv n -:; � - (�lvH�) �z!JA L-t.::.. C. :h�:t, d A � -1 -v # � 'lltlb § 

7E1tn::::. --:)A,f.=�ffe: 2.7 m o_) ::k�T :,:_ - :/ Y - -c:·, rEO � 2.25 m F9 c'tf�::1Jffi] vc$j 1 5  cm o_)f}J 

lJ ��'/J�ff x. Q . c. :h -(·, J;tff l- :/ .:z. 1v�$i 3.6 m, � � 2.25 m vc]Avftc.l:, 1 30 m �* L., 

c. (l) vj; '/J:.v:::., vRffi 9.6 x 30 m :to .J:: tF 7.2 x 30 m 0) 2 --:)(l)�11=19�ifil�tl L. ts: . ifre�U1*v:t -J;IJ�ffiNo 

(!ijvc ::i -1v n 'Y � - "(-� � 2.7 m 0)-!;Tj I) ���1., ,:h,, i=p,C.�(l) 5 cm {£, 2.4 m �(l) 35�JL c· 

11�-tQ. fil lJ ��(l)f.::.601(*vt:tc'.JE"c'2f:iQ. -J;IJ*}.J'Jl: lli vcvt, 12a (l) 1- µ -:;  ::i c 1 i:r (l) �ffl: 
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mi� �ir$: � ffl " ,· tc.. 

1958:¥:to J: rF59iJ:.tc. &-l, � L,\, , r Y-* 1v c mf±:tc J: rFif M[�Fl3iWB
l
lU�::k�:B:O)jii,f1*JlR� 

(Joy Manufacturing Co. !,!!, 3 JCM-4 mi.) � ffl\, ,iJm�U L, t..:.. t. ;h,v:t., :9eYffiivc W�U,1*9 I m 

0) 5 *O)ffiT :c. - Y '/ -� ch 'b, .:: ;h, � J: r, ti:::fivC!JN0 -C, � � 2.5 m, t& 3.6 m 0)-Jj] 

;J;Jffi�ff Q .:: c t.J� --c-� Q. 1;1J IJ < fv't, 1?-lt !u i::t - =J --c-�ao :::z - ""'-v - --c-1&-mnc��- .:: :h 

l:)O)m.llJ:to J: a §:,tO)kab, l:f:L1Jitit 1 16 kW 0) 7 £0) -1:- - 3r - ��'t,, 0�:J11irniU�1Jvi:E 

wtvc)(-j" l,HJ7f 2 t --c-�Q. w��Hl:H't,  ± r Y _::f !v P'Jv'l:. 2.2kW O)-"'IV r ::z Y -"' 7- c 360 m 

'i --c-�*--c-� Q -"'Iv r ::z Y-"' 7- (-i:- - 3? - 3 £, ft 41 kW) �. 'i tc.fL 1=1 J: IJ ;f- 3?  wrn:1: 

'i --c·v't 1 1  kW 0) -"' 1v 1- ::z Y -"' 7-�fflv,, -OlllJ!!--C'v't, ttfil!5:tJ1�1fi (13.5 kW) c fft.7,i.J6;,,.. 

� ( 1 1  kW) � ffl \, , t..:.. 

1958�v't, 5.4 x 4 .5m 0) r Y.::f 1v 60 m, 5.4 x 2.25m 0) r Y ;;t- ,v 270 m, 380-1525 m3 <r> 3 

v:::><r>�r13,fJ: c· � 9 300 m3 
� .  1959'.'q=-fi 5 .4 x 2 .25 m 0) r y * IV 270 m C :&::k 2 000 m3 vc:to 

J: �130)�Fa9 tJ: c� 14 000 m3 �ffi�U Lt..:.. �1JWiJt*v't, 1958iJ=.v't 3.7 kW h/m3, 1959iJ=.v't 

1 .83 kW h/m3 -C � 0 tc.. 

s. r v :,,- 1- Q) tllli�U 

7 ,-r 1v Y}ivc r v Y7�ffi IJ ,  ElH.&.�n�vt-c7Jcq:i£:tt!!�ffQtU!�Jv:t, 1 954-58 �vc !/. !J -

Y =J  Y rO) Site 2 £:ttg--c- ���:h, 1959-60:¥, � Y -1- ::i. !J -£:tt!!lt�--c-jdfU�vc{j!:n:htc. 

(BADER et al. , 1 955 ;  WATERHOUSE, 1960 ; CLARK, 1965). 

1954�vq't,  l .2m 1Pi, 4.2m �<r>±. r v Y T  33m ( :, 'b 6m v:t��) c ,  .:: ;hvc�bQ 

IAJ r:,1--c- 3 .9 m �, 30 m *:to J: cf 1.8 m �. 14 m *O) 2 *O)ffill r v Y-1-, -tO)r�iJ�, W:ffi 

2 .l m O)  t- Y.::f 1v 20 m, 1.8 x l .8 m --c-m!� 30 m O) T::0
-;, rt.c c·�ffi�U Ltc.. t- v Y TffliM--c­

v't, 'i-f�ffi<r>ffl�i'ih , vC T  :c. - Y 'J - --c-�� 1.2 m <r>-!;1] IJ J6.l,i.:z- \, ,:h,f..:.1&, '/' -v  -"'Jv'1:'7 

,-r ,v Y � f i::t -:1 !1 � vc 1;1J IJ lli L,  ? -1 Y T --c· V- < -t IJ vct:;--1:t, � Ii!-! J: IJ �F lli Lt..:.. 3 A --c- 8 

�rl39 <r>Wll1iU:B:v'tl:Ji 2 .1 m '"c' 20 m3
, rJi--c·v't 10 ffi3 '"c'� "? tc..  30 m }, l/ Y 7 0)rJit.J� l?v't, 

�,J ',ElHlfilt'.<r>t..:.ab, *mi.� ffl\, ,5EM<r> 7· i::t -;, !/ �T :r. - Y 'J - --c·m I) lli L,t,.:. 3 A '"c' 8 �rl3, 

<r> f'F�:B:v't 5.7 m3 --c· � 0 tc.. !::" ,:; r v't, 10 m m! 'i --c·v:t. T :r. - Y 'J - , J;.J,�a---:::> Q v't L � ffl 

\, ,, -!;)��j:l:f: HCv't, 0.6 x 0.6 X l .2 m 0) 7- =t" - {t� r i::t -;,  ::z �{j!ffl L,, -ff'-ff'ffirtf..: l::
0

•;1 t, �ffi 

:Z- 17 ,{ YT c·V-� � �f..: (BADER et a/., 1955). 10 m .[;.)_ m!--c·v:::> Q v't l, � ffl \, " f,.: 0) v't ,  T :r. -

Y 'I - J: IJ !f:H,ffiJ!!l}1�J!tJ� 0 t.::.. tc.ab --c· � 7:> 5 .  LiJ\ L, T :r. - Y 'J - --c-na im�m'f*t.J\ GW IJ 

. L,f,.: f i::t -;, ? v't, 1;1J IJ § K < ��:z-h�J6� c �£Kr�-C-��Q<r) -r!, v:::>Qv'l:. L � IJ 

'.:!11Jv't'-E < -c��-

1955�J;.J,:&t<r> r v Y Tffi�IJ"'t, i::t - 3? !} - ��� (Peter snow miller) vc J: 0 t..:. 75 kW .::r.. 

Y � Y 2 £, �ffl'IPM 2.42 m, :&::k��� 1.2 m, �!:ffl':B:vi�J.l 400 kg/m3 0) �'1:', 600m 3/h 
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0) i 0) -C:'� Q . 1955-56:¥v:t, m! � 1 .9 m, ,i 3.63 m 0) 1' v :/ 7 i:p�fm 2.42 m �tm 9 rtrf, 

WuffiJifc!J VC 7 - T�V < :a: tJ:.vt, -z:- O) J:���� O) �f� (Peter snow C ,fil.�) -c:·.:;to ,:to i., , , 1Hs 

� -1t-C �Mt.& c --t G il,i\�bq·j-b;h t-=.. � oyjfi:t:, -C· 4.8  m $& j: --c· v-i � ,m tt! ii; � ffl -c· � G 

(WATERHOUSE, 1 960). J: iJ ,&JA\, ,�jfc!J7J;£,� f.t ��:t, 1' l/ :/ 7  p{fil O) �iJt$j-j- G -:¥ 7* 7J;, 

1 9584-tJ- 1$.�b;h, -C \, ,  Q (CLARK, 1 965). 

�fr, P - !J 9 - ����:t, 00,@:-C:' t �fffllJ� � ;rl, L \, ' Q . P'J�£jtff@�VC .:;fo \, , "( , P ­

!J 9 - ���vc J: G !fflffirnU:n:i:t (cut- and cover-method) �:t �MvC{mf--t G c Ji!!,:b;h, G .  
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