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Introduction 
 

Most state dam safety programs include downstream floodplain development 
conditions, i.e., hazard classification, as a factor in the design flood spillway capacity 
requirements for a dam.  If there is no loss of human life or high value property envisioned, the 
design flood spillway capacity would be less than that for a dam with probable high value 
property loss and much less than that for a dam with probable loss of human life involved.  The 
design flood requirements are typically based on the downstream hazard classification existing 
at the time of permitting and construction of the dam. 
 Hazard creep occurs when new development downstream of an existing dam increases 
the hazard rating of the dam, with the typical result being a requirement from the state dam 
safety program for the dam owner to increase the discharge-storage capacity of the dam.  It is 
usually an expensive modification to increase the size of the spillway(s) and/or raise the crest 
of the dam.  Alternatives to minimize or avoid this problem include linking dam safety and 
floodplain regulations to limit the extent of future hazard creep, or purchase of downstream 
flowage easements to prevent future development.  Hazard creep cannot be ignored; it must 
be considered and controlled. 
 

Linked Dam Safety and Floodplain Regulations 
 
 The Association of State Dam Safety Officials (ASDSO) and the Association of State 
Floodplain Managers (ASFPM) are the acknowledged leading national organizations regarding 
dam safety and floodplain, respectively, regulations.  Both organizations were contacted in 
2002 to identify states that had linked regulations.  ASFPM indicated that Wisconsin was the 
principal, if not only, example of linked regulations.  Sarah Mayfield at ASDSO conducted a 
survey of all their member states, requesting they indicate whether a link exists between their 
state’s dam safety and floodplain management programs, as follows: (A) Both issues are 
combined into one program; (B) The programs are separate, but work together in issuing 
permits for downstream development; and (C) Neither ‘A’ nor ‘B’ applies.  The survey 
responses are repeated in their entirety as follows: 
 

AL As we complete development of our program we are trying for 'A' but will probably end up with 'B'. 
AK C 
AZ C 
AR  
CA C 
CO C 
CT  
DE C 
FL C 
GA C -- but is an issue in our state.  Also, is being addressed in a panel discussion at the SE Conference.  See agenda 



HI B -- Sterling Yong is in charge of both the State Dam Safety Program and the State Floodplain Management Program. 
ID C 
IA Iowa's dam safety and flood plain management programs are combined.  We can consider upstream dams when 

regulating downstream construction. 
IL I'm going to give you more than the one keystroke answer because I'm not sure of all the questions.  In Illinois we have 

the Department of Natural Resources, Office of Water Resources, Division of Water Resource Management, and 
various sections within that division.  The dam safety and the floodway construction permitting is done through one 
section.  The flood insurance program is administered by another section within the same division.  The dam safety and 
floodway construction permitting is accomplished under the authority of "The Rivers, Lakes and Streams Act" but each 
has a set of regulations that deal with the particular activity.  I hope that clarifies rather than confuses and answers the 
questions for which you are seeking responses.  If you need something more please let me know and I'll try to get it for 
you. 

IN C -- In our State the flood plain and dam safety programs are part of the same Division, so resources are shared. There 
is no statutory or rule link, however, which connects the issuance or conditioning of a downstream development permit 
to the presence of an upstream dam. 

KS  
KY A 
LA  
ME C 
MD Unfortunately, there are no regulatory controls that impact downstream development other than prohibiting new 

construction within the 100-year floodplain (actually 1 foot above the 100-year elevation).  The two sections work under 
the same regulations and within the same administration, but "hazard creep" is occurring partly because there are no 
development controls empowered to prohibit development within the dambreak zone and partly due to the lack of 
information (no modeling completed designating "danger reach" below many of the low hazard dams). 

MA C 
MI C 
MN C 
MS MS has not linked the programs, but we are trying to increase the level of cooperation. 
MO C 
MT C -- downstream development can occur without regard to the dam failure shadow. 
NE C 
NV C 
NH C 
NJ C 
NM C 
NY  
NC C 
ND C 
OH C 
OK C 
OR C -- It should be noted that (in the Willamette Valley) heavy development has occurred within the past 25 years in 

floodplains largely because flood control dams have been constructed to allow such development to occur without being 
flooded. 

PA C 
PR  
RI C 
SC C 
SD C 
TN C 
TX B 
UT C -- Utah has no connection with floodplain management and Dam Safety but there is a Stream Alteration regulatory 

program in the dam safety section that is tied to the USACOE 404 program. 
VT  
VA Virginia has no such program yet - but it is a serious concern.  We hope to provide flood inundation zone mapping to 

city/county planning departments to encourage exclusion of housing and risky economic development from the dam 
break inundation areas.  As the premier land conservation agency in Virginia, the Department of Conservation and 
Recreation, of which the Division of Dam Safety is a part, has been in the position of receiving donated lands or 
easements for the public good.  There are several such programs.  However, Dam Safety is encouraging easements or 



gifts of stream corridors below dams - perhaps with certain tax abatement inducements.  So far we are in the very early 
stages of exploring options of that type.  
 
Obviously, dedicated easements can stifle hazard creep! 

WA C 
WV C 
WI In Wisconsin the hazard rating of the dam is based on the existing land use and the land use controls (usually floodplain 

zoning) in place in the hazard area downstream of the dam.  The design criteria for the dam are then based on the 
dam's hazard rating.  Our Dam Safety and Floodplain programs are separate but obviously work closely together to 
accomplish their mutual objectives of proper development of flood hazard areas. 

WY C 
 
 This initial survey had an excellent response rate.  Of the 44 responses, six indicated a 
linkage in their regulations.  These were Hawaii, Iowa, Illinois, Kentucky, Texas, and 
Wisconsin.  Georgia had indicated no linkage in their response, but further investigation of their 
comments revealed there was a linkage.  A follow-up survey was made by the lead author to 
the above seven respondents; it posed a more specific query: “If some floodplain development 
would be proposed on a stream in your state that has an existing dam upstream of the 
development site, are there limitations imposed on the floodplain development to prevent 
‘hazard creep’ and the need for the dam owner to make improvements to the dam?” 
 Five responses (Georgia, Iowa, Illinois, Kentucky, and Wisconsin) were received to the 
follow-up survey.  Illinois and Kentucky indicated there were no limitations imposed on the 
downstream development, other than the standard requirement for new development to be 
located higher than the 100-year flood.  That would likely still result in an increased hazard 
rating for the dam, and the requirement to increase the discharge-storage capacity of the dam.  
Summary details of the three state programs that do have linkages between their dam safety 
and floodplain regulations follow, in alphabetical order: 
 
Georgia 
 Section 391-3-8-.03 of the Georgia Rules for Dam Safety states that:  
 

“When an existing Category II dam may be reclassified to a Category I dam because of proposed 
development downstream of the dam, the governing authority issuing the permit for development shall 
provide for review by the Safe Dams Program the following information. 

 
(a) location of the Category II dam and the proposed development; and 

 
(b) a surveyed cross-section of the stream valley at the location of the proposed development including 
proposed finished floor elevations; and 

 
(c) a dam breach analysis using the Dambreak computer model to establish the height of the floodwave 
in the downstream floodplain.  The dambreak modeling shall be completed by an engineer in accordance 
with the Safe Dams Program Quality Assurance Plan. 

 
If the Director determines that an existing Category II dam will be reclassified to a Category I dam if the 
proposed development occurs, then the owner of the existing Category II dam may request an inspection 
from the Director within ten (10) days of notification of the proposed development by the local governing 
authority.  The preliminary visual inspection shall be carried out in accordance with subsection (2) 
paragraph (b) and subsection (3), paragraph (d), subparagraph, (ii)(1) and (2) under Rule 391-3-8-.08.  
Detailed surveys, hydrologic and hydraulic analyses will not be performed, however, the Director may 
provide an opinion on the hydraulic adequacy of the dam. 

 



A written evaluation of the existing Category II dam’s compliance with Category I requirements will be 
provided to the owner of the dam and the local governing authority based on the preliminary visual 
inspection by the Safe Dams Program.” 

 
 Category I dams would have probable loss of life in the event of failure, Category II 
dams would not.  While the Georgia program does not provide specific limits on the 
downstream development, it does provide the means for the existing dam owner and 
downstream property developer to interact with each other and hopefully work together with 
the local development permitting authority. 
 
Iowa 

Section 71.7(4) of the Iowa Floodplain Development Approval Requirements states: 
“Buildings and associated fill adjacent to or downstream from impoundments.  Approval is required for 
new construction, additions, lowering, or reconstruction and associated fill as described in 71.7(1) without 
regard to the drainage area if the proximity of the building to a dam regulated by the department is as 
follows: 

 
(a) Adjacent to impoundment.  Approval is required for a building and associated fill adjacent to an 
impoundment if the lowest floor level including any basement is lower than the top of the dam; 

 
(b) Downstream from dam.  Approval is required for a building and associated fill downstream from a 
dam at any location where flooding can be reasonably anticipated from principal or emergency spillway 
discharges.  If the dam does not substantially comply with high hazard criteria in these rules, approval is 
required for a building and associated fill at any location where flooding can be reasonably anticipated 
from overtopping and failure of the dam.” 

 
Section 72.5(1) of Iowa’s Approval Criteria further states that minimum protection levels 

of these buildings shall be as follows:  
 

“(d) Buildings adjacent to an impoundment shall be protected to the elevation of the top of the dam 
unless the dam has adequate spillway capacity to discharge the flood corresponding to the damage 
potential of the building at an elevation below the top of the dam; 

 
(d) Buildings downstream from a dam shall be protected to a level established by the department after 

due consideration of the hazards posed by the dam for buildings downstream.” 
 
 The Iowa program thus has some latitude in setting the minimum protection level for 
development downstream of existing dams. 
 
Wisconsin 

Section 116.08 of Wisconsin’s Floodplain Management Program very specifically 
addresses existing dams, as follows: 
 

“Uses downstream of dams. (1) GENERAL. Adequately designed, constructed and maintained dams 
provide reduced damages and relief from flooding for developed areas.  Areas downstream of dams shall 
be zoned and regulated by municipalities with floodplain zoning ordinances in compliance with the 
standards in this section, to reduce potential loss of life and property located downstream of the dams. 
Except as provided in sub. (2), areas downstream of all dams shall be delineated on floodplain maps in 
accordance with s. NR 116.09 (1) (b) 5.  Flood studies and related mapping, completed and adopted prior 
to August 1, 2001, which calculated flood flow attenuation based on the existence of the dam structures 
within the contributing basin, may continue to use the dam in−place, no failure, profile. 

 



(2) EXEMPTIONS. All dams having a structural height of 6 feet or less, or a storage capacity of 15 acre 
feet or less, and all dams having a structural height of more than 6 feet but less than 25 feet with a 
storage capacity of less than 50 acre feet are exempt from the requirements of this section unless the 
department determines pursuant to s. 31.19, Stats., that the dam is likely to endanger life, health or 
property. 

 
(3) COMPLIANT DAMS. (a) A dam is considered compliant if all the following requirements are met: 

 
1. The dam is structurally adequate to meet the conditions in ss. NR 333.05 (2) (k) and 333.07 (3) (b). 
2. The dam is hydraulically adequate to meet the standards in s. NR 333.07 (1). 
3. The dam has been certified by a professional engineer, registered in Wisconsin, to meet the 

requirements of subds. 1. and 2. 
4. Written assurance of the dam owner’s ability to operate and maintain the dam in good condition is 

obtained from the dam owner. 
5. An emergency action plan to minimize loss of human life has been developed for the area 

downstream of the dam based on the assumption that the dam fails during the regional flood. 
6. The department reviews and approves the material submitted under subds. 1. to 5. 

 
(b) Developed areas downstream of compliant dams shall be zoned and regulated as follows: 

 
1. For high hazard dams, assuming that the dam is nonexistent during the regional flood. 
2. For significant or low hazard dams, assuming the dam fails during the regional flood. 

 
(c) Undeveloped areas downstream of a compliant dam shall be zoned and regulated assuming that 
the dam fails during the regional flood. 

 
(4) NONCOMPLIANT DAMS. (a) If an existing dam does not meet the standards in sub. (3) (a), the dam is 
considered noncompliant. 

 
(b) Both developed and undeveloped areas downstream of a noncompliant dam shall be zoned and 
regulated assuming that dam failure occurs during the regional flood. 

 
(c) The regional flood profile of the area downstream of the dam shall be calculated in accordance with 
s. NR 333.05 (2) (b). 

 
(5) CONSTRUCTION OF NEW DAMS. (a) Dams constructed after August 1, 2001, shall be considered 
compliant if the requirements in sub. (3) (a) are met. 

 
(b) Developed areas downstream of the construction of a new dam shall be zoned and regulated as if 
the dam does not exist until construction is 100% complete and all the conditions of sub. (3) (a) are met.” 

 
 The Wisconsin program thus requires local zoning measures that prevent hazard creep 
downstream of dams.  
 
Conclusions 
 In the initial survey, seven states gave responses indicating a linkage between their 
dam safety and floodplain programs.  Three of the five states responding to a follow-up, more 
pointed survey provided details on the linkages in their programs.   
 Wisconsin appears to have the most comprehensive linkages between their programs, 
reflective of their strong state government regulatory powers.  Iowa does have the capability to 
establish minimum protection levels for downstream developments.  Georgia promotes 
interaction between the downstream developer and the dam owner, within the context of 
“home rule” provisions that many states are faced with. 
  



Hopefully other states are moving in the direction of linking their dam safety and 
floodplain regulations. 
 

Downstream Flowage Easements 
 
 In the absence of floodplain land use regulations to limit downstream hazard creep, 
purchase of flowage easements is a positive means to address the problem.  This was 
considered as a possible solution at Bowen Lake Dam in southeastern Indiana, as a part of 
Burgess & Niple’s contract with the Indiana Department of Natural Resources to evaluate 
rehabilitation needs at six different dams.  Bowen Lake Dam is a 34-foot-high embankment 
dam with a 5-foot square drop inlet spillway.  The embankment is 385 long and has steeply 
sloping hillsides at either end.  Drainage area of the dam is 0.54 square miles, all within Clark 
State Forest, and the dam is located 1,000 feet from the forest boundary. 

This dam has a significant hazard classification but it was recognized for the study that 
there could be future development downstream of the dam.  The study scope therefore called 
for evaluation of the existing spillway capacity, with addition of an excavated emergency 
spillway [if needed to provide the 50 percent Probable Maximum Flood (PMF) capacity 
required for the significant hazard rating], plus purchase of downstream flowage easements in 
the area that would be inundated by failure during the PMF.  Purchase of such easements 
would then keep the hazard classification at the significant level. 
 
Existing Spillway Capacity 
 A spillway-rating curve was developed from construction plans and field survey 
information obtained at Bowen Lake, and included a combination of weir flow over the crest 
and full pipe flow through the outlet pipe.  HEC-1 runs were performed using the 6-hour 
Probable Maximum Precipitation (PMP) for 10 square miles with a SCS Type B Storm 
Distribution, as stated in the General Guidelines for New Dams and Improvements to Existing 
Dams in Indiana (IDNR, 2001).  HEC-1 was run using various ratios of the PMP ranging from 
0.2 to 1.0 to determine at what percent PMP the dam would be overtopped.  The results 
showed that the current principal spillway of Bowen Lake Dam will pass the 51 percent PMP 
event at the minimum top of dam elevation.  The dam thus meets the criteria for its significant 
hazard classification and does not require an emergency spillway for that hazard classification. 
 
Dam Failure Flowage Easements 

Failure parameters were determined for Bowen Lake Dam using Table 2: Suggested 
Breach Parameters for Indiana, on page 4.13 of “General Guidelines for New Dams and 
Improvements to Existing Dams in Indiana.”  The dam was considered to fail at the maximum 
water surface attained during the nonfailure PMF event.  The breach width was 138 feet (four 
times the dam height), and the breach side slope was 0H:1V.  The failure time was 0.5 hours.  
Cross sections were surveyed downstream of Bowen Lake Dam, the last one being near the 
New Chapel Church, approximately 10,000 feet downstream from the dam. 

A HEC-RAS unsteady state model was used to route the failure and nonfailure events 
downstream to New Chapel Church, including tributary inflows.  A base flow of 1,000 cubic feet 
per second (cfs) was used to satisfy stability requirements of the program.  The extent of the 
area flooded by failure of the dam is shown on Figure 1.  The inundation map further shows 
the added depth due to dam failure, in approximate 0.5-foot increments, through the area in 
private ownership downstream from the Clark State Forest property. 



The inundated area was measured to be 181 acres.  A contingency of 25 percent was 
added to allow for negotiations concerning other portions of the properties that may be “cut off” 
or otherwise considered limited in use, making the total area 230 acres.  $3,000 per acre was 
used as an estimated fair market value, and 33 percent of fair market value was used for the 
easement value in this analysis.  It was assumed there could be two different property owners 
involved.  The total costs for obtaining the flowage easements was estimated to be $250,000. 
 
Flowage Easements Cost-Effectiveness 
 Although not part of the contract scope for the Bowen Lake Dam rehabilitation needs 
investigation, an approximation of the construction costs for an emergency spillway to provide 
PMF total spillway capacity has been developed herein to indicate cost-effectiveness of the 
nonstructural flowage easement option.  Three of the other five dams in the rehabilitation study 
contract involved emergency spillways to meet the full PMF spillway capacity.  Pertinent data 
for these three dams is summarized in Table 1. 
 

Table 1 
Emergency Spillway Data 

 
  Name of Dam and Parameter Value  
Parameter Bear Lake Franke Lake Knob Lake 
 
Drainage Area – sq mi 0.48 0.35 0.29 
 
Top of Rock (TR) Elevation (1) 764.3 557.5 <664.6 (2) 

Normal Pool (NP) Elevation 766.8 552.5 672.5 

TR Minus NP – feet (2.5) 5.0 (>7.9) 

Emergency Spillway Capacity -% PMP 49 56 58 

Emergency Spillway Cost - $ 311,000 530,000 200,000 

Emergency Spillway Cost - $/sq mi 648,000 1,514,000 690,000 
 

(1) Bedrock elevation at proposed emergency spillway crest location. 
(2)  No rock encountered to limit of test boring. 
 
 Figure 2 was developed from the cost per square mile and percent PMP spillway 
capacity data in Table 1.  The cost curves take into account the existence/nonexistence of rock 
in the emergency spillway.  The emergency spillway capacity needed at Bowen Lake is 49 
percent PMP, the same as Bear Lake.  Based on its larger drainage area of 0.54 square miles, 
and assuming no rock excavation (the same as Bear Lake), the cost for an emergency spillway 
at Bowen Lake would be approximately $350,000.  The TR minus NP parameter at Bowen 
Lake, however, is 2.1 feet; meaning that some rock excavation might be encountered.  That 
could make the cost on the order of $650,000 (by interpolation between the two curves). 
 
Conclusion 
 Regardless of the amount of rock excavation for an emergency spillway to provide PMP 
total spillway capacity at Bowen Lake, the purchase of flowage easements to prevent future 
downstream development is more cost-effective.  It should be noted that the solution for 
Bowen Lake Dam has not been finalized; legal procedures and other aspects will need to be 
considered. 
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Figure 2 - Emergency Spillway Construction Cost as a Function of Percent PMP and Drainage Area
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