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The successful functioning of the Local Protection Works is not 
assured solely by construction of a system of floodwalls, slope protec­
tion, bottom grading, and other appurtenant structures. The system, to 
perform the functions for which it was designed, must be carefully 
maintained during periods of normal river stages and properly operated 
during flood periods. 

The need for proper maintenance cannot be too highly stressed in view 
of the fact that large damages may be incurred through operating failure 
of a critical element in flood time, caused by deterioration or damage 
that would have been eliminated by proper maintenance. 

Necessary maintenance and proper operation require that responsible 
local persons have a thorough understanding of the functions of the vari­
ous units of the system and the recommended methods of maintaining the 
system. It is the purpose of this manual to provide complete information 
so that all parties may fully understand their responsibilities in main­
taining and operating the flood protection system in accordance with the 
regulations prescribed by the Secretary of the Army as amplified by this 
manual. 

The general flood control Regulations for Maintenance and Operation 
of Flood Control Works quoted herein were approved by the Acting Secretary 
of War on 9 August 1944. Upon establishment of the Department of Defense, 
the improvement of rivers and harbors and other waterways for flood con­
trol and other purposes, formerly under the jurisdiction of the Secretary 
of War, became the responsibility of the Secretary of the Army. Reference 
therein to the Secretary of War and War Department shall be construed to 
mean respectively, the Secretary of the Army and the Department of the 
Army. Where reference is made to the District Engineer in the Regulations 
included in this manual, it shall be construed to mean the Division 
Engineer, New England Division, Corps of Engineers. 
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SECTION I. INTRODUCTION 

1-01. Authorization - A comprehensive plan for development of water 
resources of the North Nashua River Basin, a principal tributary of the 
Merrimack River, was authorized by the 1966 Flood Control Act substan­
tially in accordance with Senate Document 113, 89th Congress. The plan 
provides for a coordinated system of reservoirs and local protection 
projects for flood protection, water supply, recreation and allied 
purposes. 

Restoration of the North Nashua River Local Protection Project was 
specifically authorized under Title II, Section 203 of the 1966 Flood 
Control Act in accordance with the recommendations of the Chief of 
Engineers in Senate Document Numbered 113, 89th Congress. 

1-02. Location - The Channel Rehabilitation Project is located on the 
North Nashua River within the limits of the city of Fitchburg, Massa­
chusetts. The project consists of twenty-three (23) miscellaneous work 
items which commence at river station 347+00 and extend to river station 
580+00+. The project work sites are within the developed and built-up 
area of the city and are in most instances in confined areas. Stations 
are noted on the drawings included in Appendix E. 

1-03. Dates of Construction - The original protective works at Fitchburg 
was constructed in 1937. The project extends along 4.4 miles of the North 
Nashua River from Cowees Mill Dam (since removed) upstream of Oak Hill 
Road, and continuing downstream to the Fitchburg-Leominster Airport on 
Falulah Road just above the Leominster town line. At several places earth 
banks were protected with concrete crib walls. At other locations the 
riverbed and toes of the banks were protected against scour by emplacement 
of grouted riprap. The work included channel enlargement, relocation of 
the outlet of Punch Brook, and removal of several abandoned dams. 

In 1955, under the disaster relief authority of Public Law 875, B1st 
Congress, as amended, the Corps of Engineers restored the channel in some 
areas to its preflood condition, but no permanent improvements could be 
made under this authority. Gravel deposits and debris were removed from 
the streambed and washed out river bank slopes were filled, but no repairs 
were made to deteriorated concrete cribbing at nine individually 
identified work areas. 

Construction of the channel Rehabilitation Project commenced in July 
1979 and was completed in May 1981. The project consisted of restoring 
the existing protective works to its original 1937 capacity. The project 
was constructed by Shah Construction C~mpany of Wakefield, Massachusetts. 

1-04. Description of Project. 

a. General. The completed rehabilitation project consists of 
miscellaneous items of work at approximately 23 locations within the five 
mile reach of the river. 
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b. Erosion Protection. New slope protection has been provided 
where the existing slopes were unstable and erosion had taken place. 
Broken boulders, excess stone, and granite deposits were removed from the 
riverbed to provide for restored channel capacity. New riprap was placed 
where the existing stone protection had been damaged. 

c. Walls. Walls which had been damaged or destroyed were restored 
to their original condition or replaced by an alternate form of 
protection. Debris caused by the deteriorating walls was removed. 

d. Bridge Pier Removal. Two midstream bridge piers upstream from 
the Fifth Street Bridge were removed. The bridge abutment on the north 
riverbank was retained and the upper two courses of granite block were 
grouted for safety. 

e. Dam Removal. The Syphon Dam, located between the Falulah Road 
Bridge and the Bemis Road Bridge which had been partially washed out was 
totally removed. Rock slope protection was placed on both adjacent river­
bank areas downstream of the Syphon Dam location. 

1-05. Protection Provided. The rehabilitation project essentially 
restores the existing flood protective works to its original 1937 condi­
tion and again assures a channel capacity of 9,000 cubic feet per second 
for stream flow. 

1-06. Location Hap. Location maps showing all areas of rehabilitation 
are included in Appendix E. 
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SECTION II. LOCAL COOPERATION REQUIREMENTS 

2-01. Flood Control Acts. The authorizing legislation for the Fitchburg 
Local Protection Project was the Flood Control Act of 1966, Public Law 89-'-
789. 

"a) Provide, without cost to the United States, all lands, ease­
ments, and rights-of-way necessary for the construction of the projects; 
provide necessary relocations and alterations to highways, roads, and 
highway bridges; relocate all utilities; and construct interior drainage 
ditches. 

"b) Hold and save the United States free from damages due to the 
construction, operation, and maintenance of the project except damages due 
to the fault of the United States or its Contractors. 

"c) Maintain and operate the project after completion in accordance 
with regulations prescribed by the Secretary of the Army. 

"d) Prevent encroachments on the improved channels. 

"e. Comply with requirements of non-Federal cooperation specified in 
Sections 210 and 305 of the Public Law 91-646, approved 2 January 1971, 
entitled the "Uniform Relocation Assistance and Real Property Acquisition 
Policies Act of 1970." 

2-02. A copy of local assurances is given in Appendix C of this manual. 
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SECTION III. - GENERAL REGULATIONS 

3-01. Purpose of this Manual. The purpose of this Manual is to present 
detailed information to be used as a guide in complying with "Flood 
Control Regulations - Maintenance and Operation of Flood Control Works" as 
approved by the Acting Secretary of War on 9 August 1944, and published in 
Appendix A of this Manual. 

The regulations, intended to cover all local protection projects 
constructed by the Department of the Army throughout the United States, 
are general in nature and obviously cannot give detailed instructions for 
the maintenance and operation of a specific project. The details set 
forth in this Manual for maintenance and operation of the Fitchburg 
project are intended to supplement the Regulations to insure maximum 
protection against floods for which the project was designed. Failure to 
maintain and operate the project as required by the Regulations and as 
detailed herein can result in loss of life, severe property losses, and 
irreparable loss of confidence in the flood protection system by citizens 
who have invested their funds on the basis of the protection afforded by 
the flood control works. 

Included in the authorization of the project are conditions specified 
by the Secretary of the Army to be met by local interests. One of these 
conditions is the Operation and Maintenance of the project after its 
completion. Under Assurances dated 25 April 1979 furnished to the 
Government by the Commonwealth of Massachusetts and by the city of 
Fitchburg to the Commonwealth, the city of Fitchburg has agreed to meet 
these conditions and in particular, to operate and maintain the project 
after its completion. Copies of the above assurances are included in 
Appendix C of this Manual. 

3-02. r~nera1 Rules and Regulations. Paragraph 208.10 (a) of the 
regulations prescribed by the Secretary of War gives general rules for the 
maintenance and operation of structures and facilities constructed by the 
United States for local flood protection. Applicable portions are quoted 
below to avoid the necessity for cross reference and are further defined 
by remarks under each quotation. 

"(1) The structures and facilities constructed by the United States 
for local flood protection shall be continuously maintained in such a 
manner and operated at such times and for periods as may be necessary to 
obtain the maximum benefits." 

These requirements cannot be overstressed, and city authorities must 
make adequate provisions for funds, personnel, equipment, and materials to 
allow for the proper maintenance and operation of the flood protective 
works. 
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"(2) The State, political subdivision thereof, or other responS1ole 
local agency, which furnished assurance that it will maintain and operate 
flood control works in accordance with regulations prescribed by the 
Secretary of War, as required by law, shall appoint a permanent committee­
consisting of or headed by an official hereinafter called the 'Superin­
tendent', who shall be responsible for the development and maintenance of, 
and directly in charge of, an organization responsible for the efficient 
operation and maintenance of all of the structures and facilities during 
flood periods and for continuous inspection and maintenance of the project 
works during the periods of low water, all without cost to the United 
States." 

The committee shall be composed of competent members, preferably 
experienced in engineering and construction work of a nature similar to 
the flood protection works. The committee must be given broad authority 
to carry out its responsibilities. The name, address, and office and home 
telephone numbers of the Superintendent, and any changes thereof, shall be 
promptly furnished the Division Engineer, U. S. Army Corps of Engineers, 
New England Division, Waltham, Massachusetts 02254, Attn: Project 
Operations Branch. 

"(3) A reserve supply of materials needed during a flood emergency 
shall be kept on hand at all times." 

"(4) No encroachment or trespass which will adversely affect the 
efficient operation or maintenance of the project works shall be permitted 
upon the rights-of-way for the protective facilities." 

The disposal of rubbish, erection of fences, or barriers, the 
painting or erection of signs, the attachment of clotheslines to flood­
walls, or any form of trespassing on the project shall be prohibited. 

"(5) No improvement shall be passed over, under, or through the 
walls, dikes, improved channels or floodways, nor shall any excavation or 
construction be permitted within the limits of the project right-of-way, 
nor shall any change be made in any feature of the works without prior 
determination by the District Engineer of the War Department or his 
authorized representative that such improvement, excavation, construction 
or alteration will not adversely affect the functioning of the protective 
facilities. Such improvements or alterations as may be found to be 
desirable and permissable under the above determination shall be construc­
ted in accordance with standard engineering practice. Advice regarding 
the effect of proposed improvements or alterations on the functioning of 
the project and information concerning methods of construction acceptable 
under standard engineering practice shall be obtained from the District 
Engineer or, if otherwise obtained, shall be submitted for his approval. 
Drawings or prints showing such improvements or alterations as finally 
constructed shall be furnished the Dlstrict Engineer after completion of 
the work." 
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Any contemplated improvements or alterations as outlined above must 
be submitted to the Corps of Engineers, Waltham, Massachusetts, and the 
approval of the Division Engineer obtained prior to the city authorizing 
the work. All requests for approval shall be in writing and complete 
drawings in duplicate, one set of which shall be in reproducible form, 
must be submitted along with a full description of the work intended. The 
city will be held responsible for obtaining prior approval from the Corps 
of Engineers for any improvements or alterations proposed by itself, 
private parties or any public parties. The city shall furnish the 
Division Engineer as-built drawings, in duplicate, of the completed work. 

"(6) It shall be the duty of the Superintendent to submit a semi­
annual report to the District Engineer covering inspection, maintenance 
and operation of the protective works." 

See paragraph 3-05 for instruction on submitting reports. 

"(7) The District Engineer or his authorized representatives shall 
have access at all times to all portions of the protective works." 

The Division Engineer or his representatives will make periodic 
inspections of the protective works to determine if the project is being 
properly maintained and operated by the city. "Follow-up" inspections, 
when necessary, will be made to determine if deficiencies observed during 
the inspection have been corrected. A report with the results of each 
inspection will be furnished to the city for appropriate action. 

"(8) Maintenance measures or repairs which the District Engineer 
deems necessary shall be promptly taken or made." 

The city should maintain the facilities and keep them in good repair 
and not wait for the Division Engineer to call such matters to its atten­
tion. Upon request, the Division Office will advise the city how to make 
any major repairs to the facilities. This is expressly applicable to the 
maintenance and repair of concrete work throughout the project. 

"(9) Appropriate measures shall be taken by local authorities to 
insure that the activiites of all local organizations operating public or 
private facilities connected with the protective works are coordinated 
with those of the Superintendent's organization during flood periods." 

The city should formulate plans and negotiate agreements with local 
organizations and companies, who are operating facilities connected ,with 
the protective works, to insure that their activities will be properly 
coordinated with the Superintendent's organization during flood periods. 

"(10) The War Department will furnish local interests with an 
Operation and Maintenance Manual for each ~completed project or separate 
useful part thereof, to assist them in carrying out their obligations 
under these regulations." 
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The flood control committee should familiarize itself with the 
contents of this manual. The city authorities are encouraged to calIon 
the Division Office of the Corps of Engineers for any additional advice o~_ 
instructions required by them in carrying out the city's obligations for 
maintaining and operating the flood protection facilities. 

3-03. Maintenance 

a. The word "maintenance" as used in this manual applies to the 
upkeep, repair and care of the work constructed by the United States and 
turned over to the city. If the work is neglected there will be deterior­
ation and possible failure in flood time when there is dire need of 
dependable protection. 

b. Satisfactory and dependable operation depends on constant main­
tenance. The organization that performs maintenance must be familiar with 
various parts of the system and be in a position to use them effectively 
in time of stress. 

c. Maintenance includes regular inspection of the entire system. 
The purpose of an inspection is to detect any deterioration or faulty 
operation that indicates a need for repair or replacement. This does not 
mean a casual automobile trip to places easily accessible but actually 
walking over every part of the system. 

3-04. Operation 

a. Operation in this manual refers to the actual use of the various 
features of the protection works during flood periods. It is intended 
that the procedure outlined herein will be sufficient to insure protection 
from floods to the design stage. 

b. When abnormal river flows and stages are expected, it is impor­
tant that the Superintendent make immediate decisions and take prompt 
action and that he have the authority to carry out his decisions. 

c. To insure correct operation, it is essential that at least one 
person (preferably two people) be familiar with all phases of the flood 
protection works, and know what supplies and transport are on hand and 
what manpower and tools can be mobilized for the patrolling and repair 
work. 

d. Representatives of the Division Engineer, Corps of Engineers 
stand ready to assist the city in the operation of the project. Advice 
relative to surveillance during storm periods may be obtained at any time 
from the Reservoir Control Center of the Corps of Engineers (telephone 
617-894-2400, extension 627 or 617-89~-2414 during non duty hours). 
However, sole responsibility for the operation of the project rests with 
the city. 
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3-05. .Reports 

a. Inspection and Reports. The regulations prescribed by the 
Secretary of the Army call for semi-annual reports to be submitted by the 
Superintendent to the Division Engineer, covering inspection and main­
tenance. Inspection of the flood protective facilities shall be made 
immediately prior to flood seasons, immediately following floods, and 
otherwise at intervals not exceeding 90 days as required by the 
regulations. 

b. To assist the Superintendent in making his inspection and 
reports, a sample check list (NED Form 513) is included in Appendix D. 
The Superintendent shall have additional copies printed for use in sub­
mitting his reports. Items on Form 513 not applicable to Fitchburg are 
noted N/A thereon. 

c. The semi-annual reports should be submitted on NED Form 513 in 
triplicate each February and August to the Division Engineer, Attn: 
Project Operations Branch, Operations Division, U. S. Army Corps of 
Engineers, New England Division, 424 Trapelo Road, Waltham, Massachu­
setts 02254. The report will be submitted in letter form with copies of 
the inspection forms covering the inspections made during the period of 
the report. The reports shall cover the following points: 

(1) A description of the maintenance work performed in the 
preceding six months. 

(2) The number and classification of men working on maintenance, 
regularly and intermittently. 

(3) Description of any work performed by contract on the repair or 
improvement of the project. 

(4) Description of use or operation of the system during the 
period being reported. 

(5) Suggestions relative to public cooperation and comments 
concerning public sentiment on the protection obtained are considered 
pertinent and desirable data for inclusion in the project report, but such 
data are not required. 

d. The report form "Designation of Superintendent" shall be 
submitted annually with the February inspection report. A sample copy is 
included in Appendix D. 

8 



SECTION IV MAINTENANCE OF IMPROVEMENTS 

4-01. Description - The channel rehabilitation consists of 23 areas of. 
construction along a 4.4 mile reach of the North Nashua River, designed to 
restore the channel to its original 1937 condition. 

4-02. Maintenance - Paragraph 208.10(g)(1) of the prescribed regulations 
sets forth rules for the maintenance of channels and floodways. These 
rules are quoted below, followed by brief comments on the particular 
applicability of these rules to the project. 

Channels and Floodways - (1) Maintenance - Periodic inspection of 
improved channels and floodways shall be made by the Superintendent to be 
certain that: 

"(i) the channel or floodway is clear of debris, weeds, and wild 
growth;" 

All debris and growth which tend to restrict the channel shall be 
removed promptly. All stone protection shall be kept free of all 
vegetation growth. 

"(ii) The channel or floodway is not being restricted by the 
depositing of waste materials, building of unauthorized structures or 
other encroachments;" 

Dumping of waste materials or any types of encroachnment on the 
channel shall be prohibited and prompt steps shall be taken to remove or 
have removed any such encroachments. 

"(iii) The capacity of the channel or floodway is not being 
reduced by the formation of shoals;" 

Shoal areas should be removed but care should be exercised that stone 
protection is not displaced and that the slopes of the channel and 
existing banks are not undercut. Existence of shoal areas will be 
apparent from inspections during time of low flow. 

"(iv) Banks are not being damaged by rain or wave wash, and that 
no sloughing of hanks has occurred;" 

Banks damaged by rain or wave wash or sloughing shall be repaired 
promptly, using bankrun gravel and rock similar to that used in their 
original construction. 

"(v) Riprap sections and •••• dikes and walls are in good 
cond.ition." 
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Stone protection must be maintained in good condition to resist 
erosion. Any loss of rock due to slides, erosion or vandalism must be 
promptly replaced. Periodic checks should be made of the stone protection 
for possible movement or loss of stone, and prompt corrective action 
taken. 

"(vi) Approach and egress channels adjacent to the improved 
channel or floodway are sufficiently clear of obstructions and debris to 
permit proper functioning of the project works." 

"Such inspections shall be made prior to the beginning of the flood 
season and otherwise at intervals not to exceed 90 days. Immediate steps 
will be taken to remedy any adverse conditions disclosed by such inspec­
tions. Measures will be taken by the Superintendent to promote the growth 
of grass on bank slopes and •• dikes. The Superintendent shall 
provide for periodic repair and cleaning of debris • • • • • as may be 
necessary." 

4-03. Operation - Paragraph 208.l0(g)(2) of the prescribed regulations 
gives rules for operation of channels and floodways. These rules which 
are quoted below are self explanatory and require no amplification with 
regard to the project. 

(2) Operations. "Both banks of the channel shall be patrolled 
during periods of high water, and measures shall be taken to protect those 
reaches being attacked by the current or wave wash. Appropriate measures 
shall be taken to prevent the formation of jams of ice or debris. Large 
objects which become lodged against the bank shall be removed. The 
improved channel or floodway shall be thoroughly inspected immediately 
following each major high water period. As soon as practicable 
thereafter, all snags and other debris shall be removed and all banks, 
riprap, walls, drainage outlets, or other flood control structures 
repaired." 

10 
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SECTION V. DRAWINGS 

5-01. General. A complete set of "As-Built" tracings was turned over to' 
the city of Fitchburg at the completion of the project construction. 

5-02. O&M Manual Drawings and Photos. Pertinent drawings and photographs 
which help to clarify this O&M Manual are included in Appendix E. 
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APPENDIX "Alf 

REGULATIONS PRESCRIBED BY THE SECRETARY OF THE ARMY 



TITLE U-NAVIGATION AND 
NAVIGABLE WATERS 

Cha,t,r II-C.rp. 01 En"n •• r.. ~·.r 
Depart •• nt 

PUT 20l-Jl'LOOD CONTaOL R&avuno •• 
IIIAINtnu.cs an O'IU1'ION or rLOOI 

CONTROL WO." 

Purauant. to t.he provlllODI of Hctlc,n I 
of the Act. at COIlI1'UI .pproved June 22. 
leH. as amended aDd .upplemented (. 
Stat.. 1571; 60 Stat. .• .,1; and && Stat. 
UI; 33 U. s. C: .,Olc; "Olc-1>. the fol­
low1Dl rel\&lat.loDS are herebJ prelCl1bed 
to .overn t.he ID&inteaance and opera­
UOIl at flood control wora: 

I 208.10 L«al Jlootl protect'o" wor/".­
mG'ntenance anti o,,.rat'on olltructure, 
anti la~lUte,-(a) General. (1) The 
.tructure. and f.cUfUe. conatruct.ed b, 
the Untud State. for local flood protec­
Uon .haU be contlnuousl)' m&1ntained In 
luch a manner and operated .t lucb 
t.lmel .nd for luch periods as mu be 
necesa.ry t.o obt..ln the m.zJmum 
benefltl. 

(2) The .. "'. political lubdlvlalon 
thereof, or other re,po~lble local 
.. ency. whlcb furnllhed aIIOr.nce that 
It wm mslnt.aln and operat.e flood ccn­
tral woru In accordance wlth relUla­
tiona preac:rlbed by the Secr.t.ary of War. 
u required by la .... than appoint. a per­
man.nt. commJt.tee coDlllt.ln. of or 
headed by an oatcial herelDaft.er called 
the "Superlnt.endent." who .hall be fe­
IPOiWbla for t.he development and main­
tenance of. and directly In char.e of. aD 
oraan1aat.IOD re.poDltble for the dlctaDt 
operaUon and m&1Dt.enaDce of all at &b. 
aruct.uru Nld fadlltl.. duriq Good 
perlodl aDd for contiDuoua IDoIIMCUOD 
aDd malDtenance at &.he project worb 
cl\U1na periods of low water. aU wlt.bout 
COlt to t.he UDited Slaw. 

(3) A ruerve IUPp)y of materia .. 
needed durin. a Good emeraene, ahall 
be kept. on hand at all tUDe •. 

(.) No encroachment or U'elP&II 
which wm .dver." a!rlet the dlc1en\ 
operatJon or m.lnteD.nce of tbe project. 
wora ahaII be permitted upon t.he rI.btl­
of-way for the protect.lve fac.il1U •. 

(8) No Improvement. Ihall be pUNcl 
over. under. or t.broUib the wall •• Ie' .... 
Improved chanDila or 600chvQI. Dor 
IbaH any excavaUon or conauucUoD be 
permitted within t.he Um1l1 of lobe proJ­
ect. l'tlht-of-w.,. nor IlhaU any chanae 
be made In any feature of the wora 
WIthout prior detumiaatton bJ the DII­
utct En.IDeer of t.he W.r Department 
or hi. authorlaed repre.ent.tlve tbas 
such lmprovement. excav.tIon. construc­
tion. or alteration will not adversely af­
fect the functlon!nl of t.he prot.ectlve 
facilities. Such Improvements or .Iter­
atlona as may be found to be desirable 
and pennlulble under the above de­
termination Ihall be constructed ln ac­
cordance with standard enllneerlnl 
practice. Advice relardlnl the eft'ect of 
prOpOsed lmprovement.s or .lteratlonl 
on the'functlonlnl of the prQject. and ~ .. 
formation cODcernln. ptethods of con­
Itructton acceptable under st.andard en­
.lneerin. practice shall be obtained from 
the Olatrlct En.ineer or. if otherwise 
obtained. shall be submJtt.ed for his ap­
","oval. Dr .... lnls or prints Ihowln. 
IUch lmprovementa or alt.erations AI 
'Bnall1 con.t.rUCUd .hall be furnlahed tbe 
Diltrict En.lneer after compietlon of the 
wort. 

(.) It. IhaH bf> the du~, of the luper­
Intendent to lubmlt. • lemlaaDual report 
to t.he DSatrlct EnlinHr cov.r .. In.apec­
Uon ••• lntenance .• nd operatloD of the 
protective wora. 

(.,) The District _Dlln .. r or hJa au­
thorlMcl reprllentaUyea thai) b.ve ac­
e ... at aU ttvlel to .n portiGAl of the pro-­
tecUn woru. 

(I) Malntenance Dleuur. or res-lr. 
Which the DCltriet IlDlineer deellLl Dec­
.... " &hall be prompt)) takeD or made. 

( .. Appropriate meuurea Ihall be 
tallen b)' local .uthorltl. to lnaure that 
the actlyiUea of .U loeal oraanilaUona 
operatlnl pubUc or private 'aclU&lea con­
n~ wUh the protectlve worb an co­
orcUDUed with t.ba. of Lbe Superintend­
eD". or.anlution dW'in. 800d perlodl. 

C lO) 'lbe W.r Oepartment. wUI fian&ab 
local interests With an Operation aDd 
MainteuDce ".nu.l for each comple'-cl 
project. or separate uaeful p.rt thereof. 
to .... t them In c.rryln. out lbfir ob­
U •• ttonl under the .. re,ulat.lona. 

(b) .wwe,-(1) JI.'"e.".,... T be 
Superintendent shall IWovlde at all UID. 
1\tC.b malDtenance AI ma), be reQ\Iirecl to 
lJ1Iure IIrvlceabrut)' of &be It.luctur. tD 
wae of Good. Meuur .. ahall be taken 
to prOillote the .rowth ot aod. ntermJ­
DAWI b)uTowln. al11mall. aDd to prOYld. 
Iv routlD. mowt"- of the .r... and 
weedl. removal of wUd .ro ... tb aDd drift 
elepo&1u. and repair of dama.e c.uHd by 
ero.lon or other 10rcII. Where prac­
ticable. Dle.,urea shall be taken to ret.ard 
baDk erOilon by plantina of .woWI or 
other luitable Il'o ... t.b on .real rlv.rward 
ot the levees. Periodic Inspecttona ahaU 
be m.de by the Superlnt.endent to lAWN 
that the above main,"cnt.nce meuu .... 
are bllnI efrectlvel), c.rrled out and. 
further. to be cert.ln that: 

(I) No UDusual MttJem'Dt. &lo""hl~. 
01 material 1011 of ,r&de or lew. croa 
Mction haa t.keD place~ 

(U) No caViIll haa occurred OD elUler 
the l.nd Iide or the rlvfr Ilde of tbelev .. 
wblcb ml.M .frect. the ItabJUty ot the 
levee section: 

<UJ) No lHPAle .• at.ur.ted areu. or 
IaDd boUI are occurnn.; . 

(ty) To e draina.e '),It.ems .nd "rea­
sure reUef wells .re In ,GOd wortlD' con­
ditton. and that lueb facUltta .... Dot 
beoomln. clolled: 

(~ Drain. throu.h the lev ... aDd 
,aiel OD said dra_ are In.ood workln. 
condJt.1on; 

(vI) No revet.ment. work or riprap hal 
been dJlplaced. wuhed out. or removed: 

(vu) No actioD I. bein. taken •• uch 
uburnln. Ira .. and weeda durinl ID­
approprlat.e seasonl. which w1l1 retard 
Or aeatroy the Irowt.h ot lod; 

(vlU) Access road. to and on the l.vee 
.re belna properl), •• iDtalned: 

H:I) C.Ule luardl and I.tea are In 
.oad condition; 

(x) Crown ot levee 11 ahaped 10 u to 
dra1D re.dJly .• nd road ... a, thereon. U 
ltD)'. II well ahaped and maintained; 

(:II) There ls no unauthorised I1'Uin, 
or vehicular traatc on the leveel; 

(xU) Encroachments .re not belna 
made on the levee rl.ht-of-wa1 which 
mJ.ht endanler the,ltructure or hinder 
Ita proqer and emclent functlonln. dur­
In t.im .. of emerlency. 

Such Inspectlona .hall be made im­
medlatel), prior to the ~.Inn1n. of t.he 
800d lluon; lmmediatel, follow In. each 
major hI'h .at.er period. and othenrlee 
at Intervals not. e:lceedln, 80 da11~ anel 
luch i.ntermedlate times 105 ma1 be nfCel­
I&ry to tnsur'! the belt ~ble -:are of 

the levee. Immediate .WIM wul be Laun 
&0 ~orrect dan.erous condJt1OD1 dlaclo ... " 
by lueb InlpeetJona. Re.ular m.lnLe­
Dance repair me~rll .hall be accom­
plllhed durlnl t.h. approprtate seuon 
AI ICheduJed by the 8uperlntendent 

(2) Operation. Durin. flood period .. 
the levee shall be patrolled contlnuoualJ 
to locate poulble sand bolll or ~I'luau.l 
...etnell of t.he landw.rd Ilope and t.o be 
cert.ln tlaat: 

CI) There are no Indication. of IUdet 
or Ilou.hl developln.: 

<It) W.ve ... ash or scourln. action II 
not occurrln.: 

(UB No low reaches of levee e:llil 
which may be overtopped; 

(Iv) Nb other condition. nllt which 
mllht endan.er the Itructure. 

Approprl.te advance m.uurea _111 be 
taken to iDlure the ayaUabUlty of ade­
Quate labor and materlall to meet all 
contln.encl... Immediate .telM will be 
t.ken to control .n), condition which 
end.n.er. the levee and to repair the 
dama.ed IICtlon. 

(c) "004 ... U,.-(l) JlG'n'ena"c~. 
Perlod1c IDlpectlona ahall be made by the 
Superintendent to be certain that: 

(I) No Hepa.e. _turaled areu. or 
land boUI ar~ oecurrlDl; 

(U) No undue ItttlemeDt h.loccurred 
... hlch a!recta the ItabUIt)' of the wall or 
Itl water tJ.htDell; 

(UD No tree ... lat. the roots of which 
mJ.ht exteDd under the wall and oirtr 
.ccele ... ted lIepa.e pathl: 

(tv) The concrete haa not underlol'\e 
cracklDi. chlpplna. or breakiD, to an 
extent which ml.ht a • .,t lbe .tabUlt)' 
of the wall or Its watel' &I.hUl .. : 

(v) There .re DO eDcfoachm.Dta upon 
the rl.ht-of-wa, which IDJIbt endan.er 
the liructure or hinder ttl functloNn, 
In time of flood: 

(vI> Car. JI belDi ~.erelled to pre­
tent accumulation of trub aDd debris 
8dJaOlDt to walli. aDd to I.AIUn that DO 
Gr.. are belDl buil&· Dear them; 

(YU) No bank eaYinl eoDd1t1oDl ailt 
rSvetward of the wall which a.ht. .D­
eIanIer Its ,tablUt.,: 

<vW) Toe clra.&Dqe ',I&.eIDI .Dd prel­
lun nUef wella .,.In.ood worldDl coo­
dltlaa. and tnat .uch faclUtl. are not 
becOlDlnl cl~.ed. 

Sucb lDIpecUona ahall be made Imme­
dI.tel)' prior to th. bellnnlD. of t.he flood 
Huon. Immedl.tel)' followlD. each ma­
lor hl.h w.ter period. and otherwise at 
int.ervals Dot exceedln. 10 da,.. Meas­
ur .. to eUminale eDcroachmenli and ef­
fect repain found neceaaary by such 10-
epectlona Ihall be undertaken Imr:gedJ­
ately. All rep.ln IhaH be accomplilhed 
b)' method I accept.able In st.apdard en­
IiDterln. pr.ctlce. 

(3) OJWTatjon. Cont.1nuous patrol or 
the wall shall be maintained durin, flood 
periodl t.o locate poI&1ble leaka,~ at mon­
oUth jolnll or leepaae underneath t.he 
wall. "oaUD. plant or boata w111 not be 
aDow.d to lie aaainat or Ue up to the 
wall. Shouldlt become Decessary during 
a Good Imeraenc, to pall anchor cables 
over the w&ll. adequate measure. shall 
be taken to protect the concrete and con­
.tructlon jolnta. Immecllate steps shall 
be taten to correct. aDY condition which 
endan,ers the .tablUt, ot t.he wall. 

(d) Drajnage ,,",cturel-C1) JI air.!. -
"ance. Adequat.e meuuru shall be talLt n 
to Insure that lruet and outlet channds 
are kept. open and that trash. dr1ft. 01 

debrll Is not allowed to accumulate nea. 
dralnaae .tructurel. Plap ,atel and 
manuaUy operated ,atel aDc! valvel (In 



dralna.,e structurtts sha!'! l;-;nmined. 
01lf"d. and trial opt-rated at least oncp. 
evttry 90 days Where dralnale striJc­
tures are prQl"ded wlth stop lUI or other 
emerlency closures. the conclitlon of the 
equipment and ttl housln, shall be In­
speocted r"ululy and a trtal Installatlon 
of the emerlency clOlure shall be made 
at least once each year. Pertodle Inspec­
tlona shall be made by the Superintend­
ent to be certain that. 

(t) Pipes. ,ates. operatln, mecharusm. 
nprap. and headwalls art: In ,ood con­
clition; 

(U) Inlet and outlet channels are open; 
CUI) Care Is beln, exercised to prevent 

the accumulation of. tram and debrl. 
near the structures and that no flres are 
beln, built near bituminous coated pipes; 

(Iv) Erosion 1.s not occurrln, adJacent 
to the structure which ml,ht endan.er 
Its water tl,htnesa or .tabUlty. 

ImmedJate .tepa wlll be talen to re­
peJr damale. replace mllsln. or broken 
parts. or remedy adverse conditions dis-
closed by such Inspection.. . 

(2) OperaUon. Whenever hi.h water 
conditions Impend. all ,ates wlll be In­
spected a ahort time before water reaehe. 
the Invert of the pipe and any object 
which mllht prevent clo.ure of the ,ate 
thall be removed. Automatic ,atea shall 
be cloaely observed untU It has been as­
certained that they are securel,. cloaed. 
Manually operated lates and valve. sball 
bt closed as necessary to prevent ioftow 
of 1l0od water. All dralna,e structures 
1n levees shall be Inspected frequently 
durtn, floods to ascertain wbether seep­
Ale 1.s taklnl place along the hnes of 
their contact with the emba.nkment. 
Immediate steps shall be taken to cor­
rect any adverse condition. 

(e) Clo,,,re !tr"ct"re!-( 1) MaJnte­
ftance. Closure structures for tramc 
openlnls shall be Inspected by the'super­
Intendent every 80 <1ays to be r.ertaiD 
that: 

<t) No parts are misslnl; 
(11) Metal parts are adequately cov­

ered with paint; 
CUll All movable parts are In saUs­

factor, work In, order. 
(tv) Proper closure can be made 

promptly when necessar,; 
(v) Sumclent materials are on hand 

fex the prection of sand ba, closurel and 
that the: location of such materials wUl 
be .'eadlly accessible In Limes of emer­
,ency. 

Too13 and parts shall not be removed 
for other use. Trlill erectloru of one or 
more closure structures shall be made 
once each year. alternaUu the struc­
tures chosen so that eaoH lat'~ wm be 
erected at least once In each 3-year pe­
riod. Trial erection of all closure struc­
ture. shall be made whenever a chanle Is 
made In key operatmg personnel. Where 
raUroad operation makes trial erection of 
a cloaure structure Infeasible. riioroul 
Inspection and drll1 bf operatlnl per­
sonnel may be substituted therefor. 
Trial erection of sand bag closures Is not 
reqUired Closure materials wm be care­
fully checke~ prior to and f01l0wlnl 
flood periods. and damaged or mlssln, 
parts shall be repaired or replaced Im­
mediately. 

(~) Operat~on. Erection ot each mov­
ablt closure shan be started In suft\cleht 
time to permit completion before nood 
waters reach the top of the lit ructure 
am. I"formation regarding the proper 
method of erectmg each individual cloa­
ur.e structure. together with an estimate 
of the time requlrttd by I'-Xl n:P"!rl~nr:~c.' 
crew to comolete Its f'rt·~tlC"l w :' t~ ,;,v~~ 

In the Operation and Maintenance Man­
ual whJ,h w1ll be furnithed locallntere.ta 
upon completion of the proJect. Closure 
stl'ucLures 90'111 be In.pected frequently 
dunna flood periodl to ascertain that 00 
undue leaka,e II occurrinl and that 
drains provided to care for orclinary leak­
ale are functlonJDI properly. Bcata or 
floatlnl plant shall not be allowed to U. 
up to closure structures or to dtacharle 
pusenlers or car,o over them. . 

CO Pumping planU-(l) M a", t ,­
nance. Pumpln, planta ahall be Inspected 
by the Superintendent at Intervall not 
to exceed 30 days durlnR flood aeuona 
and 10 days durlna off -nood seuoDi to 
insur. that all eqUipment Is In order for 
Inltant use. At relular Intenall. proper 
measures shall be taken to provtde for 
cleanin, plllllt. bulldlnls, and equipment. 
repalntin, u necessary. and lubncatlnl 
all machlnef)' Adequate suppUea of 
lubrlcanta for all typel of machloea. fuel 
for luoUne or dleael powered equipment, 
and ~h U,hta or lanterns for emerlency 
ll,btlq shall be keDt on hand at tJ1 
tlmel. Telephone service shall be malD. 
talned at pumplnl planta. AU equSp. 
ment. Includlnl switch gear. transform­
ers. moton. pumpa, valves. and ute. 
shall be trial operated and checked at 
leut once every 90 days. Mel,er teata 
of all lnaulation shall be made whenever 
wlrtn, hu been subjected to undue damp­
nesa anel otherwbe at Intervals not to 
exceed one ye_r. A record shall be kept 
showlna the results of such tests. Wlr­
Inl dlscloaed to be 1n an unaatLsfactofJ 
condition b, such teats shall be broUlht 
to a satisfactory condition or shall be 
promptl1 replaced Dlesel and ,uollne 
enJ1nes shan be started at .uch Inter­
vals and allowed to run for such leoath 
of Ume u may be necesaafJ' to huure 
their lervlceabUJty In tlmea of emer­
Ilency. Only skilled electrtclana and me­
charuci shall be employed on telta and 
repaU's. Opera tin, peraonnel for the 
plant shall be present durtn, testa. AnJ' 
equipment removed from the .tatlon for 
repair or replacement shall be returned . 
or replaced as lOOn as practicable and 
shall be trial operated after reinstal­
lation. Repairs reqU1rtq removal of 
eqUipment from the plant shall be made 
dunn, off-llood aeasons lnaofar u prac­
ttcable. 

(2) Operation. Competent operatora 
shall be on duty at pumpln, plan'" wben­
ever it appears that necellity for pump 
operation 11 imminent. The operator 
shan thorou,hly In.pect. trial operate, 
and place In readiness aU plant eq\l1p­
ment.. The operator shall be famUlar 
with the equipment manufacturers' In­
ab'uctloDS and drawing. and with the 
"OperaLln, Instructions" for each sta­
tton. Th~ equipment shall be operated 
In aecordance with the above-mentioned 
"Opera tin, Instructions" and care man 
be exercLied that proper lubrication Is 
beLn'lUPplled all equipment. and that DO 
overheatln,. undue vibration or nolae la 
occurrin,. Immediately upon flnal re­
ceilion of flood wat.ers. the pumpln, .ta­
tton shall be Uloroulhiy cleaned. pua:p 
bouBl' lumps flusbed. and equipment 
t.hor~lhl, inspected. outta and ,reued. 
A record or log of pumplnl plant. opera­
tion lhall be kept for nch station. a copy 
of whicb shall be furnished the DIstrict 
En'lneer folio MOl each flood. 

(,> Chan1&eb and lloodwaJfI - (1) 
Ma'nte7UJn.ce. Periodic inspectionl of 
Improved channels and ftoodways Ihall 
be made by the Superintendent to be 
certain that: 

':') 1'h'!' dl'l\nr.~· t)r fOO<li,\I1f,;- t~ !.te\r ,," 
debris ... e~ds. r,·.nc ,,1l~. ~::',:''V~.~: 

lit> 'lbe channel or flood ... , 11 Dot 
belnl restricted bJ the depoalUD, 01 
wa:.te material.. buUdlnll of unauthor­
Ised .tructure. or other ebcroaclwleDta; 

<UV The capacity of tbe channel or 
ftooGwa, 11 nnt belnl reduced by tbe 
formation of Ihoa1a; 

(ly) BaDka are oot belo, dam&lect 'by' 
ratn or wave wUb. and 'hat ncr aloUlb-' -
till of banks haa occurred: 

(v) Riprap sections and deflection 
dikes and walla are In lood condition; 

(yl) Approach and qrell cbannela 
adjacent to the Improved cbannel nr 
floodway are lu1Ilciently clear of obstruc­
tion. anti debru to permit proper func­
tionin. of tbe project worlta. 

Such Inspection. shall be made prior to 
\he belluDlnf of the 1I00d aeuon and 
otber",l.. at Intenall not to exceed 80 
da,.. Immediate .tepa wUl be talten to 
remedy any adver .. condlUOD.I dlIc101ed 
by .uch IDipectlona. lIeuurea wtll be 
takeo by the Superintendent to promote 
the .rowtb of IJ'&II on bank Ilopea aDd 
eartb de1lectlon d!kea. 'lbe Superin­
teodent .ball provide for period1c repalr 
and cleaniDi of debrll baa1Dl, ebeck 
dama, and related .tructuree .. ma,. be 
neceu&r)'. 

(2) OperaUcm. Botb ban k. of the 
channel shall be patrolled durin, pertoclt 
of hlIb water. and meuurea Iball be 
taken to protect tbose reaches belnl at­
tacked b,. the current or by waye wash. 
Appropriate meaaures shaU be taken to 
preven;; the forlCation of jams of Ice or 
debrta. 1.&l'Ie object. whicb become 
lod.ed a,alnat the bank shall be re­
moved. 'lbe Improved channel or flood­
wa, shall be thorou,hl, Inspected imme­
diately followlnlr eacb major hlIh .. ater 
period. As lOOn u practicable there­
after. all sna .. and other debriS shall be 
removed and all dam&le to bank •• riprap. 
dellectlon dlkee aDd walll. dralna,e out­
leta. or otber flood control structures 
repaired. 

(h) Mucel14MOUI lacmtie. - (1) 

"'alntmclftce. MlaceUaneoua Itructures 
and fac1lttle. cnnatructed u a part of 
the protective worlts and other structures 
and faclUtles which function .. a pan 
of. or affect the e1llc1ent functionlnl of 
the protective worU. shall be periodJcal17 
inapeded by the SuperlDtendent and ap­
propriate lI1a1nten~ce me&1U1'e8 taken. 
Dam&led or unserviceable par'" shall be 
repa1red or replaced without dela,. 
Areu UIed for pondiD, lD connection 
with DumpiDI plant. or for tempor&J'}' 
ltorlCe ot loterlor run·off durinl ftood 
perioda shall DOt. be allowed to become 
tmed with lilt. debris. or dumped ma­
terial. The Superintendent ahall take 
proper stepa to prevent restriction of 
bridle opel1lDlrs and. where practicable. 
mall provide for temporary rallln, dur­
t.nIlI00da Qf brid,ea which restrict chan­
nel eapacttlea durlna hi,b flow I. 

(2) Operation. lltacellaneous faclU­
tlea shall be operated to preYeDt or re­
duce ftoodin, durin, periods of hilh 
water. ThOle facUltiea CODitructed .... 
a part of Ule protective worb ahall not 
be uaed for purpoaea other than flood pro­
tection without approval of the DI.t.r1ct 
BD,lneer un Ie.. desllDed therefol. (fO 
Stat. 1&71.50 atat. 8'77; and 65 Stat. 838; 
33 U.S.C. 'rOlc; 'IOlc-l) (Rels .• A\l&11It 
leU. CJ: SPEWP> 

[.UL] J. A. ULIO. 
Maior (Hana., 

7''''' Ad1"taftt ~fte,.aJ. 

,Po R Doe M-l2286; Plled, AUSUt't. :·.8. IM4: 
':\·(y',,,,"'·F 



'--

APPENDIX B 

STANDARD OPERATING PROCEDURES 
DURING STORM PERIODS 

FITCHBURG, MASSACHUSETTS 



Paragraph 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 

11 
12 
13 

14 

15 
16 

'--

APPENDIX B 

STANDARD OPERATING PROCEDURES 
DURING STORM PERIODS 

FITCHBURG, MASSACHUSETTS 

Subject 

PURPOSE AND SCOPE 

General 

RESPONSIBILITIES 

City of Fitchburg 
National Weather Service 
Corps of Engineers 

CLIMATOLOGY 

General 
Precipitation 
Snow Fall 
Snow Cover 
Storms 
Runoff 

RECENT FLOOD HISTORY 

General 
Peak Discharge Frequencies 
Design Flood 

OPERATION 

General 

OPERATION CONSIDERATIONS 

General 
Emergency Measures 

B-i 

B-1 

B-1 
B-1 
B-1 

B-2 
B-2 
B-2 
B-4 
B-4 
B-4 

B-5 
B-7 
B-7 

B-7 

B-7 
B-7 



Table 

B-1 
B-2 
B-3 
B-4 
B-S 

Plate 

B-1 
B-2 
B-3 

· --..: 

LIST OF TABLES 

Title 

Monthly Precipitation 
Snowfall Data 
Water Equivalent in Snow Cover 
Annual Runoff 
Peak Flows 

LIST OF PLATES 

Title 

Basin Map 
North Nashua River Profile 
Peak Discharge Frequency Curve 

B-ii 

B-3 
B-3 
B-4 
B-S 
B-6 



· --..: 

1. General 

APPENDIX B 

STANDARD OPERATION PROCEDURE 
DURING FLOOD PERIODS 

PURPOSE AND SCOPE 

This appendix prescribes details for the operation of the flood 
control features of the Fitchburg Local Protection Project. Climatology 
and hydrologic data are included for background information. 

RESPONSIBILITIES 

2. City of Fitchburg 

The city is responsible for the operation, maintenance and protection 
of the entire flood protection works. Instructions for the operation are 
presented in this appendix. Areas of responsibility include: 

a. Complete operation of the project during flood periods in the 
North Nashua River. 

b. Training sufficient personnel to insure efficient and effective 
maintenance and operating procedures. 

c. Maintaining an adequate communication system to obtain weather 
and flood forecasts. 

3. National Weather Service 

The National Weather Service (NWS) has no direct role in the 
operation of the project; however, it has the responsibility of issuing 
weather and flood forecasts to the general public. Flood forecasts for 
the eastern Massachusetts area are issued by the NWS office at Boston, 
Massachusetts. 

4. Corps of Engineers 

The Reservoir Control Center (RCC) of the Corps of Engineers 
continually monitors rainfall and runoff conditions in much of New 
England. This climatologic and hydrologic information is available upon 
request. RCC will review operational procedures following major floods to 
determine whether the prescribed regulation instructions need revisions. 
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CLIMATOLOGY 

5. General. The North Nashua River basin has a variable climate and 
frequently experiences periods of heavy precipitation produced by local 
thunderstorms and larger weather systems of tropical and extra-tropical 
origin. The basin lies in the path of the prevailing "westerlies" which 
traverse the country in an easterly or northeasterly direction and produce 
frequent weather changes. Temperature extremes within the basin range 
from summer-time highs of about 1000 Fahrenheit to sub-zero temperatures 
in the minus teens occurring for short periods in the winter. 

6. Precipitation. The average annual precipitation over the North Nashua 
River Basin is approximately 43 inches, uniformly distributed throughout 
the year. The maximum and minimum annual precipitation at Fitchburg are 
60.23 and 27.45 inches, respectively. Table B-1 lists the mean, maximum 
and minimum monthly and annual precipitation at Fitchburg for 111 years of 
record, through 1975. 

7. Snow Fall. The annual snowfall in the basin averages about 62 inches 
at Fitchburg, located at about elevation 400 feet msl. Table B-2 gives 
the mean monthly and annual snowfall at Fitchburg for 90 years of record, 
through 1975. 
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TABLE B-1 

MONTHLY PRECIPITATION AT 
FITCHBURG, MASSACHUSETTS 

(In Inches) 

Monthly Mean Maximum Minimum 
January 3.44 7.78 0.84 
February 3.28 8.33 0.34 
March 3.67 12.15 Trace 
April 3.42 9.91 0.57 

May 3.57 8.25 0.57 
June 3.66 11.56 0.09 
July 3.67 12.68 0.46 
August 3.66 10.72 0.17 

September 3.64 14.04 0.19 
October 3.43 13.01 Trace 
November 3.84 7.79 0.38 
December 3.51 9.33 0.58 

Annual 42.77 60.23 27.45 

TABLE B-2 

SNOWFALL DATA AT 
FITCHBURG, MASSACHUSETTS 

(Depth in Inches) 

Month Mean 
January 15.6 
February 17.6 
March 11.3 
April 2.5 

May Trace 
June 
July 
August 

September 
October Trace 
November 3.5 
December 11.7 

Annual 62.2 
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~ 8. Snow Cov~r. Snow surveys have been taken in or adjacent to the North 
Nashua River watershed since 1950. These surveys indicate that the water 
content of the snow normally reaches a maximum about the first of March. 
The recorded mean, maximum and minimum average basin water content of the 
snow for the nearby Millers River basin for 27 years of record through 
1976 is given in Table B-3. 

TABLE B-3 

WATER EQUIVALENT IN SNOW COVER 
MILLERS RIVER WATERSHED 

1950 - 1976 
(inches) 

Month Mean Maximum Minimum 
1 February 2.T 4.2 0.3 

15 February 2.7 5.6 0.0 
1 March 3.1 7.6 0.0 

15 March 3.2 7.7 0.0 
1 April 2.0 8.2 0.0 

15 April 0.3 4.9 0.0 

9. Storms. The North Nashua River Basin experiences storms of four 
general types, namely: 

(1) Extra-tropical continental storms which move across the basin 
under the influence of the prevailing "westerlies". 

(2) Extra-tropical maritime storms which originate and move 
northward along the eastern coast of the United States. 

(3) Storms of tropical origin, some of which attain hurricane 
magnitude. 

(4) Thunderstorms produced by local convective activity or by more 
general frontal action. 

The most severe storms in southern and central New England have been 
of tropical origin which occur during the late summer and early autumn. 

10. Runoff - The U.S. Geological Survey (USGS) has maintained a 
continuous record of streamflow on the North Nashua River in Leominster 
since 1935. The drainage area of the river at the site of this gage is 
107 square miles and the long-term average flow is 193 cfs, equivalent to 
an annual runoff from the watershed of 24.7 inches. This represents 58 
percent of the annual precipitation. The following tabulation indicates 
the maximum and minimum values of runoff. , 
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TABLE B-4 

ANNUAL RUNOFF 
NORTH NASHUA RIVER NEAR LEOMINSTER 

Drainage area - 107 square miles 
(cubic feet per second) 

Month Average Maximum Minimum 
(cfs) (inches) (cfs) (inches) (cfs) (inches) 

January 205.5 2.23 465 5.05 50.9 0.55 
February 215.7 2.12 534 5.24 88.8 0.87 
March 372.8 4.05 1289 14.00 140.0 1.52 
April 422.5 4.44 868 9.13 154.0 1.62 

May 242.7 2.64 450 4.89 85.4 0.93 
June 155.5 1.63 393 4.13 64.3 0.68 
July 91.1 0.99 392 4.26 42.9 0.47 
August 75.1 0.82 286 3.11 38.1 0.41 

September 90.6 0.95 595 6.26 38.9 0.41 
October 95.8 1.04 606 6.58 39.4 0.43 
November 155.6 1.64 485 5.10 44.4 0.62 
December 190.8 2.07 429 4.66 58.6 0.64 

Annual 192.8 24.66 307 39.27 81.2 10.39 

RECENT FLOOD HISTORY 

11. General. Floods in the North Nashua River occur during any season of 
the year as a result of either intense rainfall over the watershed or from 
rainfall in conjunction with melting snow. However, the largest floods 
have developed from intense rainfall associated with tropical storms. 
Since flow records have been maintained, the North Nashua River has 
experienced three notable high flows. These occurred in March 1936, 
September 1938 and October 1955. All three high flows were generally 
produced by about 4 to 6 inches of rainfall in about a 24-hour period. 

The following paragraphs are a discussion of recent significant flood 
producing storms experienced along the North Nashua River. Peak 
discharges for these floods are also included for reference below. 
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TABLE B-5 

PEAK FLOWS, NORTH NASHUA RIVER 

Location 

Drainage Area, sq. miles 

Date 

18 Mar 1936 
21 Sep 1938 
15 Oct 1955 

Fitchburg Leominster 

(cfs) 
9,400 
8,900 
7,800 

63.7 107 

Peak Discharges 
(csm) (cfs) 
149 16,300 
141 10,300 
124 8,870 

(csm) 
152 

96 
83 

Runoff 
(inches) 

4.0 
4.7 
5.0 

a. March 1936 Flood. The greatest recorded flow on the North Nashua 
River at the Leominster gage was 16,300 cfs and occurred as a result of 
two consecutive storms during March 1936. Intermittent periods of 
moderate to heavy rainfall during the month, combined with considerable 
snowmelt, produced two distinct high flows. The first rise, occurring on 
the 12th, was largely the result of runoff from melting snow with some 
contribution from moderate rainfall which averaged about 3 inches over the 
basin during the period 9-13 March. A second storm period, between the 
16th and 19th, produced the record flow on the North Nashua River. This 
peak resulted from intense rainfall, which averaged about 5.5 inches, with 
only minor contribution from snowmelt. 

b. September 1938 Flood. Another high flow producing event occurred 
as a result of rainfall associated with the September 1938 hurricane that 
passed up the Connecticut River valley. The North Nashua basin narrowly 
missed the brunt of this storm with rainfall amounts of 14 inches 
occurring a short distance to the west. Rainfall averaged about 7 inches 
in 18-21 September in the North Nashua basin, with about 4 inches falling 
in a 24-hour period on the 20th. The resulting peak flow at the 
Leominster gage was 10,300 cfs and computed peak flow over Arden Mill dam 
in Fitchburg was about 8,900 cfs. 

c. October 1955 Flood. The North Nashua watershed escaped the wide­
spread torrential hurricane rainfall of August 1955, but did experience 
high frow producing rainfall in October 1955. The October storm resulted 
from the interaction of a west to east frontal weather system with a coa­
stal low pressure system moving northward. Rainfall in the watershed 
amounted to about 5 inches in 24 hours on the 15th, based on rainfall 
records at Sterling, Massachusetts. Total storm rainfall was in the order 
of 7 inches. 

The peak flow of the river at Leominster, as recorded at the gage, 
was 8,870 cfs. The peak flow at Fitchburg, based on high water data, was 
estimated to be about 7,800 cfs. ~ 
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12. Peak Discharge Frequencies. A peak discharge frequency curve was 
developed for the North Nashua River at Fitchburg by relating the computed 
frequency statistics of the flow records for the North Nashua River at 
Leominster through comparison of common flood events at the two loca­
tions. The frequency curve at Leominster was developed by statistical 
analysis of the annual peak flows using a Log Pearson Type III 
distribution. The developed frequency curves are shown on Plate B-3. 

13. Design Flood. The channel rehabilitation project basically restores 
the integrity of the channel to its original design capacity of about 
9,000 cfs which is nearly equivalent to the discharge of the March 1936 
flood of record. 

OPERATION 

14. General. The Fitchburg Channel Rehabilitation Project requires ~ 
direct operation. 

OPERATIONAL CONSIDERATIONS 

15. General. The Fitchburg Channel Rehabilitation Project provides flood 
protection from the North Nashua River flooding within the limits of this 
design, and its effectiveness is contingent upon proper maintenance and 
operations. Factors which must be considered in anticipating the opera­
tion of this project are: 

a. The channel must be kept clear of flow obstructions in order that 
it may carry full design capacity. 

b. All culverts and bridges should be clear of flow obstructions 
which might collect behind them hence restricting flow. 

16. Emergency Measures. The superintendent shall take immediate action 
to correct any condition which endangers the stability of the walls. All 
such measures taken will be reported to the Division Engineer immediately 
after the flood period. 
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AGREEMENT BETWEEN 

THE UNITED STATES OF AMERICA 

AND 

THE COMMONWEALTH OF MASSACHUSETTS 

FOR LOCAL COOPERATION AT 

NORTH NASHUA RIVER CHANNEL IMPROVEMENT PROJECT 

FITCHBURG, MASSACHUSETTS 

THIS AGREEMENT entered into this ') '7-lh day of (If--rj " , 1979 

by and between the UNITED STATES OF AMERICA (hereinafter called the 

"Government"), represented by the Contracting Officer executing the agree-

ment, and the COMMONWEALTH OF MASSACHUSETTS (hereinafter called the 

"Commonwealth"), acting by and through the DEPARTMENT OF ENVIRONMENTAL 

QUALITY ENGINEERING, with the consent of the Governor, WITNESSETH THAT: 

WHEREAS, construction of the Channel Improvement Project on the North 

Nashua River; Fitchburg, Massachusetts (hereinafter called the "Project") 

was authorized by the Flood Control Act of 1966, approved 7 November 1966, 

Public Law 89-789, 89th Congress, 2nd Session, substantially in accordance 

Senate Document No. 113, 89th Congress; and 

WHEREAS, the Commonwealth hereby represents that it has the authority 

and capability to furnish the non-Federal cooperation required by the 

Federal legislation authorizing th~ Project and by other applicable law. 
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NOW, THEREFORE, the parties agree as follows: 

1. The Commonwealth agrees that, if the Government shall commence construc­

tion of the North Nashua River Channel Improvement Project, Fitchburg, ~.­

Massachusetts, substantially in accordance with Federal legislation 

authorizing such Project, Public Law 89-789, Title II, Section 203, the 

Commonwealth shall, in consideration of the Government commencing construc­

tion of such Project, fulfill the requirement of non-Federal cooperation 

in such legislation, to wit: 

a. Provide without cost to the United States all lands, easements, 

and rights-of-way necessary for the construction of the projects; provide 

necessary relocations and alterations to highways, roads, and highway 

bridges; relocate all utilities; and construct necessary interior drainage 

ditches. 

b. Hold and save the United States free from damages due to the 

construction, operation, and maintenance of the project except damages due 

to the fault of the United States or its contractors. 

c. Maintain and operate the project after completion in accordance 

with regulations prescribed by the Secretary of the Army. 

d. Prevent encroachments on improved channels. 

e. Comply with requirements of non-Federal cooperation specified in 

Sections 210 and 305 of Public Law 91-646, approved 2 January 1971, entitled 

the "Uniform Relocation Assistance and R"eal Property Acquisition Policies 

Act of 1970". 
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2. The Commonwealth hereby gives the Government a right to enter upon, at 

reasonable times and in a reasonable manner, lands which the Commonwealth 

owns or controls, for access to the Project for the purpose of inspection 

and for the purpose of completing, operating, repairing and maintaining the 

Project, if such inspection shows that the Commonwealth for any reason is 

failing to complete, repair and maintain the Project in accordance with the 

assurances hereunder and has persisted in such failure after a reasonable 

notice in writing by the Government delivered to Commonwealth officials. 

No completion, operation, repair and maintenance by the Government in such 

event shall operate to relieve the Commonwealth of responsibility to meet 

its obligations as set forth in paragraph 1 of this Agreement, or to pre-

elude the Government from pursuing any other remedy at law or equity. 

3. This Agreement is subject to the approval of the Secretary of the 

Army. 
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IN WITNESS WHEREOF, the parties hereto have executed this contract ,as 

of the day and year first above written. 

THE UNITED STATES OF AMERICA 

C lone1, Corps of Engineers 
ivision Engineer 

Contracting Officer 

For The Secretary of the Army 

Date I ~ 1'72 

THE COMMONWEALTH OF MASSACHUSETTS 
DEPARTMENT OF ENVIRONMENTAL 

QUALITY ENGINEERING 

·d~1 

~'3 -- / d:.~ ?7C 
Date __ ~cx~ ______ ' ____ ~ __ ~ ________ __ 

Governor 

I have reviewed the foregoing Agreement and have considered the effect 

of Section 221 of the Flood Control Act of 1970, Public Law 91-611, and I 

am satisfied that the Commonwealth ~an fully of 

said Agreement. 
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CERTIFICATION 

, certify that I .am Secretary of the Commonwealth, 

that 'rh&,nd'5 ~ ,A1'l: ~c>~t,I"'7 who signed this Agreement on behalf of the 

Acf,n.9 
Commonwealth, was then4 Commissioner of Environmental Quality Engineering; 

that said Agreement was 'duly signed for and on behalf of the Commonwealth, 

and that said Agreement is within the scope of his powers; and that Francis 

x. Bellotti was Attorney General of the Commonwealth at the time of his 

certification of this Agreement. 

I further certify that £d""ClI"c/ J. kf:y was Governor of ' 'is 

Commonwealth at the time of his approval of this Agreement. 

Secretary of the Commonwealth 

(Commonwealth Seal) 

...... 
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AGREEMENT BETWEEN 

TIlE cor .. UiOmw,AJ .... ru OF r·U\SSACJnJfi FT-'.t'S 

AND 

TnE CITY OF FITCHBURG 

FOR r..oCAL COOI''CM.TION AT 

FITCHBURG, HA~S1\CHUSr;T'rfi 

T!IIS 1'.r.nr:r:mrnT enter<1(' into this 25fb clay of (r~1 
197f) by an,,! Lot\"u~~n THE C01t'10rn":T:.J\I,,"rn O? ~ll'.F'f,J\c;rl'~71'1""'n (het't~.tnafter 

" 
callnd thp. • S ta t/~·), ;,cti ng b~' and through t.he Dt.~Ptl.r.t.!'~~nt of 

with the con~ent of the City Council, 

local cooperation at the Project. with thc! lIn.i t.ef ~ t ,:'\ t~,; of. 

J\rncrica (hereinnft~r called tho "Ccvcr.n~'~nt") antJ 

HHl:~prJ\S, the Ci ty hcroBy repronentn thD,t-, ~. t ;~iJ.:1 th~ 

by othar applicnl"ole lnH. 
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NOW, TTMREFORB, the partie. aqree as follows, 

1. ~le City 8qreoa that, if the Govftrnroent shall o~~nc~ 

construction ot ~ha North Nashua River Channel Improvement 

Projeot, Fitcbbl1r~, Ma"ftachuaetta, substantinlly :J.n Accordanee 

with Federal legisl.ation Authorizlnq such Project, 'Puhl!.c Lt\~1 

89-789, Title II, Section 203, the City shall, in consideration 

of the State's ontorinq into said similar agreeMent f.or local 

coopGrat,ion with thf' Gov~rnrnent, which ia 1ncorporat~d h~rAin 

by rete~ence and made a part hereof, fulfill the requlr~ment8 

of non-F~derl\l eoope~ati(')n in ouoh l('tqislation, to 'f41 t I 

a. Provide ~"ithout cost to thf.l f.tnt.(' .... 11 le:n(!~, 

ea8e~ent~, an.t riqht~-()P.-w~v n~e~~~;f:r.y ror. t'.he constrnctj.on of 

the pro1_cts, provido nOC(:H"CRar~' r.elocation,., nnd altoratin:-19 to 

hi9h~layc, rORds, and highl-'ay brid~e!f' relocnt~ 1\11 lltiltti.(;)S7 

and conntrn~t n(~Cf'~'(f~~r~' intorior rJr.aln~a~ i"lit:~h~~r&. 

1". l·o1ft nod sav~ the. f\t.1ltn free from <':'\';:'~\T-:"~ du~ to 

th~ con~t.r\'l~t:ton, onf!ration, 4"1nd m::d.nt.(\~Hlnc"-! ,..)~ "l-·~· l"'r0·i("a(~t 

OXC~lpt -r'1rJ.rUl*':r~n due t.o tho fnul t of thH ftntt.::- or lt~; C:0p.tr(1~tor:;. 

c. H.aintain and operate th(~ proj'_"ct .a:r-t:~:r c"'1'!'rl~tion 

in Ilncordance " ... d th rectulationa pros:cri ~.c.~ hy t:'.'<\ ~,:"crct\"'rv (').,r. the 

)\rMY. 

d. r-revftnt oncroachmonts on 1mprov('~d channeln. 

o. Comply with reqnir~f:1ent:" of non-i'edcT.f".ll cooperation 

spec! tied in Sectiona 210 nnrl 305 'Of Pnhlic Lat;.r 91-646, ttpprovcd 

2 January 1971, entitled th'3 -Uniform nelocati.()n '\s9istance and 

Real Property AC'lulsition PolioiAs 1\ct of 1970". 

2. The City hereby «Jives thv stato n right to fj,nter tlpon, 



"---
at: rcasollClbJc: t:imc·::; unc} In a rea!:jondble I1lanner, Lmds which the 

'. 
Ci ty o\"n~.> 0): cariLro] s, for dCCCS~; '-·<·l~ 

to the Project for thc:~ pllrpo~;e 

of insp~'c:Li on ~lnc1 for the purpose ,of (;ompll·!t:inCj, OPI.'!l:i1 Lj 119, 

rei::>airilllj ,:tlle"! Illilintaining the PJ:oje~:f:, if ?llch int.;pl2cLion !-..;llo'.oJ!,~ 

t hat the C.i. l..y for any r c u. son is fa i1 L 11 9 to c 0 Hlp 1. c t. e , r c lJ il.L ran d 

InFiintain t]'I1:~ Project in accordance \vith t.he'! (l[jsuraJlCC'S h(!r(~lmdl:!r 

ilnd has pc~r~;.L ~~tcd in such fai.lure after a'rca~)onable notice in 

writing by lh(~ Stat:e delivered to City officials. No cO!"ttpletion, 

operation, rr...!pclir ilnd maint(:!nance by thG S~~.',1te .i,',,~ such c:vcnt 

sh.,ll oper:-<.d:n to relieve t.he Cit:y of rcspon3ibil~.l:y t.O l:t::(~t its 

obligat.ioll:; a~,; set forth in paragraph 1 of thi;~ 1~~Jr:(~(,!Il1:'ll C, ot' to 

p.rt~clud(' Ll,:' ~:L;:-t te from purr-;uing any otber remedy ext l.T·.': or 

equity. 

3. ')111 i.:; 1~0T0ernc~nt is subject to the approvi'lJ. of L-:11~ 

aCjrec~m'-'n L' (1:. of the c1uy and year :f:irst. above vn:-.H:: i.~en. 

CITY OF FI'J'CHf:3tJRG 

J.S~/ ~/: Yd~-, .--.-... ----. -. -'--"- ,;.L._ .. -- .. ___ .. _____ . _ ... _L~. ___ , 
May cn- r-

~at:;~dl:~~ ~1~tSSi o:::t, J)"pdrtll1Cnt of 
EnvirolV1, I); d" Quali ty Engineer :Lng 

'\ 
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CERTIFICATION 

, certify that I am City Clerk, that 

~J)t1 v/cI //1, (~/'//JJ#l1 II" who signed this Agreement on behalf of the City, 

was then Mayor of the City of Fitchburg; that said Agreement was duly 

signed for and on behalf of the City, and that said Agreement is within 

the scope of his powers. 

(City Sea 1) 
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APPENDIX D 

INSPECTION REPORT FORM 



. ---..:. 

LOCAL FLOOD PROTECTION PROJECT INSPECTION RIPORT 
--~ -""" 

Proiect: I 

Maintaining Agency: 
I . -

Type Inspection: Semi -Annual Staff _90 Day Interim 

River Basin: Date of Inspection 

feature Sat UISI Deficiencies 

PUMPING STATIONS - STRUCTURES N/A 

INTERIOR 

EXTERIOR 

PUMPS - MOTORS - ENGINES N/ .... 

TRIAL OPERATED 

GENERAL CONDITION 

POWER SOURCE 

INSULATION TESTS 

METAL INTAKES/OUTLETS 

GATE VALVES 

GATES - DRAINAGE STRUCTURES N/A 
TRIAL OPERA TED 

GENERAL CONDITION 

LUBRICA TION 

DIKES - DAMS 

GENERAL CONDITION 

SLOPES/ EROSION 

SAND BOILS/ CAVING 

TRESPASSING 

SLOPE PROTECTION 

DRAINS 

. STOP-LOGS - LOG BOOM N/A 
CONDITION OF LOGS 

AVAILABILITY OF LOGS 

HIGHW A Y SLOTS ~ 

STORAGE FACILITIES 

CHANNELS - OUTLET WORKS CHANNEL 
~ 

BANKS 

OBSTRUCTION CONTROL 

FORM 
NED JAN. 66 51 3 



Feature Sat Unsat Deficiencies 
--

CONCRETE STRUCTURES 

SURFACE , -

SETTLEMENT : 

JOINTS 

DRAINS 

MISCELLANEOUS 

EMERGENCY OPERe PLAN 

EMERGENCY EQUIPMENT 

SEMI-ANNUAL REPORT 

Inspection Party: 

\ 

Photographs Taken: 

, 

Remarks & Additional Comments: 

( Indicate Here Observations, Diacu88ion8, Specific Feature 
Deficiencie s, Recommendations and any other pertinent information. 
Use Continuation Sheet if necessary. ) 

" 

X ALL APPLICABLE ITEMS. IF UNSAT INDICATE SPECIFIC DEFICIENCIES. INDICATE IF NOT APPLICABLE. 
-<II 

DATI INSPECTED BY: TYPED NAME a TITLE SIGNATURE 1 



'--

DESIGNATION OF SUPERINTENDENT 

Name of Project: __________________________ _ 

Location: 

MAINTAINING MUNICIPAL AGENCY: 

Agency: 

Address: -----------------
Tel. No. _________ _ 

"SUPERINTENDENT" - as required by Section 208.10 (a) (2), Chap II, Title 33 USC 

Name & Title: -------------------------------
Employed by: ____________________________________________________ __ 

Business Address: ---------------------------------------------
Business Tel. No.: ----------------------
Nights, Sundays, Address: 

Nights, Sundays, Tel. No.: 

Remarks: 

Signed: 
Title: 
Date: 

NOTE: To be submitted and updated as necessary by the responsible agency which will 
maintain and operate the works in accordance with regulations prescribed by 
the Secretary of the Army as required by law (Title 33, Chap. 208, Sec II, 
USC). 
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KEY 
@ Place 3~:rock slope pro ~I! c N,on ,,cor about 220 

teet ond remove shoClltn<} In fhe .some re9/on. 
(See 5h~ef No.5) 

@Remove loose stone wall above EI. 495 and rebuild 
cut slone wall in adjacent locolJon.(see sheef No.6) 

©aJl/7kond~fwh; cui slone wall onriohfbank ror 0 dislance 

l
As Built eraVli~;l; , '>EN£RAC Non: 

!'O~:r<lC'.NQ...P~l'W33-79.C.0074_1 
®AfcribsdesNo.Jond No.e/ 

Rr:?ngv~V~~:::Je~~:~o:~/~~ ~ 
dumped qramfe,Rep/,!ce eo::,! 
ramp ona west bonk wilh concre 
Rerrlove selecfively ond repoSi 
channel. Shoaling IS 10 be removed (See 

© RepOfrdoH(n.slreorn wing wall soufhSlde 
A/so repaIr I'I' rQP in rIVer bolfom. (See sht, 

@ Remo.ve Some forie slC?nes and r ('- r Ii r ffe 
fhf... nvc.rL,cAl.:nt St;,'!/m9 ,;: lobe O?n7oVed (5ee of' abouf 100 fee-/: Remove shoalin9 

@ Repair localized erOSIon down brtdQe sovlld CD At I?~uhl,f!l crossing resef forgeS/one creofing a unIform fdee 
then Imbed wel/groded lip- rap around large sfone.lf~' _ "f 2 2) ~ I, I -- '-.Prnnvp 
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KEY 

®COp concrefe wall on west bank So that its fop eleva/ions 
will be fhe Same as the rop elevatIons a/on'] e1'.;;i bonk wall. 
Pro vIde channel bottom 9rod1nq, (See s&eI No, I,!) 

@Remove about ?!5 0 feet ofconcrefe cribbin9 at crib stfes No. 
5 onrt N9.6 or}cf replace wifh concrefe I1.K1lls Remove shoa1m';l.(See 
(!fO~efh~oe;5f bonA. restore approxlmafely 110 feet Of 

wall; remove temporary sond dif\e and mafer/ol along bose 

-- ;-::"", ~-~~~ . 1!:<4 '('Ji#¥ Y'--' ,,,.,.., .. "'''',.:'''t'C~''. 
? ~ X~ , ~"~-'~ ::~'~:"~'~'~ ;;~.~ 

. ' .,. ~''""' .. ~ ~,(, 
,~, c '_- /.> ~~-"C 

;... .. f..;" .~ - ,'.' ~"", ;~ 
~,;'1. _';j., J~~,:,-''-~-~:''C:~~;'o':~. ~ .. _' ~ "'~,"r1 ,.,/-" I - _.,.--.~,JO:;:'.~~ 

.. -' .",,",,~~~~_ .':',','.~, t! ~' _". :c,.::~~(&t 
~ 

(f) Remove two mid-stream piers to concrele rQl)nd,dlon(pnor remO/7ed 

foof hridge)immediotely upsfream 01 th~ Ftflll...>lreef!Jndgf? Abut:. 
ment in easl bonk fo be refoined buf upper fwo coursesof' gmr;tie 
block 10 be pot'nh..J. 
7here qre 1!'.t/sl/ng high fenS/Oil lines} on 8'choln kn/r fe/l~-e orii7' Of} 
e/eyafed pipe/i.'-Je on the we51 bonk. 

~ 8:;j1 /'1 s;::;If/!on;/7;/1i/~ir::~v:;/~~~~;~~ 3g~J'j~.rr;s/:'~~;]{;7n'6;%urel 
rUbhlsh from soulh ban/( RernoveshoQ1/nq. L"hor/lle! he-Hom grodmq.(See sh~ef No. 13) 
@)Af crib site No. 7, {"ace crlbbingwitl) 0/.5 foof thick concrefe 
Veneer for olengfh of 2S0reet.(s,:e sheet No. 13) 

® Dele fed. o Resef P'<ec.es of broken si"on. 

boulders downslream of" powerservt'ce dam. 
(see sh~~f eE) 
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J:S..£.:r' 
@ Res~f large broken sfones in sfreon) imrneditJ/~JI;I 
downstream from BelllisRoadD::u7J,Plugtwoqote 
open,np'n mill race fnfl')j.,'E wdfJ cor."r,.,.I·-, (s~e 5r,~~rz!!.) 

IY) Reslon : bOI'JA.5 and rt'ver be-110m by fl-:;rJdtn9 and plt.7Cing 
S'lo/lc protection 017 tv/Ii ,ive:r bonK areo!> 

10;"(;; auf the rer:'O/f/¥ ",1 tho; t1M.o:nng Syphon Dan! and profect the 
corner, or {he eXIshn9 hudding_ A/sa IfTlprore the a"dlef of fhe e>tlsfinq 
COila/Info fhe nYIJr; Construct up Gnd downsfrerun rock st/Is 10 pr~v~ I'~ 
nverboffoll/ erOSIon. (See sheel Nos./4 (15) 

~ RelllU'vE: shooting. 
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NOTES: 
I. For(jirnensions 
and Reln£ See .sheef8 

2 Exposed ((Jet' of 
CtJl'ClW/e MIlA 10 uCten 
chsJfffl1i5IJoSSplC;(/~". 

t:-~flL EtM~! 1.1 11111/ III~III~IIII~ N 

t 

j Conerell! to be 
colored ""illl enw/sdied 
ct1r/)on /Jlocx q$ 

~peClf/~d. 

+ For e/eV(Jtlon of 
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No 2, He $heet 8 

jC 

"""J 

./ 
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'1' /1 
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NOTE 

r~:J- ------------ t -z;;;,tQII ""' lIigll vinyl C(u:red cl!qin /Ink 
fenc.~ QIQm~ top of" new cone. WQ!I wlfh 
9"/V. .chain and snop flook () ver 
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