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This pap'er' reports the 'deyelopment of a.‘no'v'el boom for use when oil is

B spilled on flowing water infested with ice floes. The boom utlllzes the ruddermg .

principle and consists of a perforated boom body and a number. of fins behind the

' boom The angle between the fins and the boom is ad]ustable. The lmpmgmg of
_the current on the fins brings the boom into the flow and the boom makes an angle
thh_. the _c_urrent. While the surface current and the oil slick a_re_ able to. pass

- through the perforating holes in the boom to the ice-free area behind the boom, the

. ice floes are barred from entering the area and are g‘uided to one ‘side.' After

o _~flow1ng through the perforated holes, the surface current is further deﬂected by'

_the fins. towards the shore, carrying with 1t the oxl shck to the slow shore reglon for

B easy recovery.

: Detalled theoretlcal analy51s is made relatlng the angle between the fins
“and the boom to the angle between the boom and the current, relatmg the size of N
" ‘the ice floe that a boom can: deflect to the correspondmg yielding angle of the
- boorn and relating the force on the boom to the angle‘between‘ the fins and the

"~ boom. Different parameters are 1dent1f1ed and their effects on the performance of h

- the boom are thoroughly studled Based on the theoretlcal mvestlgatlons, one now

~can ‘design a boom for practical use.

Preliminary laboratory experlments were performed on a model boom. |
‘l'he laboratory testing confirmed the feasibility of the ice-oil boom. B
A prototype boom was constructed and field tested in the Detroit River.‘
‘ ‘I'he field experiment confirmed theoretical predictions and showed that the newly

E _vdeveloped boom can perform its duties as expected.

Further laboratory experiments are be1ng planned for obtaznmg some
- design coefflclents. A second generation boom will also be constructed and tested

- ai_m_i_ng to improve the deployment procedure and the performance of the boom.
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Lo mmooucnon:
o When oil is spllled in r1vers w1th drlftmg ice floes, the conventlonal'.
' containment booms and recovery apparatus have great dlfflculty in performmg ‘
~ their functions.. The ice floes will rip the conventnonal booms apart and jam the
~ intakes of the recovery machinery. In fact, even ‘the operatlon of small craftsina
fast current with drifting ice floes is not an easy task. The small vessels can
' _capsxze easily when rammed by large ice floes. - . ‘ '

“The presence of ice floes in rivers during winter months is not uncommon -

o and is not necessarily confined to spring breakup months. Statxstlcal analysis of

'v the ice conditions in Detroit and St. Clair rivers, for 1nstance,;showed that the .

" most likely form of ice in the two rivers is ice floes (Tsang, 1797,5)’ An aerial
| survey by Tsang made in the winter of 1974 showed that most ice floes were less

- - -than the size of a tennis court. However, occasmnally large ﬂoes spanmng up to .

a half the rxver's width would drift down the two rivers. R P
‘  To contain and recover oil in an ice infested river, an ice free area has to
| -be created first where conventxonal clean up gear may be employed Such an area

is obtamed ifa barner can be set up which, while permlttmg the 011 shck to pass

- through will bar ice floes from entering the area.

. In the above quoted work by Tsang studying how to contam and recover .
spxlled oil on the Detroit and St. Clair rivers in winter should such an 011 splll
.“occur, Tsang proposed the use of perforated booms at an angle to the flow. While
the slick should have little difficulty m passing through the boom through the
: ‘opemngs provided, the ice floes would be guided by the boom and deflected to one
 side. _ i . _ '
' " There is enhough evidence showing that, even under lce free conditions,
" the containment of oil by conventional booms on fast ﬂoWing water is ineffective
(Vanderkooy et al, 1976; Foley and ‘Tresidder, 1977). It will be desirable,

| therefore, if the perforated boom proposed above can direct the oil slick to the

" slow shore region for containment and recovery, in addition to 'barring the ice
. floes. o v - L | )
"Not only are conventional booms ineffective' in containing oil on fast
flowing water, but their deployment in fast current is also difficult because they
" need to be _anchored by the two ends, many times with intermediate anchoring
points in between. For easy deployment, therefore, if an ice barring boom is to be -
deployed, it will be highly desirable if the boomn only needs to be anchored at one
“point, preferably from the shore.
-1-



L Glance booms have long been used by the pulp and paper 1ndustry to

R conﬁne the pulp wood to the desired- channel (Koroleff, 1932 Lazier, 1964).

_anure 1 shows the conﬂguratlon of a glance boom. - It is seen from Flgure 1 that
s the boom needs only to be moored by its upstream end from the shore. The fins or
rudders, when 1mp1nged on by the flow, will take the boom into the current. By
_ varymg the angle between the fxns and the boom, the angle between the boom and
' the current can be changed The oncommg pulp wood upon meetxng the boom, is

v'gu1dedtoone51de. ' - ‘ B e
_ ‘An ice infested rxver is 51m11ar to a nver transporung pulp wood A
A'glance boom, therefore, may be used as an ice barnng barrier. If perforated

- opemngs are provided to the boom, then the oil slick will be able to flow through

"' them to the ice-free area behind. The surface current, after flowing through the
':opemngs, will impinge on the fins and be deflected towards the shore. The
~ shoreward current will carry the oil slick to the slow shore regron for easy

o 'contamment and recovery. _ Accordmg to the above, it appears, a perforated '

“glance boom is the ice-oil boom that one is lookmg for. S o
_y The envisaged boom shown above also has the very deSLrable bullt-m
stress-relief characteristic. Should the boom be hit by an extraordinarily large 1ce

floe, it ‘will simply yield by swinging towards the shore instead of farl_;ng, Once the

ice floe is passed, the boom will swing back into the current again. -

’ ' It is worth mentioning that the glance boom also inspired the develop—
_ ment of boom deflectors by Brodsky et al (1977). The deflectors are in the form
of_md1V1dua1 fins that can be clipped onto conventional booms. The clipping of
- deflectors to a boom makes the boom a straight deflection boom that only needs
~ to be moored by its upstream end. Upon meeting the boom, the oil shck is guided
to the desirable point for recovery. . '

Deflecting the oil slick towards the shore region by deﬂectlon of the
surface current has also been contemplated by Eryuzlu and Hausser (1977). They
proposed to deflect the surface layer of a river by a set of current deflectors.
The deflectors are in the form of floating aerofoils and are deployed like flying
kites in the horizontal plane. When placed in water at the shore, the current will

take the deflectors into the flow. At the equili_bri‘u'm pos‘ition, the deflectors

deflect the impinging current towards the shore, carrying the oil slick with it. A
model study of the deflectors simulating the St. Lawrence River situation showed
that several metres of the surface layer should be deﬂected This calls for the

construction of massive deflectors and moonng structures.

- _,2-
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Although the glance boom has been used for ma.ny years, 1t has not been
' comprehenswely analysed. . In this paper, the proposed ice-oil- boom w1ll first be

o ",th_eorenca_l‘ly analysed in detail. Then, the field test of a prototype boom, which -

B was designed and constructed based on preliminary theoretlcal 1nvesngatlons and
- model testings, will be reported. The experimental findi'ngs ére'eompared with

o theoretlcal predictions and recommendatlons are drawn for further development- |
of the boom. S s S




- 20 THEORY
The glance booms used by the tlmber mdustry are made up of 1nd1v1dual"
unlts as shown in Flgure 1. The units are linked together either with ropes- or-

‘ ‘shackles While such a flexible boom may be adequate in deflectmg pulp wood,
both laboratory and field tests showed that it deforms excessxvely when hit by ice

o - floes of relatively large size and thus is unacceptable. The 1ce—01l boom to be

' developed therefore, should be rigidly connected between umts._ :
' Figure 2 shows a rigidly constructed boom of N units. For each umt, 1t

o compnses a sectlon of the boom body of length Lb and a fin of length L... £ The fin

- is hinged to the boom section at a distance L from the upstream end of the' |

B 'analyses are made ‘on such a boom

‘section and Lg indicates the.gap between the fin and the boom for reducing
turbulence. The upstream, unfinned part is . for protectlng the fins from ice
> damages and was found to be necessary from the fleld expenment The followmg

e 2.l . Moments Actmg on the Boom

N _‘ Flgure 2 shows the envxsaged ice-oil boom bemg deflected by the current_ .'

o .:to the left. The dlagram shows that when the fm angle is a, the equ1llbr1um boom

| '_‘angle is 0. , , o o ‘ |

' - 'In the analysxs here, the followmg assumptlons are used
() The drags on the boom and on the fins are produced by the normal

- component of the velocxty alone. IR , |

(ii) For each unit, the boom drag acts on the mid polnt of the boom section

and the fin drag acts on the mid point of the fin.

\ (lii) The presence of the fins does not affect the hydraulic behavxour of the
 boom, and vice versa. S

. According to the above assumptions, the moment due to the drag on the
. boom section of the nth umt about the upstream end of the boom point A is seen
" to be _ '

( DpV Sln eAb)L ( I, "‘7) ()
- where Cb is the drag coefficient, p-is the density of water, V is the flow velocity,

Ab is the projected area of the boom section to the normal'velocity component




Anchoring Point

---------------

° " Fig2 Definition diagram of ice-oil boom



and the first bracket 1n the equatlon is the drag on the boom sectlon. For.' all
. other umts, similar equatlons can be wntten. The_ summation of all the N
moments gives ' ‘ Lo e T
' _ 1 2 u. N -
- m = - N : _

PO bn = 2CD"V sin eAbLb(L * 2)N @

_ n=1 . . . _b o B S
- For the upstream protective part L o’ the moment by the dr’ag on it about A is -~

m '—Hzltc V251n29A L Lwl) g
bu " 2 D" b b \2 AbLb IR

where A is the pro;ected area of it to the normal veloc;ty component. ’l"hev

summatxon of Equations 2 and 3 gives the total moment on the boom body about A o

Mb‘ If Mb is normahzed by the followmg equatmn

- it can be shown that
)

. Mb* = Sin” ©

_ , Accordmg to the theory of mechanics, the moment by the drag on. the fm | :
. of the nth unit about point A is given by ' : L .
2

. ._""1- 2 1. 1.
mg "'['Z'CDQV Sin (a+6)Af] (Lg+‘—2-Lf)

1: 2¢:.2, aovaln . R €

+ [7 CD p.V® Sin® (a + 6) Af](Lu + (n -1) ,Lb + La) _Cos o
‘where Af is the imm'ersed area of the fin. ) The quantity inside the square bracket
is the drag on the fin. The first term on the right side of the equation is the
- clockwise moment by the drag on the fin about the hinging pomt and the second
term is the counterclockwxse moment of the drag force, now considered to be
acting on the hinging point, about point A. Again, similar expressions may be
.written for all the N fins. The summation of all the moments and the s’ubsequent
normalization of the resultant moment by the denominator of Equatlon 4 give the
followmg non-dimensional moment by the drags on the fins Of the boom:

7-



S My e 2 f u a_ N-1
- "'_'_,',ff.-v"'SAlrw‘ (qfé)“TbZN (Q"ff—-’-_) L

""E.quatioriS?S a:r_\d.7'are derived Whén' fhe boom is deﬂéctéd by the current .

to the left.. Under certain pai‘ametric conditions, it is possible for the boom to be

' - deflected by the current to the right. In such a case, two similar equations may
be derived. If the boom angle is considered to be posmve when the boom is
v'deﬂected to the left by the current and neganve when the boom is deﬂected to

L B '-'_the r1ght, these two equations may be absorbed into Equations 5 and 7 and one has

e '('_e) AR R T
'-b*}"_‘_, _ L ZAb e o
M. =Sin2 (a+8) - v, a Nl
Mf*- 51n v(“*e) ABN » (L I 2) Cosa-( 2 ) ©) .

b b

For equatlon 8, the positive and neganve 51gns are used when the boom angle is

e positive and negative respectively. In the equation, Sm (o) is not written as

 sin% ‘as not to mask its mathematical true form for later mathematical

- operations.

22 Effect of positioning of Hinging Point of Fin-

The ice-oil boom is intended to deflect ice floes and thus should be
'deﬂected to the left by the current for shxeldmg the fins behind the boom. For
' practlcal engmeermg construction, the upstream protectlve part should be formed
by one or more boom units without the fins and this makes Au/A Lu/L Under-
‘the above conditions, Equation 8 has the form of ' '

My .-=.Sin26 [;ﬁ (% I-l:-‘i +'N) + N;] (o)
'The above moment is always positive for r'educ'ing the bbom angle @ and is
independent of the fin angle a. : S
_ As to the fin moment M £’ it is seen from Equation 9 and with reference
to Fxgure 2 that M 1, consists of two parts. The first part is for reducing the boom
angle © when a { 50° (counterclockwise moment) and increasing © when o 90°

(clockwise moment) while the second part is always for increasing the boom angle



-0 (clockw15e moment) Smce the 1ce-01l boom is for barnng ice floes, it should be

made to. swmg into the current as much as p0551ble. The fm angle of the boom a

"under workmg conditions, therefore, should be greater than 90 _
: When a.>90 , it is seen from Equation 9 that the moment for mcreasmg 6 '
vmcreases with L /L To obtain the. maximum clockw1se moment, L /Lb,
therefore, should be assxgned the maximum value of umty. L /L equals unity
: requ1res that the hinging point of the fm be placed at the end of the umt.

2.3_ N Crltena for Direction of Boom Deflection

' "__.At equilibrium, under ice free conditions, one has . . e

Can

o The substxtutlon of Equatlons 8 and 9 to the above equatlon, under the condition of

L /L =1, leads to DR T P A T
Csin2 ol 2 (LY. NN L
St Tz T, 3 T

= sin2 i SV L O -t I u N+l o
-'va(;a'*e)i\bN[-(Lb' +'2_1%)“ (ft';* > )vCosa]

“using the upper signs when 6> 0 and using the lower signs when 6< 0.

. It is seen from Equation 12 that since the left hand side of the equation
is always positive and the quantity outside the bracket on the right hand side of
~the equation is also positive, one should have ' ’ ‘ ' |

8 bt N+1 ‘ N
(2 5) (2 ) e poesrs o

- The above inequalities may be rewritten as

and

4

N

N
= -
U .

'Coed( ;for6>‘0' o (15).

.t"l Cl_ U.""L,'n"' .
Z
+
[T

o



fa'nvdv'_'. B

Cosa ) sfor 00 L (16)

The above mequaht1es give the criteria of the fm angle o for the boom to be" '

o , deﬂected by the current to the left and to the r1ght.

~Since a .can never be greater than umty, Equatlon 16 can never be'_'
o satlsfled when Sl

b B R

N
) U"

In other words, under condltlons shown by the above 1nequa11ty, a boom can only
" be. deflected by the current to the left. : : R :

'2.# - G-a Relationship under Ice Free Conditions

By rearranging Equation 12 and based on the d1scussxons m the last
‘section, one obtains : » o e

- - }_
6 =*cor!| L A L | cotad am
= -0 Sina | A /L L L _ h ‘
‘ o _._f.. N i. _g.+_£_ n —g..q...N_-ti Cos a ' ’
: ' Ab Lb ZLb + Lb 2
: | b ¢t . S

“using the upper signs when Equation 15 is satisfied and using the lower signs when
Equation 16 is satisfied. Based on the above equatlon, curves of  versus a may be
calculated and plotted. '

Equation 18 contains L u‘/Lb N, Lg/Lb’ Af/A and Lf/L five parameters. To

- study the effects of these parameters on the 6 versue a curve, the different

~ parametric values as shown in Table 1 are used. In the table, the underlined
| values are for the parameters of a reference curve and are selected as being °
engineeringly reasonable. To study the effect of a parameter, the ditferent values
. of that parameter as shown in Table 1 are used one by one while the other
parameters remain those of the reference case. The comparison of the different
- curves so generated reveals the effect of the parameter.

S -10-



- The parameter A /A may be replaced by (H /H )(L /L ), where Hf is
~the depth of the fin in water and Hb is the equ1valent depth of the boom in water.
Because opemngs are provxded in the boom,. Hb wnll be less tha"x the actual depth'
- of immergence of the boom in water. Since L / L is already a parameter, H /H
*-therefore; may be con51dered as the parameter replacmg A /A The values of _
“H, /l-lb, when it is used mstead of A /Ab, are also shown on Table l. _

| TABLE 1 PARAMETRIC VALUES USED IN COMPARATIVE STUDY

L/, 0 ol 02 03 04 05 L0
oL, 05 0.8 1.2 Ly 16 A
UMM, 10 L2 L& L6 L8 2.0

ks

Based on Equa‘tion 18 and the ‘par'ametric values: shown in ‘l'able' 1,
_A'dlfferent sets of 6 versus a curves for dlfferent parametric conditions are
. calculated and plotted as shown in Figure 3 to 8. '

Figure 3 shows 8 versus curves of different L /L values. It is seen
: from Flgure 3 that the curves are of the same shape in the form of a fallen S.
From the curves, one sees that a boom under the glven parametric conditions will
be in the direction of the flow when the fins are completely open at 180°. As the
- fins are gradually closed, the boom begihs to swing to the left into the flow until a
-maximum boom angle is reached. Thereafter, further closing the fins will reduce
the boom angle until 8=0. From that point on, the boom will swing to the other
side. It is interesting to see from the curves that the boom will also swing to a
maximum angle to the right before swinging back. ‘When the fins are completely
closed, the boom will be again in the direction of the flow.

oL



, F1gure 3 shows that the curves are close together and the value of ema)r
. are greater for booms thh smaller L /L values. This’ means that, although the .

‘increase of the upstream protective part of the _boom Lu tends to reduce the

- ~-maximum angle the boom made with the current, for the shown parametric range

at least, such an effect is small and insignificant. For a boom with a protective
length five times the unit length, the maximum boom angle is about 2'+° and for a.
boom without the protective part, the maxxmum obtamable boom angle is only
' ~about two degrees greater, ' o ' s e

F1gure 4 shows 6-a curves of different N values. It is seen from Flgure 4
“that the curves are of the same form as those in Figure 3 although they diverse
f.more from each other. However, the diversion of the curves is maxnly for ‘their

lower parts. For the practically important range between a=180° “and the point of

o _maximum boom angle, the curves are almost coincident. Thus, one may conclude

~that under the present parametric condmons, at least, the number of units used m_' "
a boom has little effect on the hydrauhc pertormance of the boom.. , ~ -

~ - In Figure 5 are 8-a curves of different Lg/L ratios. These curves are.'
“again of the same form as those in Flgures 3and 4. It is seen from Figure 5 that,
~ although curves of higher Lg/L values show greater 9 max values, the difference

- in®___ in the selected L /L range is not much; comes to only about 3°.. For the

‘1mportant range in practlce between 6=180° and 6 < the curves are almost.

. comc1dent. Based on Figure 5, one thus sees that mcre:smg the distance between
the fins and the boom is not an effective way to increase the boom angle with the
- flow. ' S o ' _
, Figure 6 and Figure 7 show the same parametric effect but denote it
differently. In Figure 6, the area ratio Af/Ab is used and in Figure 7, the depth
ratio H /H is employed. Both diagrams are subject to the same constraint of
‘constant length ratio of L /L =0.8. ' ' ‘
It is seen from anure 6 and 7 that with the length of the fms maintained
- unchanged, the area or the depth of the fins has a great effect on the hydraulic
characteristic of the boom. For instance, it is seen from the curves that when the
area or the depth of the fins is doubled, the maximum boom angle is increased by
close to 7°. From the lower halt of the curves, one sees that when the fin area (or
- the fin depth) is greater than a certain critical value, there will not be a maximum
~ swinging angle of the boom to the right (emin). In such cases, the boom will swing
continuously in the counterclockwise direction as the fins are further - closed.

12-
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Fig.6 Boom Angle and Fin Angle relationship for different Fin Areas.
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: Eventually, when the fms are completely closed the boom w1ll theoretxcally pomt'. ’
upstream. Such a boom position, of course, would. never occur 1n reality because '
“it is at unstable equilibrium like a needle standing on 1ts\ ‘tip. - The sllght_est,
' '»disturbance in the flow will upset the equilibrium and cause the boom to swing'

. downhstream. . A right-swinging boom, or the lower half of the curves, of course, is

of academic interest only as far as the development of the ice-oil boom is concerned.
Figure 8 shows 8-a curves of dlfferent L /L ratios. For the plottings -
the depth ratio of the fin is kept constant of H / H -1. It is seen from Figure 8

: that the curves are of similar shapes to those of Flgures 6 and 7. Thls should be

) “expected because they all reflect the effect of increasing fin area on the boom

~angle. It is seen from comparing' the upper part of the curves on Figures 7 and_ 8

- that the' increaSing of fin area by increasing the fin length is more effective to
. . mcrease the boom angle than- mcreasmg the depth of the fin. For instance, the

| comparison of curves 2 and 5 in Flgure 8 shows that, when the area of the fm is

s }fdoubled by increasing L./L, ‘from 0.8 to 1.6, the maximum boom angle 6 _ max 1S

- increased by a little more than 8%, This is more than an increase of a little less
~ than 7° when the fm area is doubled by doublmg the booms depth as shown in
':'.Flgure 7. ' o o L "
B From Figures 3 to 8 and the dlscussmns about them, one sees that the -
1ce-01l boom should be initially deployed with its fins completely open. Then, it
- can be brought into the current by gradually closing the fin until the maximum
s boom angle is reached. The nearly linear curve of the 8-a curves at high fin .
-angles means the swinging of the boom into the current is almost prop.ortional to
-the change of the finh angle. Such a characteristic; of course, would make the
operation of the boom much easier. From the curves, one also sees that they are
~quite flat near the ®nax Point. This means that 6 max is insensitive to the fin

angle around the optlmal fin angle a max"® For field operation of a boom where - °

strict operatlonal control is dlfflcult, such a relaxed operatlonal requxrement is
very desirable. ' ‘ '
For better v1suallzlng the parametric effect on the maximum boom angle

) and the correspondlng optimal fin angle a 8 _anda are plotted

max max’ “max max
against the different parameters L /L N, L /Lb, A /Ab, H /H and L /L as
shown in Figure 9. From Figure 9, one agaln sees the lnsensmwty of 6 x o the '

change in L /L Nand L g/L Although 6 increases with the 1ncrease of the

-8
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"fm area, e1ther by 1ncreasmg the fm depth or the fin length the 1ncrease is

- moderate and almost lmear. From the diagrams, it is seen that with engmeermgly :

- practical’ dlmensmns, an ice-oil boom probably should be expected to make an

»jangle of -about 30 with the current and the optxmal fin angle would be about 110

25 Restormg Moment of an Offset Boom

From the last sec_tion, one sees that under. a gi'vevn' set_of_' parametric
" conditions, there always exists an optimal fin angle @ o at which the boom will
make the maximum angle emax with the current. ‘Under working conditions, a

. boom should be so deployed that the fin angle is O ax and the boom ang'le is emax.‘

If, for one reason or the other, the boom angle of a- workmg boom is

' -changed to 6 an unbalanced, restoring moment will be resulted. The restoring

A 'moment tends to brmg the boom back to its original position. until 6= 9 - agam_ |

, max
- The restormg moment is produced by the changes of the moments actmg on the A

A_boom and on the fins: o e T e T .
} The moment acting on the boom is given by Equanon . the substltutlon -

' ~of ema into the equation gives the moment on the ‘boom at the equ1l1br1um ’
‘position Mb max,
the boom at the new boom posmon Mb . From M and M; one obtains the
- * by b ax* R

change qf the moment acting on the boom

L - | 2,y e
MMy = M, =My max, '.A(s‘" 0-Sin” 6, _") W
where
' A= (-1- = 4 N)+ N e (20)
o Sk tl; Z2 L 2 o :

In writing Equation 19, only the prectically important case that the boom is
deflected by the current to the left is considered. One also assumes

A /Ab Lu/Lb. By wr1t1ng 6=0 ax~ 28, Equation 19 can be rewritten as

-ACos Zemax o S .
"A.M_b*_ = ——5—— (1 -Cos ZABftenzemax Sin 2A6) | (21)_
“which is the reduction of the moment on the boom body itself due to the :_'eduction

of the boom angle A6.

a21-

and the subsntutmn of © into the equation glves the moment on’ -



The moment actmg on the flns in normahzed form is glven by Equatlon 9.
The substltutlon of 8=9 a)t and a= ama'x into the equatlon gives the moment on the
fms at the original boom posi tion M f max* and the substitution of 8=6 »and a:_amax
mto the equation gives the fin moment at the new. boom posmon M £, . From these
two ‘moments, it can be shown that the change in the moment on the fms (M £"

Mf_max ) is given by

SR 7-"(cc°sa -B)Cos(.Za +20 ) . e
o max max ~ max’ |{,_ - 49 P _
S AMf*- — 7 . . [1 Cos ZAB_tan(thmaxQ‘Qmax)Sm 2A6]

where

and

Cee Mo fu Ny e
C=x N+ oy
Y (Lb i 2). R

. The algebralc sum of Equanons 21 and 22 gives the restorlng moment of the offset |
boom ‘

© MMy =AM v M O (25)

In the last sectlon, the values of amax and 9 é for dlfferent sets of

: parameters have been calculated Based on these Qo ax and 0 max values and
Equatlons 21, 22 and 25, curves of AMb , Al\)lf and AM, versus AB curves can be
*

_ calculated and plotted for dlfferent parametnc condmons as shown in Flgures 10
" to 14,

-22-
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Flgure lO shows the restormg moment versus the offset angle curves, or

‘speClﬂcally, the AMb ’ AMf and AM versus Ae curves, at different L /L

*
ratlos It is seen from the curves that the upstream protectlve length of the boom

o L , has a noticeable effect on the restoring moments of the boom. It is interesting

_to note from Figure 10 that under the selected parametric conditions, the total -

'restormg moment of the boom, i. e. AM*, is caused more by the reduction of the

- ‘counterclockwise moment on the boom body than by the increase in the clockwise

‘moment on the fins. It is also interesting to see from Figure 10 that while the

, A‘Mb* versus A® curves become flatter at higher A6 values, th'e 'A‘Mf* versus A 6.

‘curves are more or less linear for the whole A6 range. By comparing the AM,-A6

- curves, one sees that the eifect of L /L on AM* is almost proportlonal to the- '

'*valueofL/L , o ST , |

‘ | lt should be noted that as far as the desxgn and performance of an 1ce-‘
boom are concerned, one is only interested in the AM -A® curves. The several

. selected AMb;AB and AM f* A© curves are for the purpose of asslstlng one to - |
see the physical insight. It should also be noted that according to Equations 21, 22
| and 25, the restoring rnoments AMb* AM f, and AM, calculated are all negative

, _,values, indicating that they are clockw1se .moments. For better graphlcal
| presentation, however, they are shownas posmve quantmes in Flgure 10. |

Figure 11 shows restoring moment curves of different N values. One

" sees from these curves the great effect of the number of boom units on the

restoring moment AM,. The effect of N on AM, is more prominent at higher N
- numbers. This means that it is more effective to add five units to a 15-unit boom,
b, A8
and AM -AG curves in Flgure 11 again are for supplementary purposes only.

.say, than to a 10-unit boom for increasing the restoring moment. The AM

“These curves show similar characteristics as those shown in Flgure 10.

In Figure 12 are the restoring moment curves for booms of different
‘ L /L ratios. From the curves one immediately sees that the effect of L ‘/Lb on
AM,, AMb* and AM f, is limited. Therefore, to increase the gap width of ‘the fins
is not a practxcal way for increasing the restoring moments. '

Flgure 13 shows restoring moment curves of different L /L values. Itis

seen from these curves that the fin length Lf influences _AM* gre_atly. For -

increasing the restoring moment of a boom, it is practical to increase the fin

length. From the supplementary - AMy and Al\)lf curves, one sees that the fin

thafn on AM. » While for booms of low Lf/L-b

~ length has a greater effect on AM b.
. ¢ 3

Iy
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'.,ratxos, ‘the restormg moment of the boom AM* is largely contnbuted by AMb, for
5 -booms of large L /L ratios, AM £, becomes the major contnbutor. N _
In- Fxgure 14 are restormg moment curves under d1fferent A /A ratios.
' -’thle.the fin area is varied, the fin length is ‘maintained the same. Thxs means-:
| that the fin area is changed by varying the fin's depth Itis seen from the curves .
" that the fin area ratio A /A (or the depth ratio) also has a great effect on the .
restoring moment of the boom. The overlaymg of Figure 14 over Fxgure 13,
vhowever, reveals that it is slightly more advantageous to increase AM, by
mcreasmg L £ than by increasing Hf for the same fln_ area. From the
- supplementary AMb* and AM £, curves, one also‘again. sees the greater eﬁect of
“AIA onAMf thanonAMb o T »
. For effecuvely deﬂectmg ice ﬂoes, a boom should produce a large
B restoring moment when it is offset. ‘From the above dlscussmns, one sees that the
B :best way is to use as many units as. possible: in the boom and for each umt, the fin .
should be made as long as engmeenngly and operatlonally permxssnble. '

) 2._6_ , Stoppmg of Ice Floe by Boom -

_ f Figure 15 shows the stopplng of an ice floe by a boom. F'ZBefore the 'arrival
.of the ice floe, the boom is at an angle of 8 __ . to the flow. As the ice floe hits
the boom, the boom yields and a restoring moment as discussed in the last section
~is produced. The yielding continues until the normal Kinetic energy of the ice floe -
' _’to'the boom is exhausted and the boom angle reaches its minimum value of 8
Thereafter, the boom begins to swing back to its original position under the
restoring moment and_ in the process imparts normal momentum in the opposite
- direction back to the ice floe should it not have left the boom.

In this section, the relationship between the size of the ice floe and the
y1eld1ng angle (9 : ,,V- mlru) will be studxed. To simplify the mathematical
modelhng, itis assumed that. C e

I. After hitting the boom, the ice floe w1ll not rotate, SO no llnear kmenc
: energy is transformed into rational kinetic energy.

2. _ The friction between the ice floe and the boom is negl‘igible. i

3. The loss of kinetic energy due to the initial impact between the ice floe-
. and the boom is negligible, and S ' o

- 4, There is little displacement of the boom other than rotation.

_28 - | 7
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Fig15 Deflection of an ice floe by boom
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At mxmmum boom angle 9 in ’ the normal velocxty of the ice ﬂoe to the :

A’.boom is zero. The loss of kinetic energy of the 1ce ﬂoe in the dxrecuon normal to
:’the boom, therefore, is o ' '
| AE.K = (p A t)ﬂV an. _.emlm o i (‘26)._
r_where P; is the density of the ice floe, A is the area of the ice ﬂoe, t, is the»
'thxckness of the ice and n is the coeff1c1ent of v1rtual mass. Accord_mg to the
theory of hydrodynamics (Lamb, 1932), the stopplng_ of an object moving in air and
in water, say, is different because in the latter case the water 'that moves with

- the object has to be put to rest also. The net effect of this is an equwalent B
- ‘increase of the mass of the object by a ~multiplying factor n greater than unity.

: For a cylinder made of a material of the density of water, for 1nstance, the value

‘ of n is two if the cyhnder is moving in water.

- Because the normal Kinetic energy is used to overcome the restormg
moment, one may write the following equatlon e '

_ .1“ : --2. e e
-,Z(pi Ai ti)nV sm ®mini * 2 chv Ab Lb / AM d(Ae) o (2

_In the above equation, the second term is the work done by the restormg moment
and the mtegranon is the area under AM,-A6 curve between 0 . max and 6 .

| mini
- Writing 40=6__ - Omini, K=P Cp/p; N and noting thathb Hb Lb’ from Equation -
27 one obtams | | .

o A _f AM, d (46) o

I Sl T S\ | -
L TRZpT T2 28)

* i -
Ly 'Hy St (0, - a0) |

If V' is considered as the d1men51onless volume of the ice ﬂoe, the above
*
equation relates the size of the floe and the yleldmg angle of the boomn. The

constant K may be obtained experimentally.

In the last section it has been shown that for a glven set of parameters,

there exists an . optimal fin angle o and a maximum boom angle 6 and

‘max max
based on them a AM, versus A8 curve can be calculated and plotted. Using the
) max value and the AM,-AB curve so obtained, a curve of V versus AG may be

evaluated and plotted according to Equation 28. Followmg the above route, Vi*

_31-



“versus Ae curves under dlfferent parametrlc condmons ‘were plotted as shown 1n

- ‘_"_Flgures 16 to 20.

In Flgure 16 are V Versus AG curves of dlfferent parametrlc L /Lb'

' 1y
' .values. From the curves one sees that a boom with a longer upstream protectlve..

} sectlon L will yield- less when hit: by an ice floe of certain 51ze than a boom with -

-a shorter L However, since a boom with a shorter L attalns a larger maximum-

y ‘ boom angle (see Figure 3), the final angle between the boom and the flow will be

about the same both for booms of large Lu values and boomsof small Lu values.

. The conclusions drawn thus is that although the upstream, unfinned section of a

boom may serve to protect the fins downstream from ice damages, it affects little

 the boom angle and the size of the ice ﬂoe that is deﬂected by the boom when the

boom ylelds to a certain angle. : N RN o
In Fi igure 17, Vl_ is plotted agalnst A® for dlfferent N values. From the

" curves one sees that the number of units of a boom has a great effect on the size

. of the ice floe that can be deflected by the boom for a g'iven Iy'ield angle. The

great effect of N on V can be easier apprec1ated if one notes that the latter 1s o
plotted on the loganthmlc scale. o L :_' e
- Figure 18 shows the V versus A© curves of different para'metricl. /l.
ratlos. ‘Since the curves crowd *together, it means that the gap width of the fm
' has llttle influence on the 51ze of the ice floe that can be deflected by the boom
~ for a given yield angle In fact, the lower positioning of the V -A6 curves of

hlgher Lg/L values means that a boom with a bigger fin gap w1ll even yield more

~ when hit by an ice floe of a given size. Since a wider fin gap increases sllghtly the

max1mum angle of the boom with the current (see Figure 5), the final angle of the
boom with the current therefore would be about the same when hit by an ice floe
of given size, regardless of the value of Lg In conclusion, one may say that the
i .ﬁn gap with Lg is not a critical de51gn criterion.

In Figure 19 are V versus AG curves of different A /A ratios. It is

. seen from the curves that the area of the fins affects the Vl' versus AO curves

- greatly, not that much on the angle of yleld when the boom is hit by a floe of
giVen size; in fact the yield angle is even larger for booms of larger fin areas, but
on the maximum boom angle which leads to a greater boom angle to shleld ‘the -
_area behind the boom. .
' In Figure 20 are Vl versus A© cur;/es of different Lf/]'b ratio., One sees

*
that these curves are similar to the curves in Figure 19. This, in fact, should be

-32-
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: vexpected because the curves in Flgure 20 are plotted for H / H 1 1o} L /L really
is a measure of A /A “The overlaymg of Figure 19.and 20, however, reveals that
“for curves of A /A less than umty, the curves in Figure 19 are to the right of the -

correspondmg curves in Figure 20 and for curves of A /Ab greater than unity, it is -

the other way around. This. means that for a given fin area, it is better to
increase the depth of the fm when A /Ab(l and to increase the length of the fin
~ when A /Ab>l. ' o A S )
It should be pointed out that the conclusxons reached above not only are.
valid for a single ice floe, but for a group of ice floes also provlde_d that the boom
-does not reach the minimum angle emin’l when the last floe of the group hits it. In
" other words, when dealing with a group of ice floes, Vl should be considered as
the 'co’mbined nondimensional volume of _the ice floes. ' ‘

27 Drag on the Boom -

Drag is produced by the current on the boom. For the deSlgn of shore_'.'

anchors and the selection of anchoring cables, one needs to know the drag on the -

B .boom, both the magnitude and the direction. , S e
| Drags are produced on the boom body itself and on the ims Following |
the convention adopted earlier, only the normal components of these drags are
‘considered. _ o e RN L
' The normal drag, or the drag produced by the normal component of the
'veloc1ty, on the boom body itself is given by (see Flgure 2).
1
b 2

N 2.2 22w o
D=3 chv Sin” 0By Ly + 5 Cp oV Sln»eHb_Lu )

‘where the first term on the right is the normal drag on the flnned part of the ’,
boom of N units and the second term is the normal drag on the upstream
protective section. By normallzmg the drag force according to '

S Db _ L
j_ [ZCD"V HbLb]l -
Equation 29 may be rewritten as
PR Y | |
D, = Sin“6 [N+ . (31)
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The total normal drag on the N fins can be shown to be (refer to

Figure 2)
N 2.2 o
Df = 5 CDpV Sin® (o + e)Hfo (32)
By normalizing D g on the same basis as Db’ one obtains
NH,L
D; = —T-_l——fL—-f- Sin? (o + ) (33)
* b b
For the coordinate system shown in Figure 2, the x components of Db
*
and D ¢ can be shown to be respectively
*
-D, Cos® and -D; Cos (a + 6)
* *
and the y components to be respectively
D, Sin® and D, Sin (a + 6)
* *
With the above force components,the total drag on the boom is seen to be
| 21
D, = {[Db Cos 6 + D; Cos (a+9)] + [Db Sin 6 + D; Sin (@+ e)] } 2
: * * * *
(34)
and the angle between the resultant drag and the direction of flow is given by
-D, Cos8-D, Cos(a+9)
_ 21 b, £y (35)
¢ = tan D, Sin® +D; Sin(a+6)J
* ] *

For practical purposes, only the case when the boom is deflected by the ,
current to the left will be discussed here; From Eq‘uation_s 31, 33, 34 and 35, one
sees that D, and ¢ are functions of N, 'Lu/Lb, Hf/Hb’ Lf/Lb’ 8 and a. Since it has
been shown earlier in Section 2.4, 8 is a function of the five other variables shown
above plus the variéble Lg/Lb, the plotting of D, and ¢ under different
parametric conditions therefore is possible. Because it has been shown that the
effect of Lg/Lb on the 8-a relationship is small, a typical value of Lg/Lb b=0.2,
say, may be used for the calculation of D, and 6 without loss of generality. From
Equation 33, it is seen that the influence of Hf/l-lb and Lf/Lb on Df* and,
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. consequently, on D and ¢, is in the form of Hf Lf/Hb b* Ther‘e’fore,'one may
vary the ‘value of the above parameters by. changlng L, / L only whlle malntalnlng
| H /H a constant, to be equal to unity, say. ' L e
o L Accordmg to the above dlscussmn, D and cb are calculated
-'and plotted under the followmg parametrlc condmons | B '

TABLE-Z . PARAMETERS FOR CALCULATINC‘ TOTAL DRAG

N2 % 6 8 10 120 15 200
sl e s e

'.L/L = 0.2
_H/H = 1.0

" In the above table, the underlined parametric vaiues are for the reference case.
| In the comparative study, the underlined values are used except for the parameter
which is being studied and which systematically changes its value‘accordi‘ngto the
_-table. The D, versus a and ¢ versus a curves are shown in Flgure 2l. In Flgure

21, the pomts that corresponded to O (or @ ) are noted for each curve.

'Figure 2la and b are plottl_ngs for boom,s of different number of units N. - |
It is seen from Figure 2la that the drag on the boom increases more or less
proportionally with the number of boom units used in the boom. It is important to
note that the drag on the boom progressively increases as the fins are gradually
"closed and the drag is not at its maximum when the boom makes the largest '
angle with the flow. From the plotting one sees that to avoid high stress on the
boom and on the anchoring structure, a boom should always be deployed with the
fins completely open and brought to the working position by gradually closing the
fins. R ' . : :
| Accordlng to the deflnltlon (see Figure 2), q> 1s the angle between the
drag force and the shore. It is seen from Figure 21b that at large fin angles ¢ is
negative, meamng the upstream end of the boom will ‘be pressing against the
shore. This, really, is desirable because it helps to seal the area behind the boom

from ice entrance, although the boom may need to be pushed off from the shore
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= for mmal fin closmg Comparlson of Flgure 21b w1th Flgure l& shows that when a

) boom is at the optlmal operational position, the angle between the drag and the
shore ¢ is less than the maximum boom ~angle 9 max" ‘The: anchorlng llne,
therefore, will make a smaller angle w1th the shore’ than that by the boom as is -
..deplcted in Figure 2, B T ’
Figure 21c and d show the magmtude and dlrectlon of the drag on booms
of different fin lengths. It is seen from Figure 2lc that the drag on the boom .
: lnereases' as. the fin length is increased. At the optlmal ‘boom. posmon, the
mcrease in D, again is more or less proportional to the increase in L /L
| Comparlng to the curves in Figure 21a, one sees that the curves in Flgure Zlc are
‘close to each other and D, is small at large fin angle, meaning that 1ncreasmg the
fin length does not significantly increase the drag on the boom at its initial

- deployment position. This is desirable because the initial deployment of the boom

- will not become more difficult because of the 1ncrease of the length of the fins.

‘ The curves on Figure 21d are similar to those on Flgure 21b except that
: they are very close to each other, especially the part below the a axis. Thus, one

sees that what has been discussed of Figure 21b will be equally valid for Figure B o

21d. The closeness of the curves at large fin angles means that the directlon of
the drag is insensitive to the length of the fin at large fin angles. | |
. Based on Figure 21, once the flow ‘velocity and the dimensions of the ice-
- oil boomn are known, one may design the anchormg struc:ture or mechamsm on the
shore. R '
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30 LABORATORY EXPERIMENT

After thoroughly studymg the dynamlc performance oi the 1ce—oxl boom
“in the precedmg part, the theoretical predxctlons should be verified by laboratory
_'experlments and the necessary desxgn coefficients should also be obtained from -

- the laboratory. However, because of the timing of fundlng, it was necessary 1o

" limit the laboratory testlng to. prellmlnary and proceed with the design of the field
“prototype boom based on the prellmlnary laboratorytestmg and theoretical
- conclusions. , ' : T B

- The more comprehenswe laboratory study of the 1ce-01l boom has- been
planned and will be conducted in the next few months. Detailed results of the

laboratory study will be reported in due time. Within the scope of this paper,_ L

S j however, only the prehmlnary laboratory experiment is reported.

. For the preliminary laboratory study, three model boom sectlons of the
- shape and dimensions as shown in Fxgure 22 were constructed. ‘The gap between- '»

| the fin and the boom could be ad]usted by slldmg the fin along the hinged wires.
The 45 openings were used to facilitate the deployment of the boom either from '

~ . the right bank or the left bank of the flow by simply flipping it over The fin

. angle was ad]usted individually by the length of the string that tied the fin to the

-~ boom. The three sections of boom were flexibly connected with flshlng tackles

and were towed in a towing tank. Plastic chips and wooden blocks lO cm x 10 cm
| x 5 e¢m (4"X4"X2") were placed in the towing tank before each run to simulate
spilled oil and ice blocks respectlvely For a few runs, large ice sheets measuring
- uptol.2mx L.2mx 2.5 cm (4'X4'X1") thick were used. Photographs and movies
~ were taken to record the experiments. Flgure 23 is a photograph_ showing the
- laboratory experiment. - |

The laboratory experiments showed that when being towed and w1th a fin
angle of about 90°, the boom as a whole would make an angle of about 40° with
the direction of tow. However, the angles made by the three 1nd1v1dual ‘boom.
sections were different. For the upstream section, the angle was the smallest at
about 35° and for the last section, the angle was the largest at about 45°, An
arch’ thus was formed by the three sections and the arch hindered .the free
_ movement of the simulated ice and oil. The arch was greatly reduced when the
second last fin was removed. Under such a situation, the simulated oil flowed
through the openings nicely and the boom smoothly gdid‘ed‘ the simulated ice

blocks to one side. However, when the boom was hit by a large ice pane, it would

_4.3_— .- B
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- deform to a certain degree and cause the ice pane to be .'c.'augvht» between two boom
"secnons for a short time. ‘The total swinging of the boom, as a consequence of
be1ng hit by the ice pane, was observed to be small compared to the orlgmal boom
angle of about 40°. - No attempt was made to test the boom ‘with the sections
rigidly connected. The tests were repeated at dlfferent towing speeds and the;‘
'speed ‘did not appear to affect the behaviour of the - boom. For all the
: 'experxments, the fin gap width was roughly maintained at L g/ L =0.25. :

From the prehmmary laboratory - experlments, the  feasibility of the
vproposed ice-oil boom was confirmed and decision was made to proceed with the
. desxgn, construction and field test of a prototype boom.
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40 FIELD EXPERIMENT

: 4.1 Design and Construction of Prototype BOOm-" e

Based on- theoretical investigations and the prehmmary laboratory

. _testxng, a prototype boom as shown in Figure 24 was desxgned.- It is seen from

- Figure 24 that each boom section consisted of two units of 3.05 m (10 feet) long
each. A total of six sections were constructed giving a total 'bo'om length of 36 59

‘m (120 feet). In Figure 24, the dimensions shown on the lines ‘were the de51gn E
~ dimensions and the figures shown in brackets were the dlmensmns of the boom‘

" sections as constructed.

Hard wood was 1nadvertently used to construct the boom 1nstead of the |
specxhed cedar. The heavy wood used, plus the construction dtscrepancy, ‘caused
the openings in the boom to be submerged below the water surface. To alleviate

" the problem, two inch thick styrofoam slabs were nailed to the bottom of the
boom. The styrofoam lifted the openings out of submergency for about 4 cm

“(1%") ‘but made the boom unstable and tilting. The stability was greatly 1mproved I

when the fins were extended out to provide the balance force. :
4.2 Field Test of Boom ’

The boom was tested in the Detroit River at Amhur‘stburg, Ontario in
‘March 1978. Figure 25 shows the test site and the- experimental layout. The
surface velocity of thé flow along I-1 and II-1 was measured with a current meter.
The veloc1ty measurement data are shown in Table 3. Because the measurements
were made from a boat, a - 210 percent error range appeared to be reasonable. The
- velocity distributions along I-I and Ii4II were also plotted on Figure 25. As a whole,
‘one can see from Table 3 and Figure 25 that the average surface veloc1ty at the
site was about 0.55 m/s (1.8 £t/s).

 Before the exercise, the boom sectlons and the ﬂns were stacked up
. besxde the bay. With a crew of four and the use of a mobile crane, a section could»
be fitted with the fins and placed in water in about 15 minutes and another half an
‘hour was needed to cable the boom section and the fins. With better engineering
design and an improved procedure, the deployment time can be greatly.reduced.
After the boom was assembled, it was towed by tug from the bay into the Detroit
R1ver and tied to a bollard on the pier for testmg '

C-w7o
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TABLE 3 ) : SURFACE VELQCITY OF CURRENT A'IV" TEST StTE._' o “

_‘D‘istan_ce fr_orn Shore " Velocity Along‘I:I_ - “ "_Veloc1ty Along I-11 -

m - ft . mfs . ftls mfs ﬁ/s':z‘
w57 15.0 040 1.3 S e L
9.15 3.0 058 L9 055 1.8
13.72  45.0 055 . 1.8 .. 055 .. 1.8
18.29  60.0 0.5 19 0.8 L9
22.87 - 75.0 0.55 - 1.8 0.4 21
S27.44  90.0 . 0.58 L9 0.8 LY
32,00 105.0 0.64 2.1 0.k 20

36,59 12000 055 L8 0.5 . - L3

~Limited testmg was fxrst conducted on the flex1bly connected boom. no

quxckly became evident that a ﬂex1ble boom would deform excessively when hit by
ice ﬂoes of relanvely large size. The testing, therefore, was concentrated on the -
' Arigidl):' connected boom. The boom was made rigid by hammering wooden pegs
" between the boom sections. The boom was very stable under working conditions,
even when hit by large ice floes, so the 1nsert1ng of wooden pegs was done after |
‘the boom was deployed. ‘ '

- During the experiment, the fin angles were measured with a protractor
by a team member working on the boom.  Another team member meas_ure_d the
surface current velocity at the midpoints_of each boom.. Two methods were used
~ to measure the boom angles. The first methodl was to measure the distances from
the shore to the upstream and downstream ends of the boom with strings, as
‘simultaneously as practicable, and then calculate the boom angle by trigonometry.
The second method was to measure the angles between the baseline andbthe line of
'sight to the upstream end and downstream ‘end of the boom from thetWO survey |
statlons shown in Figure 25 and then calculate the boom angle analytlcally. N

- To measure the total force on the boom, both the boom cable and the fin
cable were connected to a tension gauge as shown in Figure 25. The fin angle was
- changed by pulling the fin cable by hand by two men. '
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No attempt was made to record exactly the size of the ice floes and the :

'yleldmg angles of the boom when it was hit by the ice floes. However, durmg the .

tes_t per1od. when measurements were made, ice floes as large as 20 m x 20 m x (0.2 .

C.m thick 70 ft x 70 ft x 8 in)'by visual estimation have been encountered and the _'

measured - boom angles should reflect the working of the boom under such
conditions. Figure: 26 is-a picture showmg the boom under test condltlons and a
common large ice floe that drifted regularly down the river. S

To study the. passmg of oil slick through the openings and the deﬂectlon |

.of oil by the fins to the shore, Pplastic oil simulant was released upstream of the _

- boom from a tug. Figures 27 and 28 are two pxctures showmg the oil simulant

testing Figure 27 shows the passing- of the oil simulant through the openings and

 the simultaneous deflection of an ice floe by the boom. Figure 28 shows the

' "conveyancy of the oil simulant by the deflected surface current by the f1ns

‘towards the shore. Observations showed that only the 011 simulant caught between :

ice ﬂoes could not pass through the openings. This was remarkable con51der1ng

that the openings were not properly posmoned due to constructlon errors. The»'
~observations also showed that the deflected current had no problem in carrymg

~ - the oil simulant over more than 30 m (100 ft) to the shore.

4.3 Experxmental Results and their Comparxson w1th Theoretlcal Predlcuons .

. A total of 14 tests were conducted. The experimental results are
tabulated in Table 4. - I T
From Table 4 one sees that the presence of the boom ‘in the flow did not

significantly reduce the flow velocity, although it mlght have changed its
direction. The velocity was measured with a Price current meter wh1ch is non-
~ directional. _ o ' ' o

" From Table & one also sees that the connection of all fins by a single
cable gave room to the accumulation of error of the fin angle. For the tested
‘range of fin angles, more than 10° difference in fin angle between different fins
were not uncommon. This pointed‘ to the direction either the ﬁns should be
‘maneuvered individually or only a few of them should. be connected and
" maneuvered as a group. ' o

The boom angles measured with theodohtes and the boom  angles -
measured with string lengths under similar conditions were quxte close, as shown
in Table 4. This means that in future studies, either way may be -used dependmg
on experimental partxculars |
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‘Fig 27 Passing of oil through boom and simultaneous deflection

of - ic;é f_loe

Fig 28 Deflection of '0il to the shore by the fins
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Accordmg to Table 4 the boom angle 6 was plotted agamst the fm angle
a for the tested boom as shown in Figure 29, In Fxgure 29, the theoretxcal 6-a

o ‘curve for the prototype boom was also plotted. The parameters of the prototype

g ' boom, based on the -actual construction d1men51ons, were L /L =0, N=12,.
L /L =0.33, A /A =0.6 and L /L =0. 8 It may be pointed out that accordmg to
theoretlcal derxvatlons L is defmed as the distance from the upstream edge of

~ the fin to the centre llne of the boom and not as the gap length between the boom _

~ and the fin. In Figure 29, two enveloplng curves contalmng ‘the data pomts were
also drawn. _ : ' e
- It is seen from Figure 29 that w1th1n the reasonably expected expenmen-“ R

tal error range, the field experiment supported ‘the theoretical predlctlons ‘The

.data points scatter closely about the theoretical curve and- the two envelopmg
- curves are of similar shape to the theoretlcal curve. ' ‘

‘Should everything come mcely together, the upper envelopmg curve - ”

-should be more or less coincident with the theoretlcal curve. However, this is not.
~ the case and from Flgure 29.one sees that the upper envelopmg curve. m places is -
R -up to 5° above the theoretlcal curve. The 6 max values of the two curves are
 different by about 3.5°. Two things could have caused the above. The first was
_ that because of the tilting of the boom as a consequence of nailing styrofoam to
' 'the bottom of the boom, the fins. were immersed in water more than that in the
~ case when the boom floated squarely on the water. A greater drag, therefore, was
exerted by the flow to the fins than otherwise to cause the boom to swing more
into the flow. The second reason was that because the openings in the boom were
. - chamferred, the flow through them would have met less resistance ‘than when it
encountered the fins. In other words, the drag coefficient for the boom body
~ should be less than that for the fins. A greater drag coefficient for the fins than
for the boom means that the boor would swing more into the flow. ”
| Considering the upper enveloping cufve approximately as the ice free
~ curve of the prototype hoom, from Figure 29, one sees that the maximum yield
- angle of the boom during the experiment was about 9.5°. Presumabl)r this

- maximum yield angle took place when the boom was hit by the largest ice floe of

" 20mx20 mx0.2 m. _
‘ The theoretical relationship between the yield angle and the floe size for )
. the prototype boom was calculated and plotted as shown in Figure 30. It is seen

from Figure 29 that with a yield angle of 9. 5° the non-dxmensmnal size of the ice

ﬂoe that may be deflected is V =17,
*
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_ Knowmg V X the size of the 1ce ﬂoe can be calculated from the
: defmmon of V (see Equatlon 23) : : o :

oy o L At - ('.36);,
K in;th'_e above equation is defriri'ed as ) _
PSS

"~ While the exact values '_of the drag coefficient .C;D_and " the‘: COefﬁ'c.,ient of .\')ir?tLial -
mass n have yet to be evaluated from experiments planned for the near future, as
- an approximation, they are given the value of 2 and this leads to a K value of
~ “about unity. Using this K value and the values of t;=20 cm, H,=23 cm and L,=3.05
. 'm based on the field experiment, a floe size of 13.5 m x 13.5 m x 0.2 m is.

 calculated, ‘which is comparable to the largest observed ﬂoe 51ze of 20 mx 20 mx a

0.2 m estimated visually. _ Co _ o

Although a tensiometer was connected to the boom in the field
'experirhent mtendlng to measure the drag force, unfortunately; it malfunctioned
-':vand failed to measure the force. However, from manipulating the boom, it was
found that three men together could pull the boom and two men together could
- adjust. the fins. ' L
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50 CONCLUSIONS

Detailed theoretlcal study was made on the proposed 1ce 01l boom

. Guided by the theory, preliminary laboratory expenments were periormed Based )

" ‘on -the theory and the prehmmary laboratory ‘study, ‘a. prototype boom was
_constructed and field tested. The study demonstrated that an ice-oil boom can be
“built for satisfactory deployment on flowmg water 1nfested with ice ﬂoes for il

~ spill containment and recovery. R o o

| _ Further work is being conducted both in the laboratory and 1n the fleld to

obtaln the necessary design coefficients, to 1mprove the design, deployment and

B perforamcne of the boom, and to further compare the experlmental results w1th

e theoretlcal predictions.
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