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(57) ABSTRACT 

A method of repairing a slope-matched cable system that 
leaves the net chromatic dispersion of the system nominally 
unchanged comprises removing a portion of the slope 
matched cable system that is faulted, either the cable or a 
repeater, and constructing a replacement cable portion from 
tWo N-P cable lengths having negative dispersion ?bers and 
positive dispersion ?bers and a P cable length having 
positive dispersion ?bers. The N-P cable lengths are coupled 
on each side of the P cable length and the replacement cable 
portion is connected to the slope-matched cable Where the 
faulted cable Was removed. The method also accounts for 
the eXtra cable that necessarily has to be added during the 
repair and for the replacement of a faulted repeater. A cable 
repair can be made in a regular cable section or in a 
compensation cable section, in Which case the replacement 
cable portion can also include a repair repeater With LBOs 
to leave the gain shape of the transmission spectrum nomi 
nally unchanged and alloWs for replacement of a gain 
equalizer if one Was removed during the repair. Similarly, 
When a faulted repeater is removed the replacement portion 
can include a replacement repeater, as Well as a repair 
repeater, to leave the gain shape of the transmission spec 
trum nominally unchanged. 
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METHOD OF REPAIRING A SLOPE-MATCHED 
CABLE SYSTEM AND REPLACEMENT CABLE 

PORTION FOR USE THEREIN 

TECHNICAL FIELD 

[0001] The present invention relates to the repair of ?ber 
optic cable systems and more particularly, the repair of an 
undersea cable system that uses dispersion slope-matched 
cable. 

BACKGROUND INFORMATION 

[0002] A ?ber optic cable system is made up of cable 
containing optical ?bers and repeaters containing optical 
ampli?ers located periodically along the cable length. A 
?ber optic cable system can also include gain equalizers 
located periodically along the cable length. One important 
design parameter of such a system is chromatic dispersion, 
Which relates to the velocity With Which light at different 
Wavelengths travels along the optical ?bers. Dispersion as a 
function of system length needs to be managed if transmis 
sion performance of the system is to be optimized. One 
management method is to use sloped-matched cable, 
Wherein the net end-to-end dispersion of each ?ber path in 
the system is nominally constant across the transmission 
band and does not change With temperature. 

[0003] In a typical Dense Wavelength Division Multiplex 
(DWDM) undersea slope-matched cable system, the “regu 
lar” or “transmission” cable sections (“cable section” refers 
to cable betWeen adjacent repeaters) is made up of N-type 
and P-type ?bers. These N-type and P-type ?bers have large 
negative and positive dispersion rates (vs. distance), respec 
tively, but in such proportion as to achieve a nominally 
constant net dispersion (e.g., a rate of about —3 ps/nm-kmz). 
The dispersion match preferably holds closely as a function 
of both Wavelength and temperature. 

[0004] Referring to FIG. 1, one ?ber-pair makeup in a 
regular cable section 10 is shoWn With the thicker line 
representing the P-type ?ber 12 and the thinner line repre 
senting the N-type ?ber 14. Although one ?ber pair is 
shoWn, an actual section typically contains multiple ?ber 
pairs. In FIG. 1, optical signals are transmitted left to right 
in the upper ?ber path and right to left in the loWer ?ber path. 
The slope-matched cable section 10 includes a middle 
portion 16 containing all-P-type ?bers 12 and tWo end 
portions 18a, 18b containing both P-type and N-type ?bers 
12, 14. One eXample of the N-type ?ber is available from 
Lucent under the designation IDFX2. One eXample of the 
P-type ?ber is available from Lucent under the designation 
SLA. In the regular cable sections, the P-type ?bers 12 and 
N-type ?bers 14 are typically spliced together at the ?ber 
factory using bridge ?bers to minimize the net splice loss. 

[0005] In addition to regular cable sections, compensation 
cable sections (not shoWn) containing all-P-type ?bers can 
be used to manage the dispersion characteristic of the system 
appropriately. In one eXample of a slope-matched cable 
system, tWo or three “compensation” cable sections in 
tandem are used every 450-500 km along the system length. 
FIG. 2 shoWs a dispersion map for an ideal double-com 
pensating block length (using regular and compensation 
cable sections). 
[0006] System gain equalization, separate from that Which 
might be used in the repeater, in the form of, for eXample, 
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Gain Equalizer Joints (GEJ s), Which correct for gain tilt, and 
Shape Compensating Units (SCUs), Which correct for non 
?at gain shape, can be placed in their oWn housings and be 
located in the compensation cable sections. To properly 
manage system dispersion, some compensation cable sec 
tions can be signi?cantly shorter than regular cable sections 
and contain mid-section Loss Buildouts (LBOs). The LBOs 
are deliberately inserted amounts of optical attenuation in 
splice boXes to build out the loss to the cable section design 
value. Asplice boX is the main apparatus used to house ?ber 
splices in a cable-to-cable joint. 

[0007] Cable systems sometimes become faulted and must 
be repaired. Faults can occur in a portion of the cable or in 
a repeater connected to the cable. Referring to FIGS. 3-6, a 
repair operation to replace the faulted portion of an undersea 
cable 20 is described in greater detail. A typical undersea 
repair operation starts by cutting the cable 20 and retrieving 
What is eXpected to be the “good” end of the cable 20. 
Generally, the cable is engaged at a location B1 about a 
Water depth D aWay from the cut so that there is equal Weight 
on both sides during recovery (see FIG. 4). As a result, at 
least one Water depth length D of the original cable section 
is removed. More cable (e.g., up to a kilometer) can be 
removed because of Water ingress into the core cable struc 
ture from the cut end. After this cable is cleared, the end B1 
of the cable 20 is sealed and it is buoyed off (see FIG. 5). 
The other cable end A2 is then retrieved and another Water 
depth D or more length of the original cable 20 is removed. 
The fault is preferably in one of the lengths of cable 20 that 
Was removed. If not, more cable is recovered until the cable 
is cut beyond the fault. If a faulty repeater is to be replaced, 
cable is recovered until it is onboard the ship, Where it is cut 
out and replaced With a spare repeater. 

[0008] Spare cable is then joined to the “good” end of the 
cable 20. The length of the spare cable is preferably enough 
to replace the original cable that Was removed plus an 
additional length of typically 2 to 2.5 times the depth of 
Water so that the ?nal joint can be made before the cable 
bight is overboarded (see FIG. 6). For some eXisting broad 
band systems, it is prudent to insert an additional repeater, 
called a repair repeater, in the replacement cable to avoid a 
change in transmission gain shape (i.e., gain-tilt) that Would 
occur because of the added loss resulting from the repair. 
Based upon the repair operation discussed above, the mini 
mum amount of spare cable used during the repair (i.e., the 
replacement portion) is often 4.5 times the Water depth at the 
repair site. The replacement portion might even be longer if 
more cable is removed due to Water ingress into the other 
Wise good cable or not initially ?nding the fault in the 
recovered cable, or When a faulty repeater is retrieved. 

[0009] Repairing slope-matched cable systems can present 
dif?culties because the net end-to-end system dispersion 
folloWing a repair should preferably remain unchanged. 
Even if the replacement section uses the same cable type that 
Was removed, the added cable length Will signi?cantly 
unbalance the dispersion in both transmission directions. 

[0010] Accordingly, a method of repairing a slope 
matched cable system is needed that Will alloW the net 
end-to-end system dispersion folloWing the repair to remain 
nominally unchanged in both transmission directions, even 
When a repair is made in a compensation cable section. A 
method of repairing a slope-matched cable system is also 
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preferable such that it nominally leaves unchanged the gain 
tilt across the transmission spectrum. 

SUMMARY 

[0011] To address the needs mentioned above, a slope 
matched cable system is repaired using a replacement cable 
portion that leaves the net dispersion in the cable system 
nominally unchanged. In accordance With one aspect of the 
present invention, a method is used to repair a slope 
matched cable system including at least one N-type ?ber 
having a negative dispersion rate and at least one P-type 
?ber having a positive dispersion rate. The method com 
prises removing a faulted portion of the slope-matched cable 
system. First and second N-P cable lengths are provided 
from spare N-P cable including at least one N-type ?ber and 
at least one P-type ?ber. At least one all-P cable length is 
provided from spare P cable including at least ?rst and 
second P-type ?bers. A replacement cable portion is con 
structed from the N-P cable lengths and the all-P cable 
length, Wherein the N-P cable lengths are connected to each 
side of the P cable length. During the repair, the replacement 
cable portion is connected betWeen ends of the originally 
installed slope-matched cable Where the faulted portion Was 
removed. The method can also include connecting a repair 
repeater to one end of the replacement cable portion and/or 
connecting a replacement gain equalizer to the replacement 
cable portion When repairing a cable fault. The method 
includes connecting a replacement repeater to one end of the 
replacement cable portion and a repair repeater to the other 
end When repairing a repeater fault. 

[0012] According to another aspect of the present inven 
tion, a replacement cable portion comprises ?rst and second 
N-P cable lengths including half N-type ?bers and half 
P-type ?bers and at least one P cable length including 
all-P-type ?bers. The N-type ?bers have a negative disper 
sion rate and the P-type ?bers have a positive dispersion 
rate. A?rst splice boX connects the ?rst N-P cable length and 
the P cable length. The N-type ?bers in the ?rst N-P cable 
length are spliced to a ?rst half of the P-type ?bers in the P 
cable length. The P-type ?bers in the ?rst N-P cable length 
are spliced to a second half of the P-type ?bers in the P cable 
length. A second splice boX connects the ?rst N-P cable 
length and the P cable length. The N-type ?bers in the ?rst 
N-P cable length are spliced to the ?rst half of the P- type 
?bers in the P cable length. The P-type ?bers in the ?rst N-P 
cable length are spliced to the second half of the P-type 
?bers in the P cable length. The replacement cable portion 
is preferably designed such that the net dispersion and gain 
shape of each ?ber path in the system remains nominally 
unchanged When repaired With the replacement cable por 
tion. Gain shape is preferably maintained by including, in 
the replacement portion, a repair repeater (and a replacement 
repeater When needed) With suitable Loss Buildouts (LBOs). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] These and other features and advantages of the 
present invention Will be better understood by reading the 
folloWing detailed description, taken together With the draW 
ings Wherein: 

[0014] FIG. 1 is a schematic diagram of one ?ber pair in 
a regular cable section in a slope-matched cable system; 

[0015] FIG. 2 is an eXample of a nominal slope-matched 
dispersion map (dispersion vs. cable length) for a double 
compensating block With no cable repairs; 
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[0016] FIGS. 3-6 illustrate a typical undersea cable repair 
operation; 

[0017] FIG. 7 is a schematic diagram of a replacement 
cable portion, according to one embodiment of the present 
invention; 

[0018] FIG. 8 is a graph illustrating a net-zero dispersion 
change in one ?ber path of one embodiment of a cable 
section repaired according to the present invention; 

[0019] FIG. 9 is a schematic diagram illustrating the 
length of the N-type and P-type ?bers used in a replacement 
cable portion, according to one embodiment of the present 
invention; 

[0020] FIG. 10 is a schematic diagram of a replacement 
cable portion containing a repair repeater, according to 
another embodiment of the present invention; 

[0021] FIGS. 11-14 illustrate various repair scenarios of 
cable removal in a regular cable section; 

[0022] FIG. 15 is a schematic diagram of one embodiment 
of a repaired regular cable section With the repair in a portion 
having N-type and P-type ?bers; 

[0023] FIGS. 16-18 illustrate repair scenarios of cable 
removal in a compensation cable section; 

[0024] FIG. 19 is a schematic diagram of one embodiment 
of a repaired compensation cable section Without gain 
equalizers; 

[0025] FIG. 20 is a schematic diagram of another embodi 
ment of a repaired compensation cable section containing a 
gain equalizer; 

[0026] FIG. 21 is a schematic diagram of a replacement 
cable portion containing a replacement repeater and a repair 
repeater, according to a further embodiment of the present 
invention; 

[0027] FIGS. 22-25 illustrate repeater-replacement repair 
scenarios; and 

[0028] FIG. 26 is a schematic diagram of one embodiment 
of a repaired cable system including both a replacement 
repeater and a repair repeater. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] Referring to FIG. 7, one embodiment of a replace 
ment cable portion 30 used in the repair of a slope-matched 
cable system is shoWn. As described in greater detail beloW, 
the replacement cable portion 30 can be used to repair a 
regular cable section (containing both N-type and P-type 
?bers) or a compensation cable section (containing all-P 
type ?bers). The replacement cable portion 30 can also be 
used With or Without a repair repeater, a replacement 
repeater, gain equalizers such as Gain Equalizer Joints 
(GEJs) and Shape Compensating Units (SCUs), or other 
components. Although the exemplary method is for the 
repair of a slope-matched cable system in an undersea 
environment, the method and the replacement cable portion 
30 can also be used to repair a slope-matched cable system 
in other environments Where a signi?cant amount of eXtra 
cable must be added in a repair. 
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[0030] In general, the method of repairing a slope 
matched cable comprises the steps of removing a faulted 
portion of the slope-matched cable system, constructing a 
replacement cable portion, and connecting the replacement 
cable portion to the slope-matched cable system Where the 
faulted portion Was removed. The faulted portion of the 
cable system can include a fault in the cable or a fault in a 
repeater. The replacement cable portion is constructed from 
spare N-P cable and spare P cable and might also include a 
repair repeater, a replacement repeater, LBOs, and/or a 
replacement equaliZer unit. 

[0031] The replacement cable portion 30 includes ?rst and 
second N-P cable lengths 32a, 32b connected at each end of 
a P cable length 34. The N-P cable lengths 32a, 32b are 
preferably connected to the P cable length 34 using cable 
joints containing splice boXes 36a, 36b. The replacement 
cable portion 30 can also be connected betWeen the original 
cable sections (not shoWn) using splice boXes (not shoWn) at 
each end of the N-P cable lengths 32a, 32b. Cable jointing 
and ?ber splicing are knoWn to those skilled in the art, and 
eXisting joints and splice boXes can be used. 

[0032] The N-P cable lengths 32a, 32b are constructed 
from one type of spare cable containing half N-type ?bers 40 
having a negative dispersion rate and half P-type ?bers 42 
having a positive dispersion rate. The all-P cable length 34 
is constructed from another type of spare cable containing 
all-P-type ?bers 42. One eXample of the N-type ?ber 40 has 
a negative dispersion rate of nominally —40 ps/nm-km, such 
as the type available from Lucent under the designation 
IDFX2. One eXample of the P-type ?ber 42 has a positive 
dispersion rate of nominally 20 ps/nm-km, such as the type 
available from Lucent under the designation SLA. Although 
FIG. 7 shoWs only one pair of ?bers in each of the cable 
lengths 32a, 32b, 34, a typical cable Will have multiple ?ber 
pairs. Also, other dispersion rates are contemplated. 

[0033] The tWo types of spare cable (i.e., the N-P cable 
lengths 32a, 32b and the P cable length 34) are combined in 
proportions that Will leave the net nominal dispersion after 
the repair substantially unchanged, even When the repair is 
made in a compensation cable section. FIG. 8 shoWs the 
dispersion in an original ?ber path of a regular cable section 
compared to the dispersion in the repaired ?ber path of the 
repaired regular cable section. When the replacement cable 
portion 30 is used to repair a cable in a slope-matched 
system, the net dispersion of the repaired ?ber path can be 
made nominally equal to that of the original ?ber path. 

[0034] The lengths of the spare cables 32a, 32b, 34 used 
to construct the replacement cable portion 30 are calculated 
such that the dispersion of the overall slope-matched cable 
system is nominally unchanged When the repair is complete. 
One method of calculating these lengths is described in 
greater detail beloW. For purposes of the folloWing calcula 
tion, dispersion [in ps/nm] is denoted using A and dispersion 
rate vs. distance [in ps/(nm-km)] is denoted by using D. The 
term “dispersion” may be used herein for both concepts. The 
terms “Eastbound” and “Westbound” are used herein to 
differentiate the tWo directions of transmission and corre 
spondingly the tWo arrangements of ?ber found in a regular 
cable section. Eastbound and Westbound, as used herein, do 
not necessarily correspond to the compass directions. 

[0035] During a repair, the dispersion taken out of the 
system as a result of removing some of the original cable 
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section needs to be replaced and cable length must be added. 
After the original cable has been cut and the portion of the 
cable With the fault has been removed, the amount and type 
of original cable removed from the slope-matched cable 
system is determined. The lengths of the Eastbound-trans 
mitting ?bers that have been removed are de?ned as Xpe of 
P-type and XDe of N-type. Similarly, the lengths of West 
bound-transmitting ?bers that have been removed are 
de?ned as XPW of P-type and XDW of N-type. These ?bers are 
all in the same cable, so 

Xpe+Xne=XpW+XnW Eq. 1 

[0036] The length of eXtra cable added during the repair 
(in addition to replacing Xpe+Xne) is donated as 6. 

[0037] In the Eastbound direction, the amount of disper 
sion removed from the system, Which is the amount that 
should preferably be replaced, is 

AIe=Dp><Xpe+DnXne Eq. 2 

[0038] Where 

[0039] Dp=dispersion rate of P-type ?ber, and 

[0040] 
[0041] Referring to FIG. 9, the general con?guration of a 
?ber pair in the replacement cable portion 30 is shoWn With 
the P-type ?bers represented by the thicker line and the 
N-type ?bers represented by the thinner line. Let Ype be the 
length of P-type ?ber in the Eastbound direction in the total 
length of the replacement cable portion 30. Then 

Dn=dispersion rate of N-type ?ber. 

YPEDP+(Xp€+Xn€+6_Ype)Dn=AIe Eq. 3 

[0042] Combining Equations 2 and 3, 

[0043] The length of N-type ?ber in the Eastbound direc 
tion is then 

D E.5 

P16 ‘1 

[0044] If a similar analysis is carried out for the West 
bound direction, the length of P-type ?ber in the replacement 
cable portion 30 is 

[0045] and the length of N-type ?ber is 

Dp )6 Eq. 7 

[0046] As discussed above, the replacement cable portion 
30 includes three cable lengths 32a, 32b, 34 and four joints 
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are used to complete the repair (see FIG. 7). Based on the 
above Equations, one of the N-P spare cable lengths 32a is 
YnW long and the other of the N-P spare cable lengths 32b is 
YDe long. The P spare cable 34 has a length of (YPJYHW) 
Which is also equal to (YEW-Y“). 

[0047] Additional embodiments Will noW be described 
Where like or similar elements are identi?ed in the draWings 
With the same reference numerals. Another replacement 
cable portion 30‘, shoWn in FIG. 10, includes a repair 
repeater 50 connected at one end of one of the N-P cable 
lengths 32b. The repair repeater 50 is preferably used for 
deep-sea repairs in slope-matched cable systems to avoid 
large amounts of gain tilt that Would otherWise be intro 
duced, for example, as a result of adding ?ve or more dB of 
eXtra cable and splice losses. Although optical ampli?ers 
automatically compensate for added loss in a cable section 
by increasing the gain of adjacent repeaters, gain tilt is 
introduced When repeater input poWer is loWered (or raised) 
compared to the nominal system design value. This is 
particularly onerous for broader transmission bands. In a 
26-nm bandWidth, for example, gain tilt can be over half a 
dB for every dB of eXtra loss and the eXtra loss added in a 
slope-matched cable repair can be over 5 dB for a typical 
S-km repair depth. The added loss results from the added 
cable length (e.g., 2 to 2.5 Water depths), the relatively high 
attenuation of N-type ?bers, and the number of splices and 
high splice loss betWeen some ?ber types. The repair 
repeater 50 might not be required for certain repairs, for 
eXample, if a large value of LBO, installed during system 
assembly, is removed during the repair. 

[0048] The repair repeater 50 is coupled betWeen the N-P 
spare cable length 32b and the original cable 20 using splice 
boXes 52a, 52b. The addition of the repair repeater 50 
creates tWo cable sections Where one cable section eXisted 
prior to the repair. Although the loss of the tWo neW cable 
sections might not be able to be made equal to the nominal 
design loss for a cable section, the combined loss of the tWo 
neW cable sections, for each ?ber path, can preferably be 
made close to tWice the nominal design loss of a single cable 
section. To achieve the desired design loss, the splice boXes 
preferably include Line Buildouts (LBOs) and the LBO 
values can be chosen to accomplish the desired nominal 
design loss While minimiZing the difference betWeen the loss 
in the tWo sections, thus insuring that end-to-end gain shape 
of the system transmission spectrum Will remain nominally 
unchangead by the repair. One method of calculating the 
ideal LBO values is described in greater detail beloW. 

[0049] For purposes of describing the methods of repair in 
greater detail, the “Left” side of the cable section corre 
sponds to the remaining original cable section having loWer 
loss (usually shorter length) after the ends are recovered and 
the fault is cleared. The “Right” side refers to the other half 
of the remaining original cable section. The “Eastbound” 
transmission direction is from Left to Right and the “West 
bound” transmission direction is from Right to Left. 

[0050] Net losses are calculated for the original section 
and the replacement portion, and ideal LBO values are 
calculated for placement on either side of the repair repeater. 
The ideal LBO values are calculated for each direction of 
transmission, Eastbound (i.e., Left to Right in the ?gure) and 
Westbound (i.e., Right to Left in the ?gure). The equations 
for calculating ideal LBO values also assume that no fac 
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tory-installed LBOs are in the remaining portions of the 
original cable section being repaired. If LBOs have been 
factory installed and located in the original remaining Left 
and Right cable portions, they should preferably be included 
in the calculations. 

[0051] The equations for calculating ideal LBO values 
depend on the repair scenario. Four repair scenarios are 
considered in a regular cable section having a fault, depend 
ing upon a combination of the location of the initial cable cut 
and hoW much original cable is removed from the tWo sides 
of the cut. Three additional repair scenarios are considered 
in a compensation cable section having a fault, depending on 
Whether or not it contains a gain equaliZer (e.g., GEJs or 
SCUs) and Whether or not the gain equaliZer is initially 
removed as part of the repair. 

[0052] Referring to FIGS. 11-14, the four repair scenarios 
in a regular cable section are as folloWs: (1) all N-P cable 

repair (FIG. 11); (2) all-P cable repair (FIG. 12); (3) hybrid 
N-P and P cable repair (FIG. 13); and (4) removal of entire 
middle-P portion (FIG. 14). The loss calculations are not the 
same for these four repair scenarios because some splice 
losses vary among them. 

[0053] Referring to FIG. 15, the calculation of losses and 
ideal LBO values for the all N-P cable repair scenario is 
described in greater detail. FIG. 15 shoWs a completed all 
N-P repair including the splices associated With insertion of 
repair repeater splice boXes (With LBOs) 52a, 52b. In the 
eXemplary embodiment, the LBOs are made using LMF 
?ber. L and R represent the remaining lengths (km) of the 
original cable section on the Left and Right side, respec 
tively. Note that this is an all N-P repair because both of the 
joints from the original cable to the replacement portion (on 
the Left and Right) are all-N-P cable. The ?ber splice losses 
(in dB) are identi?ed as folloWs: Sp: P-to-P splice; Sn: 
N-to-N splice; Sn/p: N-P or P-N splice; Sp/L: P to LMF ?ber; 
Sn/L: N to LMF ?ber; and BNP original ?ber factory N-P 
splice made With a bridge ?ber betWeen them (splice loss 
value different than a direct shipboard N-P splice, Sn/p). 
Assuming no LBO losses but including the splice losses at 
the LBO ends, the repaired cable section losses are as 
folloWs 

[0054] Where OLP and otn are the attenuation of P and N 
?bers in dB/km and Lpe, LnW, Rpe, Rne, RnW and RPW are the 
lengths (km) of the Left-Eastbound P ?ber, Left-Westbound 
N ?ber, Right-Eastbound P ?ber, Right-Eastbound N-?ber, 
Right-Westbound N ?ber and Right-Westbound P ?ber 
paths, respectively. 

[0055] Accounting for the LBO losses at the input and 
output of the repair repeater 50, the total LBO loss values to 
be inserted in each direction of transmission is equal to the 
losses calculated from Equations 8 and 9 subtracted from 
tWice the nominal loss of a regular cable section, Which is 
de?ned as B (the nominal bulk loss of a cable section). This 
nominal bulk loss of a cable section can vary from system 
to system and is 10.46 dB in one eXample. HoW this total 
LBO loss (LBOT) should be distributed betWeen the Left 
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hand and Right hand LBOs in splice boxes 52a, 52b (LBOL 
and LBOR) can be determined by minimizing the difference 
in loss betWeen the neW cable sections on either side of the 
repair repeater 50. 

[0056] If LL and LR represent the loss of the tWo neW 
sections, one to the Left and one to the Right of the repair 
repeater, then the ideal LBO values are as folloWs: 

[0057] In some repairs, the value of either equation 10 or 
11 can be negative. When this happens, then Whichever LBO 
loss calculates to be negative is set to 0, and the other LBO 
takes the value of LBOT. This algorithm minimizes the 
difference in loss betWeen the neW cable sections on each 
side of the repair repeater 50 and maintains the total loss of 
the tWo neW sections equal to tWice the nominal design loss 
of a cable section. This same algorithm applies to all the 
remaining repair scenarios for both regular and compensa 
tion sections, as described beloW. 

[0058] For a hybrid repair (see FIG. 12), the losses of the 
repaired cable section (ignoring LBO losses) are calculated 
as folloWs: 

Eq. 10 

Eq. 11 

[0059] For this repair scenario, the loss calculation 
accounts for a factory bridged N-P splice, Which is removed 
in the Westbound direction. 

[0060] For an all-P repair (see FIG. 13), the losses of the 
repaired cable section (ignoring the LBO losses) are calcu 
lated as folloWs: 

[0061] These equations are slightly different than the 
comparable ones of hybrid and all-N/P repair because some 
of the splice losses at the interface betWeen the original and 
replacement portions are different. 

[0062] When the entire original P-portion is removed 
during the repair (see FIG. 14), the losses of the repaired 
cable section (ignoring the LBO losses) are calculated as 
folloWs: 

[0063] Referring to FIGS. 16-18, the three scenarios that 
can occur in an all compensation section repair are as 

folloWs: (1) no gain equalizer in the section (FIG. 16); (2) 
a gain equalizer in the section but not recovered during the 
repair (FIG. 17); and (3) a gain equalizer in the section and 
recovered during the repair (FIG. 18). The gain equalizers 
are possibly accompanied by LBOs in an adjacent splice 
boX. 

[0064] FIG. 19 shoWs a completed compensation cable 
section repair including the splices associated With the repair 
repeater LBOs in the splice boXes 52a, 52b When the faulted 
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section contains no gain equalizer. The repaired section 
losses are calculated as folloWs: 

[0065] Although this eXample does not include a gain 
equalizer installed in the original section, it is possible that 
a large value of LBO (e.g., greater than 4 dB) is near the 
middle of an otherWise all-P compensation cable section. If 
this LBO is recovered during the repair, it is possible that a 
repair repeater Will not be needed. According to one method 
of repair, such an LBO may be recovered, even if not 
otherWise necessary, to obviate the need for a repair repeater. 
When the calculated LBO values for each direction of 
transmission are Within a dB of the nominal repeater gain 
(equal to the nominal section design loss), then no repeater 
or LBO is needed. 

[0066] In a repaired compensation. cable section contain 
ing a gain equalizer that is not recovered, the difference from 
the no-gain-equalizer case above is that the effective ?at loss 
of the equalizer (possibly accompanied by an LBO in an 
adjacent splice boX) needs to be added to the Right-hand 
portion of the original section. In the equations beloW, the 
equalizer loss is represented by E dB, Which includes as Well 
as the gain equalizer loss, any additional factory-installed 
LBOs in a splice boX adjacent to the equalizer. The repaired 
cable section losses are calculated as folloWs: 

[0067] FIG. 20 shoWs a completed compensation cable 
section repair When the gain equalizer is recovered and 
replaced including the splices associated With insertion of 
repair repeater LBOs. If a gain equalizer is recovered in the 
faulted cable, the replacement cable portion of the repair 
includes a replacement equalizer unit 60 for the removed 
equalizer. The replacement equalizer unit 60 can either be a 
spare unit, or the recovered unit (but Without any accompa 
nying adjacent LBO) provided it is still serviceable. To 
minimize splice loss, the replacement equalizer unit 60 
should be joined into the system in the all-P length 34 of the 
replacement cable portion. In this repair, seven splice boXes 
are used to complete the repair (instead of the usual ?ve). 
The repaired section losses are calculated as folloWs 

[0068] The actual calculation of LBO values can be more 
complex in some cases, and the above equations may be 
modi?ed accordingly. For eXample, there is additional splice 
loss at each end of an LBO (e.g., Sp/L) When the LBO is 
inserted and this Was accounted for by including these splice 
losses (e.g., 2 SM) in the loss equations presented earlier, 
Equations 8 and 9, and Equations 12 through 23. HoWever, 
if no LBO value is called for on one side of the repair 
repeater, then the loss normally provided by the tWo LBO 
end splices (e.g., 2 SM) is no longer there either; rather there 
is the direct cable-to-cable splice at the repair repeater tail. 
In this situation, the value of the LBO on the other side of 
the repair repeater preferably accounts for the splice loss 
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differences that result. According to another variation of the 
calculation, the LBO loss can be set to Zero if the calculation 
of LBO loss using Equations 10 or 11 is less than the end 
splices losses corresponding to LBO insertion. 

[0069] Based upon the suspected location of the fault, the 
location of the initial cable cut is chosen similar to current 
undersea cable system repair practice. In the preferred 
method, the cable is recovered on What is eXpected to be the 
Left side of the cut to avoid having a repair repeater in the 
?nal bight. The cable can also be recovered on the Right 
side, depending upon the circumstances. The cable is then 
tested to determine if the cable is fault free. If not, additional 
cable is recovered until the fault is found and cleared. The 
end of this remaining cable section is then buoyed off. 

[0070] The other cable end is then recovered and the 
recovered cable is tested to determine if the cable is fault 
free. If not, additional cable can be recovered until the fault 
is found and cleared. Depending upon hoW much cable is 
recovered from each side of the cut, the initial designations 
of Left and Right might need to be reversed to be sure that 
the Left side is the one With loWer loss. 

[0071] At this point, the length of the original cable 
removed, the lengths of the original cable remaining on the 
Left and Right sides, and the depth of Water at the repair site 
are determinable. If necessary, optical time domain re?ec 
tometry (OTDR) readings can be used to determine these 
lengths. An OTDR is able to identify the locations Where N 
and P ?bers are spliced together. Based upon these values, 
the amount of eXtra cable needed for the repair is determined 
(e.g., about 2.5 times the Water depth). 

[0072] The lengths of the three pieces of spare cable 
making up the replacement cable portion are calculated, for 
eXample, using Equations 4-7. When a repair repeater is 
going to be used, the ideal LBO values for the Left and Right 
sides of the repair repeater are also calculated, for eXample, 
using Equations 8-23. Based upon the calculated ideal LBO 
values, the LBOs are selected from the available LBOs. 

[0073] The replacement cable portion is then constructed 
by connecting the N-P spare cable lengths 32a, 32b to the P 
spare cable length 34 using the splice boXes 36a, 36b. If 
needed, the repair repeater 50 is connected at the Right end 
of the replacement cable portion using the splice boX 52a 
(see FIG. 10). If the repair is in an all-P compensation 
section containing a gain equaliZer that Was recovered, the 
replacement gain equaliZer 60 is located in the all-P cable 
length of the replacement cable portion (see FIG. 20). The 
replacement cable portion is then joined to the Right side 
end of the remaining original cable section using a splice 
boX. The replacement cable portion is laid back to the buoy 
and the ?nal joint is made to the Left side of the remaining 
original cable section using a splice boX. 

[0074] According to another variation of the method, 
Where the ?nal joint Will be in N-P cable of a regular cable 
section, the N-P spare cable length 32a, Which Will be 
connected at the ?nal joint, is preferably made longer than 
the length calculated for Zero net dispersion change. If the 
recovery of the Left side of the remaining original cable 
section goes as planned, the eXtra length of the N-P spare 
cable length 32a can be removed before the ?nal joint is 
made. HoWever, if more of the remaining original cable has 
to be removed (e.g., if the buoy Were lost or the cables Were 
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damaged during recovery), the eXtra long N-P spare cable 
can be trimmed appropriately to provide the calculated 
length and additionally to replace the amount of remaining 
original N-P cable that Was lost during recovery. 

[0075] The repair method of the present invention can also 
be used to repair a slope-matched cable system in Which a 
fault occurs in a repeater connected to the cable. In this type 
of repair, a replacement repeater is used to replace the faulty 
repeater that Was recovered. The replacement repeater can 
be connected to one end of the replacement cable portion in 
a manner similar to the connection of the repair repeater, as 
described above. 

[0076] In one embodiment of the replacement cable por 
tion 30“, as shoWn in FIG. 21, the repair repeater 50 is 
placed at one end and the replacement repeater 70 is placed 
at the other end of the replacement cable portion 30. The 
replacement cable portion can also include a replacement 
repeater Without a repair repeater. In the preferred embodi 
ment, the repair repeater 50 is connected to the Left part of 
the original section in Which the loss is less than that on the 
Right part of the original section. LBO values are preferably 
chosen to maintain the loss of cable section 1 and cable 
section 3 generally as they Were before the repair, and the 
loss of the cable section 2 generally equal to the nominal 
design value of cable section loss, thus insuring that the 
end-to-end gain shape of the system transmission spectrum 
Will remain nominally unchanged by the repair. In some 
cases Where one or more of the calculated LBO loss values 

is negative, the total loss of the three sections, for each ?ber 
path, is preferably generally equal to the ideal total loss of 
the three sections. The equations for calculating ideal LBO 
values according to one method are described in greater 
detail beloW. 

[0077] When repairing a cable system having a faulty 
repeater, the equations for calculating ideal LBO values 
depend upon the repair scenario. With the repair discussed 
above, separate equations are derived for the tWo directions 
of transmission, left to right (“eastbound”) and right to left 
(“Westbound”), because splice loss values are ?ber-type 
dependent. Four repeater-replacement repair scenarios are 
considered depending upon What type of cable section is on 
either side of the repeater to be removed. Referring to FIGS. 
22-25., the four repeater-replacement repair scenarios are as 
folloWs: (1) removed repeater located betWeen tWo regular 
cable sections (FIG. 22); (2) removed repeater located 
betWeen tWo compensation cable sections (FIG. 23); (3) 
removed repeater With regular section on left and compen 
sating section on right (FIG. 24); and (4); removed repeater 
With compensation cable section on left and regular cable 
section on right (FIG. 25). The loss calculations described 
beloW are based on the assumption that the only cable type 
removed from a regular section is N-P cable and the assump 
tion that it is not necessary to recover an equaliZer in a 
compensation section. HoWever, this is not considered to be 
a limitation of the present invention. 

[0078] Referring to FIG. 26, the calculation of losses and 
ideal LBO values for scenario three is described in greater 
detail. FIG. 26 shoWs a completed repeater-replacement 
repair including the splices associated With insertion of 
.LBOs in the replacement portion associated With the 
replacement repeater 70 and the repair repeater 50 and 
including knoWn splice losses in the remaining original Left 
portion. Fiber splice losses (in dB) are de?ned above. 
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[0079] Assuming no LBO losses (but including the tWo 
splice losses need to install an LBO), the repair section 
losses are calculated as folloWs: 

[0080] Where (Xp and otn are the attenuation of P and N 
?bers in dB/km; ER represents the equivalent ?at loss of an 
equaliZer (GEJ or SCU), or a mid-section LBO, if any one 
of these Were located in the compensation section; and Lpe, 
Lne, LnW, LPW, Rpe and RPW are the lengths (km) of the 
Left-Eastbound-P, Left-Eastbound-N, Left-Westbound-N, 
Left-Westbound-P, Right-Eastbound-P, and Right-West 
bound-P ?ber paths respectively. 

Eq. 25 

[0081] For a repair in scenario tWo Where the replaced 
repeater has a compensation section on each side (see FIG. 
23), the post-repair losses for the three neW sections (ignor 
ing LBO losses) can be calculated as folloWs: 

[0082] Where EL and ER account for the equivalent ?at 
loss of an equaliZer or a mid-section LBO on the Left or 
Right, respectively, if any one of these Were located in either 
compensation section. 

[0083] For scenario one Where the replaced repeater has a 
regular cable section on each side (see FIG. 22), the 
post-repair losses for the three neW sections (ignoring the 
LBO losses) are calculated as folloWs: 

[0084] For scenario four Where the removed repeater has 
a compensation section on the Left and a regular section on 
the Right (see FIG. 25), the post-repair losses for the three 
sections (ignoring the LBO losses) are calculated as folloWs: 

[0085] In the eXemplary embodiment, there are three LBO 
values to be determined for each of the tWo added repeaters. 
The LBO values are preferably chosen to keep the net loss 
of each path in the three neW cable sections equal to the 
nominal cable section loss. For compensation sections, 
hoWever, it is preferable to build out these sections to their 
original section loss values because of the equaliZation 
functions provided by the compensation sections. Where the 
calculation results in a negative LBO value, the LBO can be 
set to Zero and another LBO value in the same path and 
direction can be readjusted such that the net loss for the three 
neW cable sections is the sum of the desired losses for the 
three sections. If an LBO value is Zero and no LBO is 
inserted, the removal of the splice losses accompanying the 
insertion of the LBO and the addition of the one direct splice 
is preferably accounted for in determining the correct LBO 
values. The above equations and calculations are exemplary 
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for one embodiment of the present invention and other 
equations and calculations can be used to implement the 
present invention. 

[0086] In the method of repairing a cable system having a 
faulty repeater, the lengths of spare cable used in the 
replacement cable portion are generally calculated in the 
same manner as repairing a cable system With a faulty cable, 
as described above. Also, the steps of cutting the original 
cable and connecting the replacement cable portion are 
generally the same as the repair method described above. 

[0087] In summary, the method of repairing a slope 
matched cable system, according to the present invention, 
alloWs the net end-to-end system dispersion folloWing the 
repair to remain nominally unchanged in both transmission 
directions, even When a repair is made in a compensation 
cable section, and establishes losses in the neWly created 
cable sections such that the end-to-end gain shape of the 
transmission spectrum of the system in nominally 
unchanged. 
[0088] Modi?cations and substitutions by one of ordinary 
skill in the art are considered to be Within the scope of the 
present invention, Which is not to be limited eXcept by the 
folloWing claims. 

The invention claimed is: 
1. A method of repairing a slope-matched cable system 

including at least one N-type ?ber having a negative dis 
persion rate and at least one P-type ?ber having a positive 
dispersion rate, said method comprising the steps of: 

removing a faulted portion of said slope-matched cable 
system; 

providing ?rst and second N-P cable lengths from spare 
N-P cable including at least one N-type ?ber and at 
least one P-type ?ber; 

providing at least one all-P cable length from spare P 
cable including at least ?rst and second P-type ?bers; 

constructing a replacement cable portion from said N-P 
cable lengths and said P cable length, Wherein said N-P 
cable lengths are connected to each side of said P cable 
length; and 

connecting said replacement cable portion betWeen ends 
of said slope-matched cable system Where the faulted 
portion Was removed. 

2. The method of claim 1 Wherein said faulted portion 
includes a faulty cable portion. 

3. The method of claim 1 Wherein said faulted portion 
includes a faulty repeater, and further comprising connecting 
a replacement repeater to one end of said replacement cable 
portion. 

4. The method of claim 1 Wherein said N-P cable lengths 
are connected to each side of said P cable length by splicing 
said ?bers. 

5. The method of claim 1 Wherein the step of providing 
said ?rst and second N-P cable lengths and said P cable 
length includes the step of calculating lengths of said spare 
N-P cable and said P cable. 

6. The method of claim 5 Wherein said lengths of said 
spare N-P cable and said spare P cable are calculated based 
on dispersion rates of said N-type ?ber and said P-type ?ber. 



US 2004/0156605 A1 

7. The method of claim 1 wherein said N-P cable lengths 
include half N-type ?bers and half P-type ?bers, and 
Wherein said P cable length includes all-P-type ?bers. 

8. The method of claim 7 Wherein the step of constructing 
said replacement cable portion includes the steps of: 

splicing said N-type ?bers in said ?rst N-P cable length to 
a ?rst half of said P-type ?bers in said P cable length; 

splicing said N-type ?bers in said second N-P cable length 
to said ?rst half of said ?rst P-type ?ber in said P cable 
length; 

splicing said P-type ?bers in said ?rst N-P cable length to 
a second half of said P-type ?bers in said P cable 
length; and 

splicing said P-type ?bers in said second N-P cable length 
to said second half of said P-type ?bers in said P cable 
length. 

9. The method of claim 8 Wherein said N-P cable lengths 
are connected to said P cable length and splices are made 
using splice boxes. 

10. The method of claim 1 further comprising the step of 
connecting a repair repeater to one end of said replacement 
cable portion. 

11. The method of claim 10 further comprising the step of 
connecting splice boXes on each side of said repair repeater. 

12. The method of claim 11 Wherein said splice boXes 
include loss buildouts. 

13. The method of claim 12 further comprising the step of 
calculating loss buildout values. 

14. The method of claim 13 Wherein said loss buildout 
values are calculated such that end-to-end gain shape of the 
transmission spectrum of the system is nominally unchanged 
by the repair. 

15. The method of claim 1 further comprising the step of 
connecting a gain equaliZer to said replacement cable por 
tion. 

16. The method of claim 15 Wherein said at least one all-P 
cable length includes tWo all-P parts and said gain equaliZer 
is connected betWeen said tWo all-P parts. 

17. The method of claim 3 further comprising the step of 
connecting a repair repeater to another end of said replace 
ment cable portion. 

18. A replacement cable portion for use in a slope 
matched cable system, said replacement cable portion com 
prising: 

?rst and second N-P cable lengths including half N-type 
?bers and half P-type ?bers, Wherein said N-type ?bers 
have a negative dispersion rate and said P-type ?bers 
have a positive dispersion rate; 

at least one P cable length including all-P-type ?bers; 

a ?rst splice boX connecting said ?rst N-P cable length 
and said P cable length, Wherein said N-type ?bers in 
said ?rst N-P cable length are spliced to a ?rst half of 
said P-type ?bers in said P cable length, and Wherein 
said P-type ?bers in said ?rst N-P cable length are 
spliced to a second half of said P-type ?bers in said P 
cable length; 

a second splice boX connecting said ?rst N-P cable length 
and said P cable length, Wherein said N-type ?bers in 
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said ?rst N-P cable length are spliced to said ?rst half 
of said P-type ?bers in said P cable length, and Wherein 
said P-type ?bers in said ?rst N-P cable length are 
spliced to said second half of said P-type ?bers in said 
P cable length; and 

Wherein said ?rst and second N-P cable lengths and said 
P cable length are selected such that a net dispersion in 
said slope-matched cable system remains nominally 
unchanged When repaired With said replacement cable 
portion. 

19. The replacement cable portion of claim 18 Wherein 
lengths of said N-P cable lengths and said P cable length are 
calculated based on dispersion rates of said N-type ?ber and 
said P-type ?bers. 

20. The replacement cable portion of claim 18 further 
comprising a repair repeater coupled to one of said N-P cable 
lengths. 

21. The replacement cable portion of claim 20 further 
comprising splice boXes coupled to said repair repeater on 
each side of said repair repeater. 

22. The replacement cable portion of claim 21 Wherein 
said splice boXes coupled to said repair repeater include loss 
buildouts. 

23. The replacement cable portion of claim 22 Wherein 
said loss buildouts have values such that an end-to-end gain 
shape of a transmission spectrum of the system is nominally 
unchanged by the repair. 

24. The replacement cable portion of claim 18 further 
comprising a gain equaliZer coupled to said at least one P 
cable length. 

25. The replacement cable portion of claim 24 Wherein 
said at least one P cable length includes tWo P parts, and said 
gain equaliZer is coupled betWeen said P parts. 

26. The replacement cable portion of claim 18 further 
comprising a replacement repeater coupled to one of said 
N-P cable lengths. 

27. The replacement cable portion of claim 20 further 
comprising a replacement repeater coupled to the other of 
said N-P cable lengths. 

28. A method of constructing a replacement cable portion, 
for use in repairing a slope-matched cable system compris 
ing the steps of: 

connecting ?rst and second N-P cable lengths to each side 
of a P cable length, Wherein said N-P cable lengths 
include half N-type ?bers having a negative dispersion 
rate and half P-type ?bers having a positive dispersion 
rate, and Wherein said P cable length includes all P-type 
?bers, Wherein said ?rst and second N-P cable lengths 
and said P cable length are selected such that a net 
dispersion in said slope-matched cable system remains 
nominally unchanged When repaired With said replace 
ment cable portion; and 

connecting a repeater to one of said N-P cable lengths. 
29. The method of claim 28 Wherein said repeater is 

selected such that an end-to-end gain shape of a transmission 
spectrum of the system is nominally unchanged by the 
repair. 


