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1.0 PURPOSE AND OBJECTIVES 

 
Texas Municipal Power Agency (TMPA) owns and operates the Gibbons Creek 
Steam Electric Station (GCSES). The GCSES is located in unincorporated Grimes 
County, Texas.  The GCSES generates coal combustion residuals (CCR) that are 
subject to regulation under Title 40, Code of Federal Regulations, Part 257 (40 
CFR Part 257)(the CCR Rule). TMPA operates two CCR surface impoundments 
at the GCSES: 

(1) the Ash Ponds (APs); and 

(2) the Scrubber Sludge Pond (SSP). 
 

The CCR Rule requires that each CCR surface impoundment control storm water 
runoff from a design storm event. The return frequency of the design storm 
event depends on the hazard classification of the CCR surface impoundment. 
 
The CCR Rule requires that TMPA prepare the initial Inflow Design Flood (IDF) 
Control System Plan for each CCR surface impoundment no later than October 
17, 2016 in accordance with 40 CFR 257.82(c)(3)(i). The CCR Rule requires that 
TMPA review and update the IDF Control System Plan for each surface 
impoundment at five year intervals following completion of the initial IDF 
Control System Plan in accordance with 40 CFR 257.82(c)(4). 
 
The CCR Rule requires each owner and operator of a CCR Surface Impoundment 
to “…construct, operate, and maintain an inflow design flood control system…”. 
The IDF control system must adequately manage flow into and out of the CCR 
unit resulting from the IDF required for the corresponding CCR surface 
impoundment hazard potential classification designated in 40 CFR Part 
257.82(a)(3) and as determined in accordance with 40 CFR Part 257.73(a)(2). 
 
This document includes the initial IDF Control System Plan for the APs and for 
the SSP at the TMPA GCSES. 
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2.0 ASH POND INFLOW DESIGN FLOOD CONTROL SYSTEM PLAN 
 

This section is the initial IDF Control System Plan for the APs, including: 

 unit description; 

 process flow rates; 

 hazard potential classification; 

 design storm precipitation; 

 storm water runoff coefficient analysis; 

 stage-storage analysis; 

 design storm routing analysis; and 

 IDF control analysis.  
 

2.1 ASH PONDS UNIT DESCRIPTION 
 

The APs are three connected CCR surface impoundments constructed by TMPA 
in 1979 as part of the original GCSES plant construction. The APs are located on 
the GCSES site generally southeast of the GCSES electric power generation plant 
and west of Gibbons Creek Reservoir; see Figure 1.  
 
As shown on TMPA Drawing No. 15-C-235, dated January 16, 1979, the APs are 
three adjoining ponds separated by earthen dikes and hydraulic gates. Each of 
the three APs is shown to be approximately 1820 feet long and 250 feet wide at 
the dike crest interior top of bank. Each of the APs is shown to have a common 
dike crest elevation.  Each of the APs is shown to be approximately 20 feet deep 
from the dike crest to the pond bottom. Based on those dimensions, the total area 
inside the three APs is approximately 29.9 acres. The total area drained to the 
APs, including the interior and the dike crest areas, is approximately 34.8 acres.  
 
The APs receive and store bottom ash transport water overflow from hydrobins 
used to dewater the bottom ash CCR produced by the GCSES. The bottom ash 
transport water overflow contains CCR. Roughly the same flow rate and volume 
of water is pumped from the APs to the plant ash transport water system as the 
plant ash transport water system returns to the APs.  
 
TMPA records show that the APs received CCR prior to, on, and subsequent to 
October 14, 2015. Consequently, in accordance with 40 CFR 257.53, the APs are 
classified as “existing” CCR surface impoundments. 
 
TMPA records indicate that the elevation of the crest of parts of the APs eastern 
and northern dikes are above the elevation of the adjoining exterior ground 
surface. Consequently, in accordance with 40 CFR 257.53, the APs are not 
classified as an “incised” CCR surface impoundment. 
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The APs are listed as active solid waste management unit (SWMU), SWMU 006, 
on the Notice of Registration (NOR) for Solid Waste Registration (SWR) No. 
32271 issued to TMPA by the Texas Commission on Environmental Quality 
(TCEQ) on July 25, 2003. 
 

2.2 ASH PONDS PROCESS FLOW RATES 
 

The TMPA water balance shows that the APs can receive process flows from the 
following inlet process streams: 

 Plant Collection Pond 

 Plant Floor (Power Island) Drainage 

 Ultrafiltration System Blowdown 

 Reverse Osmosis Wastewater 

 Make-Up Demineralizer Wastewater 

 Treated Sewage Wastewater 

 Scrubber Sludge Pond 

 Boiler Blowdown 

 Metal Cleaning 

 SAL/SFL Stormwater/Leachate 

 Dewatering Bins Overflow 

 Service Water System Overflow 
 

The TMPA water balance shows that the APs can discharge process flows via the 
following process streams: 

 Ash Pond Discharge to Outfall 001; and 

 Ash Pond water to bottom transport system. 
 

A summary of APs process flows and flow rates used for the IDF control analysis 
is shown in Table 1.  
 

2.3 ASH PONDS HAZARD POTENTIAL CLASSIFICATION 
 
CCR surface impoundment hazard potential is required to be classified in 
accordance with 40 CFR 257.53. Hazard potential classification of the APs is 
based on TMPA assessment of the potential for loss of life, economic loss, 
environmental damage, disruption of lifeline facilities, or impact other concerns 
in accordance with 40 CFR 257.73(a)(2) and 257.73(f). TMPA will document 
hazard potential classification of the APs in a separate report. 
 
For the purpose of this IDF Control System Plan analysis, it is assumed that 
TMPA will classify the APs as “Low” hazard potential.  
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2.4 ASH PONDS DESIGN STORM PRECIPITATION 
 
Design storm precipitation data for a range of 100-year storm durations were 
obtained from Technical Paper No. 40 and Technical Paper No. 49 published by 
the U.S. Weather Bureau. A summary of the precipitation data is shown in  
Table 2. 
 

2.5 ASH PONDS STORMWATER RUNOFF COEFFICIENT ANALYSIS 
 

The volume of stormwater drained to the APs Pond during the design storm was 
calculated using the rational formula: 
 

Q = C x Pt x A 
 
Where: 
 

Q = flow rate, cubic feet per second 
C = stormwater runoff coefficient 
Pt = precipitation for the corresponding design storm duration  
A = drainage area 

 
While the total drainage area is constant for any water stage in the APs, the part 
of the total area that is subject to direct precipitation (i.e. the pond water surface) 
and the area of exposed dike crest and side slopes vary with pond stage. As a 
result, the value of the area-weighted value of the stormwater runoff coefficient 
(the composite value of C, or Cc) varies with APs water stage.  
 
TMPA data used and the results of calculations of the value of the composite 
stormwater runoff coefficient are shown in Table 3. The values of the composite 
storm water runoff coefficient as a function of normal dry weather (NDW) 
freeboard are shown on Figure 2. A utility in Microsoft “Excel” was used to 
calculate a second-order polynomial formula, as a best fit approximation of that 
relationship for use in the APs design storm water routing described below.  
 

2.6 ASH PONDS STAGE-STORAGE ANALYSIS 
 
The APs were not constructed with an emergency spillway to control overflow 
from the APs at a stage above the minimum 6-inch freeboard below the 
perimeter dike crest. Therefore, in order to prevent uncontrolled flow over the 
AP perimeter dikes, the volume of water contained in the APs above the NDW 
freeboard needs to be equal or less than the maximum volume of process water 
and stormwater received, less the volume of process water pumped from the SSP 
to the APs, and less a top surface freeboard of at least six inches when filled by 
water accumulated during the design storm. 
 
TMPA data used to model the variation of the capacity above a range of NDW 
water surface and below the 6-inch minimum freeboard are shown in Table 4. 
The APs dike crest was assumed to be a single and constant overflow elevation. 
A reserve 6-inch minimum freeboard was assumed to account for uncertainty in 
dike crest elevation and wave action.  
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A plot of the stage-storage relationship is shown in Figure 3. A utility in 
Microsoft “Excel” was used to calculate a second-order polynomial formula, also 
shown on Figure 3, as a best fit approximation of that relationship for use in the 
design storm water routing described below. 
 

2.7 ASH PONDS DESIGN STORM ROUTING ANALYSIS 
 
The process and stormwater runoff flow volumes of each inflow and outflow 
stream were calculated for a range of design storm durations assuming a NDW 
freeboard level at the beginning of the storm. Those results were used to 
calculate the total volume of the stormwater to be contained in the APs for the 
corresponding duration. The volume of water contained above the NDW 
freeboard and the minimum 6-inch freeboard was calculated using the 
relationship obtained in the stage-storage relationship. The trial APs NDW 
freeboard level was adjusted until the net volume of process water and 
stormwater equaled the volume of water contained between the NDW freeboard 
and the 6-inch minimum freeboard for the corresponding design storm duration.  
 
A summary of the APs 100-year design storm routing data and calculations are 
shown in Table 5. A plot of the NDW freeboard is shown on Figure 4. The 
maximum APs NDW freeboard required below the dike crest to contain the net 
process and 100-year design storm streams with no CCR solids in the storage 
space that would otherwise displace accumulated water is 2.0 feet. A summary 
of values used in the AP design storm routing analysis is presented in Appendix 
A, Table A-1.  
 

2.8 ASH PONDS INFLOW DESIGN FLOOD CONTROL ANALYSIS 
 
Based on TMPA data and published precipitation data, the APs can contain 
inflow from process streams and stormwater runoff from the 100-Year design 
storm with a 6-inch freeboard below the dike crest if the NDW water surface and 
the top surface of CCR solids in the APs are maintained at or below a level 2.0 
feet below the APs dike crest.  
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3.0 SCRUBBER SLUDGE POND INFLOW DESIGN FLOOD CONTROL SYSTEM 
PLAN 
 
This section is the initial IDF Control System Plan for the SSP, including: 

 unit description; 

 process flow rates; 

 hazard potential classification; 

 design storm precipitation; 

 storm water runoff coefficient analysis; 

 stage-storage analysis; 

 design storm routing analysis; and 

 IDF control analysis.  
 

3.1 SCRUBBER SLUDGE POND UNIT DESCRIPTION 
 
The SSP is a CCR surface impoundment constructed by TMPA in 1978 as part of 
the original GCSES plant construction. The SSP is located on the GCSES site 
generally south of the GCSES plant and west of the APs; see Figure 1.  
 
The northern part of the SSP eastern dike adjoins the APs. The southern part of 
the SSP eastern dike adjoins undeveloped land. The SSP northern dike adjoins 
the coal pile storage area. The SSP southern dike adjoins a plant site drainage 
channel.  The SSP western dike adjoins the plant collection pond and 
undeveloped land.  
 
As shown on TMPA Drawing No. 11-C-019.1 dated April 16, 1987 the SSP is 
approximately 20 feet deep from the crest of the dike to the bottom. Based on the 
dimensions shown on the TMPA drawing, the total area inside the SSP is 
approximately 7.3 acres. The total area drained to the SSP, including the interior 
and the dike crest areas, is approximately 7.9 acres. 
 
TMPA records show that the SSP received CCR prior to, on, and subsequent to 
October 14, 2015.  Consequently, in accordance with 40 CFR 257.53, the SSP is 
classified as an “existing” CCR surface impoundment.  
 
The elevation of the crest of parts of the SSP southern dike is above the elevation 
of the adjoining exterior ground surface. Consequently, in accordance with 40 
CFR 257.53, the SSP is not classified as an “incised” CCR surface impoundment.  
 
The SSP is listed as an active Solid Waste Management Unit, SWMU 004, on the 
NOR for SWR No. 32271 issued to TMPA by the TCEQ dated July 25, 2003. 
 



Environmental Resources Management   0336706\A8230 Rpt.doc 
Texas Registered Engineering Firm F-2393 
Texas Board of Professional Geoscientist Firm 50036  

7

3.2 SCRUBBER SLUDGE POND PROCESS FLOW RATES 
 
The TMPA water balance shows that the SSP receives process flow from the 
Scrubber Purge Treatment system, and that water is pumped from the SSP to the 
APs as determined necessary by TMPA. A summary of SSP process flow sources 
and flow rates used for the IDF control analysis is shown in Table 6.  
 

3.3 SCRUBBER SLUDGE POND HAZARD POTENTIAL CLASSIFICATION 
 
CCR surface impoundment hazard potential is classified in 40 CFR 257.53. 
Hazard potential classification of the SSP is based on TMPA assessment of the 
potential for loss of life, economic loss, environmental damage, disruption of 
lifeline facilities, or impact of other concerns in accordance with 40 CFR 
257.73(a)(2) and 257.73(f). TMPA will document hazard potential classification of 
the SSP in a separate report. 
 
For the purpose of this IDF Control System Plan analysis, it is assumed that 
TMPA will classify the SSP as “Low” hazard potential.  
 

3.4 SCRUBBER SLUDGE POND DESIGN STORM PRECIPITATION 
 
Design storm precipitation data for a range of 100-year storm durations were 
obtained from Technical Paper No. 40 and Technical Paper No. 49 published by 
the U.S. Weather Bureau. A summary of the precipitation data is shown in  
Table 2. 
 

3.5 SCRUBBER SLUDGE POND STORMWATER RUNOFF COEFFICIENT 
ANALYSIS 
 
The volume of stormwater drained to the SSP during the design storm was 
calculated using the rational formula: 
 

Q = C x Pt x A 
 
Where: 

 
Q = flow rate, cubic feet per second 
C = stormwater runoff coefficient 
Pt = precipitation for the corresponding design storm duration  
A = drainage area 

 
While the total drainage area is constant for any water stage in the SSP, the part 
of the total area that is subject to direct precipitation (i.e. the pond water surface) 
and the area of exposed dike crest and side slopes vary with pond stage. As a 
result, the value of the area-weighted value of the stormwater runoff coefficient 
(the composite value of C, or Cc) varies with the SSP water stage.  
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TMPA data used and the results of calculations of the value of the composite 
stormwater runoff coefficient are shown in Table 7. The values of the composite 
storm water runoff coefficient as a function of NDW freeboard are shown on 
Figure 5. A utility in Microsoft “Excel” was used to calculate a third-order 
polynomial formula, also shown on Figure 5, as a best fit approximation of that 
relationship for use in the SSP design storm water routing described below.  
 

3.6 SCRUBBER SLUDGE POND STAGE-STORAGE ANALYSIS 
 
The SSP was not constructed with an emergency spillway to control overflow of 
the SSP at a stage above the minimum 6-inch freeboard below the dike crest. 
Therefore, in order to prevent uncontrolled flow over the SSP dike crest, the 
volume of water contained in the SSP above the NDW freeboard needs to be 
equal or less than the maximum volume of process water and stormwater 
received, plus the volume of process water pumped from the SSP to the APs, and 
less a top surface freeboard of at least six inches when filled by water 
accumulated during the design storm. 
 
TMPA data used to model the variation of the capacity above a range of NDW 
water surface and below the 6-inch minimum freeboard are shown in Table 8. 
The SSP dike crest was assumed to be a single and constant overflow elevation. 
A reserve 6-inch minimum freeboard was assumed to account for uncertainty in 
dike crest elevation and wave action.  
 
A plot of the stage-storage relationship is shown in Figure 6. A utility in 
Microsoft “Excel” was used to calculate a third-order polynomial formula, also 
shown on Figure 6, as a best fit approximation of that relationship for use in the 
SSP design storm water routing described below. 
 

3.7 SCRUBBER SLUDGE POND DESIGN STORM ROUTING ANALYSIS 
 
The volume of each SSP process and stormwater inflow and process outflow 
stream was calculated for a range of design storm durations assuming a trial 
NDW freeboard level at the beginning of the storm. Those results were used to 
calculate the total volume of the stormwater to be contained in the SSP for the 
corresponding duration.  
 
The volume of water contained above the NDW freeboard and the minimum 6-
inch freeboard was calculated using the relationship obtained in the stage-
storage relationship. The trial SSP NDW freeboard level was adjusted until the 
net volume of process water and stormwater equaled the volume of water 
contained between the NDW freeboard and the 6-inch minimum freeboard for 
the corresponding design storm duration.  
 
A summary of the SSP 100-year design storm routing data and calculations are 
shown in Table 9. A plot of the NDW freeboard is shown on Figure 7. The 
maximum SSP NDW freeboard required below the dike crest to contain the net 
process and 100-year design storm streams with no CCR solids in the storage 
space that would otherwise displace accumulated water is 1.6 feet. A summary 
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of values used in the SSP design storm routing analysis is presented in Appendix 
A, Table A-2. 
 

3.8 SCRUBBER SLUDGE POND INFLOW DESIGN FLOOD CONTROL ANALYSIS 
 
Based on TMPA data and published precipitation data, the SSP can contain the 
net inflow from process streams and stormwater runoff from the 100-Year design 
storm with a 6-inch freeboard below the dike crest if the NDW water surface and 
the top surface of CCR solids in the SSP are maintained at or below a level 1.6 
feet below the SSP dike crest. 
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5.0 REFERENCES 
 
Information used for this IDF Control System Plan for the APs and SSP are from 
TMPA and public sources as listed below and included in Appendix B. 
 

5.1 TMPA DOCUMENTS 
 
The following TMPA documents were used as sources of information used for 
this IDF Control System Plan for the APs and SSP. 
 
B&V 1987 Ash Pond Study, Black and Veatch, Project No. 13957, File 

No. 13957.40.1000, October 5, 1987. 
 
CDS/Muery 2003 Aerial Survey, CDS/Muery Services, Inc. September 15, 

2003. 
 
ERM 2010 Industrial Wastewater Permit and Major Amendment 

Application, ERM, TPDES Permit, Permit No. 02120, ERM 
Project No. 0115940, Report No. 15387H, September, 2010. 

 
Morris 1982 Morris Instruction Manual 022C, Morris Pumps, Inc., 

December 20, 1982. 
 
NSS 1983 Sludge Pond Study, Gibbons Creek Steam Electric Station, 

Grimes County, Texas, Job No. D-76602-52, NFS/National 
Soil Services, Inc. October 21, 1983. 

 
T&G 1977a Sections, Site-Grading, Gibbons Creek S.E.S. Unit No. 1, 

Texas Municipal Power Agency, Drawing No. C-230-003, 
Tippet & Gee, Inc., April 21, 1977, revised October 28, 1977.  

 
T&G 1978a Plant Site Layout, Gibbons Creek S.E.S. Unit No. 1, Texas 

Municipal Power Agency, Drawing No. C-230-001, Tippet 
& Gee, Inc. April 21, 1977, revised May 14, 1978.  

 
T&G 1979a Ash Ponds – Drop Inlets & Culvert Plans & Sections, 

Gibbons Creek S.E.S. Unit No. 1, Texas Municipal Power 
Agency, Drawing No. 15-C-235, Tippet & Gee, Inc. January 
16, 1979, revised August 16, 1979.   

 
T&G 1981a Ash Ponds – Drop Inlets & Culvert Sections & Details, 

Gibbons Creek S.E.S. Unit No. 1, Texas Municipal Power 
Agency, Drawing No. 15-C-236, Tippet & Gee, Inc. June 1, 
1979, revised June 25, 1981. 

 
TMPA 1989 FGD Area Plan, Concrete Paving Additions, Drawing No. 

15-C-215, Texas Municipal Power Agency, May 5, 1988, 
Last Revised November 17, 1989. 
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TMPA 2000 Sludge Pond, Gibbons Creek S.E.S. Unit No. 1, Texas 
Municipal Power Agency, Drawing No. 11-C-019.3, Texas 
Municipal Power Agency, February 15, 2000. 

 
URS 2011 Scrubber Refurbishment Project 19-C-264, Dewatering 

Area Paving, Drawing No 19-C-254, URS, April 2, 2009, 
Revised June 1, 2011. 

 
TMPA 2013 TMPA Water Balance Diagram, ERM Drawing No 10-C-

301, September 24, 2010, Revised by Texas Municipal 
Power Agency, August 15, 2013. 

 
5.2 PUBLIC SOURCE DOCUMENTS 

 
The following public source documents were used as sources of information 
used for this IDF Control System Plan for the APs and Scrubber Sludge Pond. 

 
NWS 1978 Hydrometeorological Report No. 51, Probable Maximum 

Precipitation Estimates, United States East of the 105th 
Meridian, National Oceanic and Atmospheric 
Administration, June 1978. 

 
USWB 1961 Technical Paper No. 40, Rainfall Frequency Atlas of the 

United States for Durations from 30 Minutes to 24 Hours 
and Return Periods from 1 to 100 Years, U.S. Department 
of Commerce, Weather Bureau, 1961, Rev. January 1963. 

 
USWB 1964 Technical Paper No. 49, Two- to Ten-Day Precipitation for 

Return Periods of 2 to 100 Years in the Contiguous United 
States, U.S. Department of Commerce, Weather Bureau, 
1964. 
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Stream Description Inflow/
(Outflow)

Process Flow 
Rate
kgpd

Source/Comments

1 Ash Pond Direct Precipitation Inflow 0 No process flow.

2 Ash Pond Perimeter Storm Water Runoff Inflow 0 No process flow.

3 Gypsum Pile Stack Out Runoff Inflow 0 No process flow.

4 Plant Collection Pond Inflow 0 No inflow assumed during the design storm event.

5 Plant Floor (Power Island) Drainage Inflow 0 No process flow.

6 Ultrafiltration System Blowdown Inflow 7 From TMPA water balance; see Note 1.

7 Reverse Osmosis Wastewater Inflow 38 From TMPA water balance; see Note 1.

8 Make-Up Demineralizer Wastewater Inflow 1.6 From TMPA water balance; see Note 1.

9 Treated Sewage Wastewater Inflow 2 From TMPA water balance; see Note 1.

10 Scrubber Sludge Pond Inflow 144 No inflow from SSP assumed during the first day.

11 Boiler Blowdown Inflow 60 From TMPA water balance; see Note 1.

12 Metal Cleaning Inflow 0 No inflow assumed during the design storm event.

13 SAL/SFL Stormwater/Leachate Inflow 0 No inflow assumed during the design storm event.

14 Ash Pond Discharge to Outfall 001 Outflow -3440 See Note 2.

15 Ash Pond water to bottom transport system Outflow -72 Assumed equal to ATW return flow to the Ash Ponds.

16 Dewatering Bins Overflow Inflow 72 Assumed equal to ATW supply flow from the Ash Ponds.

17 Service Water System Overflow Inflow 0 From TMPA water balance; see Note 1.

Abbreviations and Acronyms
AP Ash Pond

ATW Ash Transfer Water
kgpd thousand gallons per day
SAL Site A Landfill
SFL Site F Landfill

Notes
1.  From 2013 revised facility water balance, TMPA Drawing No 10-C-301, August 15, 2013.
2.  Maximum daily flow according to TPDES Permit Renewal Application (Permit No. 02120, ERM Project No. 0115940 and Report No. 15387H) dated

September 2010.

TABLE 1

Ash Pond Process Flow Rates

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Environmental Resources Management  0336706\A8230



Total
Precipitation Source1,2

hours days inches

12 0.5 9.8 Chart 42, TP-40, p. 49
24 1 11.5 Chart 49, TP-40, p. 56

2 13.0 Figure 17, TP-49, p. 11

4 15.0 Figure 23, TP-49, p. 17

7 16.7 Figure 29, TP-49, p. 22

Notes
1.  "TP-40" data are from the indicated part of "Technical Paper 
     No. 40", U.S. Weather Bureau, 1961, Rev. January 1963.

2.  "TP-49" data are from the indicated part of "Technical Paper 
     No. 49", U.S. Weather Bureau, 1964.

Storm
Duration

TABLE 2

100-Year Design Precipitation

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Environmental Resources Management  0336706\A8230



Depth 
Below 
Dike 
Crest     

Total 
Drainage 

Area
(At)1

Pond Length 
At Depth 

Below Dike 
Crest (Lw)2,3

Pond Width  
At Depth 

Below Dike 
Crest (Ww)2,3

Water Surface 
Area At Depth 

Below Dike 
Crest (Aw)4

Open Water 
Storm Water 

Runoff Coeff. 
(Cw)5

Slope Area At 
W.S. Depth 
Below Dike 
Crest (As)6

Slope Area 
Storm Water 

Runoff Coeff. 
(Cs)5

Composite 
Storm Water 

Runoff Coeff. 
(Cc)7

vf acres lf lf acres in/in acres in/in in/in

0 1,820 245 30.7 4.1 0.96

0.5 1,817 242 30.3 4.5 0.96

1 1,814 239 29.9 4.9 0.96

2 1,808 233 29.0 5.8 0.95

3 1,802 227 28.2 6.6 0.94

4 1,796 221 27.3 7.5 0.94

Abbreviations and Acronyms
cf cubic feet

Coeff. coefficient
in/in inches per inch

lf linear feet
sf square feet
vf vertical feet

W.S. water surface

Notes
1.  Data and calculations of the total drainage area are shown on Table A-1.
2.  The length and width at the dike crest of each Ash Pond is from Dwg. No. 15-C-235, Rev. 1, Tippet & Gee, Inc., 8/16/1977.
3.  The length and width of each Ash Pond at the depth below dike crest is based on the 3H:1V side slope calculated from 

dimensions and elevations shown on Dwg. No. 15-C-235, Rev. 1, Tippet & Gee, Inc., 8/16/1977.
4.  Aw = Lw*Ww/(43,560 sf/acre).
5.  Runoff coefficient sources are shown on Table A-1.
6.  As = At-Aw.
7.  Cc = (Cw*Aw+Cs*As)/(Aw+As).

34.8 1.00 0.70

TABLE 3

Ash Ponds Stage-Composite Runoff Coefficient

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Environmental Resources Management  0336706\A8230



Depth 
Below 
Dike 
Crest

(h)     

Each Pond 
Length At 
Dike Crest

(a)1

Each Pond 
Width At 

Dike Crest
(b)1

Length At 
Depth Below 

Dike Crest
(c)2

Width At 
Depth Below 

Dike Crest
(d)2

Total Volume 
Below Dike 

Crest, All Ash
Ponds3

Below 0.5-ft. 
Freeboard, All 

Ash
Ponds4

vf lf lf lf lf MMgal MMgal

0 1,820 245 1,820 245 0.0 0.0

0.5 1,817 242 5.0 0.0

1 1,814 239 9.9 4.9

2 1,808 233 19.5 14.5

3 1,802 227 28.8 23.8

4 1,796 221 37.8 32.8

Abbreviations and Acronyms
cf cubic feet
lf linear feet

MMgal million gallons
vf vertical feet

Notes
1.  The length and width at the dike crest of each Ash Pond is from Dwg. No. 15-C-235, Rev. 1, 

Tippet & Gee, Inc., 8/16/1977.
2.  The length and width of each Ash Pond at the depth below dike crest based on 3H:1V side slope

calculated using dimensions and elevations shown on Dwg. No. 15-C-235, Rev.,
Tippett & Gee, Inc., 8/16/1977.

3.  The total volume of all three Ash Ponds was calculated as the product of
(h/6)*(a*b+(a+c)*(b+d)+c*d) multiplied by 3 (the number of identical Ash Pond), and converted
to units of million gallons by multiplying by 7.48 gallons per cubic feet and dividing by
1,000,000.

4.  The total volume below 0.5-foot freeboard was calculated as the total volume below the dike crest
at that depth minus the total volume in the one-foot freeboard to account for uncertainty in dike
crest elevation and wave action.

TABLE 4

Ash Ponds Stage Storage Data

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Environmental Resources Management  0336706\A8230



Process 
Flow Rate1

Runoff 
Coefficient

Drainage 
Area

AP NDW 
Freeboard6

Total 
Precip.7

Total 
Volume8

AP NDW 
Freeboard6

Total 
Precip.7

Total 
Volume8

AP NDW 
Freeboard6

Total 
Precip.7

Total 
Volume8

AP NDW 
Freeboard6

Total 
Precip.7

Total 
Volume8

Stream Description kgpd in/in acres vf in. MMgal vf in. MMgal vf in. MMgal vf in. MMgal

1 Ash Pond Direct Precipitation2 Inflow 0 1.00 30.7 1.9 9.8 8.8 1.9 11.5 10.3 1.9 13.0 11.7 1.5 15.0 13.5

2 Ash Pond Perimeter Storm Water Runoff2 Inflow 0 0.70 4.1

3 Gypsum Pile Stack Out Runoff3 Inflow 0 0.90 1.4 ----- 0.3 ----- 0.4 ----- 0.4 ----- 0.5

4 Plant Collection Pond Inflow 0 0 0 ----- 0.0 ----- 0.0 ----- 0.0 ----- 0.0

5 Plant Floor (Power Island) Drainage4 Inflow 0 0.95 22.3 ----- 5.6 ----- 6.6 ----- 7.5 ----- 8.6

6 Ultrafiltration System Blowdown Inflow 7 0 0 ----- 0.0 ----- 0.0 ----- 0.0 ----- 0.0

7 Reverse Osmosis Wastewater Inflow 38 0 0 ----- 0.0 ----- 0.0 ----- 0.1 ----- 0.2

8 Make-Up Demineralizer Wastewater Inflow 1.6 0 0 ----- 0.0 ----- 0.0 ----- 0.0 ----- 0.0

9 Treated Sewage Wastewater Inflow 2 0 0 ----- 0.0 ----- 0.0 ----- 0.0 ----- 0.0

10 Scrubber Sludge Pond5 Inflow 144 0 0 ----- 0.0 ----- 0.0 ----- 0.1 ----- 0.4

11 Boiler Blowdown Inflow 60 0 0 ----- 0.0 ----- 0.1 ----- 0.1 ----- 0.2

12 Metal Cleaning Inflow 0 0 0 ----- 0.0 ----- 0.0 ----- 0.0 ----- 0.0

13 SAL/SFL Stormwater/Leachate Inflow 0 0 0 ----- 0.0 ----- 0.0 ----- 0.0 ----- 0.0

14 Ash Pond Discharge to Outfall 001 Outflow (3,440) 0 0 ----- (1.7) ----- (3.4) ----- (6.9) ----- (13.8)

15 Ash Pond water to bottom transport system Outflow (72) 0 0 ----- (0.0) ----- (0.1) ----- (0.1) ----- (0.3)

16 Dewatering Bins Overflow Inflow 72 0 0 ----- 0.0 ----- 0.1 ----- 0.1 ----- 0.3

17 Service Water System Overflow Inflow 0 0 0 ----- 0.0 ----- 0.0 ----- 0.0 ----- 0.0

13.1 14.0 13.1 9.8

13.1 14.0 13.1 9.8

Abbreviations and Acronyms
AP Ash Pond No. Number
ID identification Precip. precipitation
in. inches SAL Site A Landfill

in/in inches per inch SFL Site F Landfill
kgpd thousand gallons per day vf vertical feet

MMgal million gallons yr year
NDW normal dry weather

Notes

6.  The AP NDW Freeboard was selected to produce a volume above the NDW equal the Total Inflow for the corresponding design storm duration. The AP NDW Freeboard includes 0.5-foot freeboard at the maximum storage volume to contain 
     wave run-up. 

7.  Total precipitation for the design storm duration indicated; see Table 2. 

8.  Total Volume is the sum of the Process Flow and the stormwater runoff calculated using the composite runoff coefficient calculated using the indicated AP NDW Freeboard and the Stage-Composite Runoff Coefficient relationship developed using 
     data shown on Table 3 and shown on Figure 2.

9.  The total volume contained above the AP NDW Freeboard Level and below the 0.5-foot freeboard level at the indicated total volume based on data in Table 4 and as shown on Figure 3. 

1.  Process flow rates are from Table 1.
2.  AP runoff coefficients and exposed areas were used to calculate composite runoff coefficient; see Table 3 and Figure 1.

3.  The storm water runoff coefficient is based on surface cover type in drawing 15-C-215, TMPA, November 17, 1989 . The drainage area is based on the drainage area stated in TPDES Permit Renewal Application 
     for Permit No. 02120, ERM Project No. 0115940, Report No. 15387H, September 2010.

4.  The storm water runoff coefficient is based on the surface cover stated on the unit construction drawings. The drainage area is from TPDES permit application. 
5.  No transfer from the SSP to the APs assumed during the first day of the design storm.

Total Inflow

Total Volume Contained Below 0.5-Foot Minimum Freeboard 9

1-Day Storm Event 2-Day Storm Event12-Hour Storm Event

Inflow/  
(Outflow)

Storm Water Runoff 4-Day Storm

TABLE 5

Ash Pond Design Flood Inflow Rates, 100-Year Storm

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Environmental Resources Management  0336706\A8230



Process Flow 
Rate1

Stream Description kgpd Source/Comments

1 SSP Direct Precipitation Inflow 0 No process flow.

2 SSP Perimeter Storm Water Runoff Inflow 0 No process flow.

3 Scrubber Purge Treatment System Discharge Inflow 0 No process flow assumed during the design storm.

4 SSP Pumped Transfer to Ash Ponds (Outflow) (144) No transfer to the APs assumed during the first day of the design storm.

Abbreviations and Acronyms
AP Ash Pond

kgpd thousand gallons per day
SSP Scrubber Sludge Pond

Notes
1.  From 2013 revised facility water balance, TMPA Drawing No 10-C-301, August 15, 2013.

Inflow/
(Outflow)

TABLE 6

Scrubber Sludge Pond Process Flow Rates

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Environmental Resources Management  0336706\A8230



Depth 
Below 
Dike 
Crest     

Total 
Drainage 

Area
(At)1

Pond Length 
At Depth 

Below Dike 
Crest (Lw)2,3

Pond Width 1 
At Depth 

Below Dike 
Crest (Ww1)2,3

Pond Width 2 
At Depth 

Below Dike 
Crest (Ww2)2,3

Water Surface 
Area At Depth 

Below Dike 
Crest (Aw)4

Open Water 
Storm Water 

Runoff Coeff. 
(Cw)5

Slope Area At 
Depth Below 

Dike Crest 
(As)6

Slope Area 
Storm Water 

Runoff Coeff. 
(Cw)5

Composite 
Storm Water 

Runoff Coeff. 
(Cc)7

vf sf lf lf lf acres in/in acres in/in in/in

0 7.9 750 380 470 7.3 1.00 0.5 0.70 0.98

0.5 747 377 467 7.2 0.6 0.98

1 744 374 464 7.2 0.7 0.97

2 738 368 458 7.0 0.9 0.97

3 732 362 452 6.8 1.0 0.96

4 726 356 446 6.7 1.2 0.95

Abbreviations and Acronyms
cf cubic feet

Coeff. coefficient
in/in inches per inch

lf linear feet
sf square feet

SSP Scrubber Sludge Pond
vf vertical feet

W.S. water surface

Notes

6.  As = At-Aw.
7.  Cc = (Cw*Aw+Cs*As)/(Aw+As).

1.  Data and calculation of the total drainage area is shown on Table A-2.
2.  The length and width at the dike crest of the Scrubber Sludge Pond is from Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000.

3.  The length and width of the SSP the depth below dike crest is based on 3H:1V side slope calculated from dimensions and elevations 
     shown on Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000.

4.  Aw = Lw*(Ww1+Ww2)/2/(43,560 sf/acre).
5.  Runoff coefficient sources are shown on Table A-2.

TABLE 7

Scrubber Sludge Pond Stage-Composite Runoff Coefficient

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Environmental Resources Management  0336706\A8230



Depth 
Below 
Dike 
Crest     

SSP Length 
At Dike 

Crest
(a)1

SSP Width 1 
At Dike 

Crest
(b1)1

SSP Width 2 
At Dike 

Crest
(b2)1

SSP Length
At Depth 

Below Dike 
Crest
(c)2

SSP Width 1 At 
Depth Below 

Dike Crest
(d1)2

SSP Width 2 At 
Depth Below 

Dike Crest
(d2)2

SSP Total 
Volume Below 

Dike Crest3

Total
Volume

Below 0.5-ft.
Freeboard4

vf lf lf lf lf lf lf MMgal MMgal

0 750 380 470 750 380 470 0.0 0.0

0.5 747 377 467 1.2 0.0

1 744 374 464 2.4 1.2

2 738 368 458 4.7 3.5

3 732 362 452 6.9 5.7

4 726 356 446 9.1 7.9

Abbreviations and Acronyms
cf cubic feet
lf linear feet

MMgal million gallons
SSP Scrubber Sludge Pond

vf vertical feet

Notes
1.  The length and width at the dike crest of the Scrubber Sludge Pond is from Dwg. No. 11-C-19.1, Tippet & Gee, 
     Inc. 2/15/2000.

2.  The length and width of the SSP at the depth below dike crest based on 3H:1V side slope based on dimensions
     and elevations shown on Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000.

3.  The total volume of the SSP at the indicated Depth Below Dike Crest was calculated as the product of 
     (h/6)*(a*(b1+b2)/2)+(a+c)*(b+(d1+d2)/2)+c*(d1+d2/2)) converted to units of million gallons by multiplying 
     by 7.48 gallons per cubic feet and dividing by 1,000,000.

4.  The total volume below 0.5-foot freeboard was calculated as the total volume below the dike crest at that depth 
     minus the total volume in the one-foot freeboard to account for uncertainty in dike crest elevation and 
     wave action.

TABLE 8

Scrubber Sludge Pond Stage-Storage Data

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Environmental Resources Management  0336706\A8230



Process 
Flow Rate1

Runoff 
Coefficient

Drainage 
Area

SSP NDW 
Freeboard4

Total 
Precip.5

Total 
Volume6

SSP NDW 
Freeboard4

Total 
Precip.5

Total 
Volume6

SSP NDW 
Freeboard4

Total 
Precip.5

Total 
Volume6

Stream Description kgpd in/in acres vf in. MMgal vf in. MMgal vf in. MMgal

1 SSP Direct Precipitation2 Inflow 0 1.00 7.3 1.4 9.8 2.0 1.5 11.5 2.4 1.5 13.0 2.7

2 SSP Perimeter Storm Water Runoff2 Inflow 0 0.70 0.5

3 Scrubber Purge Treatment System Discharge Inflow 0 0 0 ----- 0.0 ----- 0.0 ----- 0.0

4 SSP Pumped Transfer to Ash Ponds3 (Outflow) (144) 0 0 ----- 0.0 ----- 0.0 ----- (0.3)

2.0 2.4 2.4

2.0 2.4 2.4

Process 
Flow Rate1

Runoff 
Coefficient

Drainage 
Area

SSP NDW 
Freeboard4

Total 
Precip.5

Total 
Volume6

SSP NDW 
Freeboard4

Total 
Precip.5

Total 
Volume6

Stream Description kgpd in/in acres vf in. MMgal vf in. MMgal
1 SSP Direct Precipitation2 Inflow 0 1.00 7.3 1.6 15.0 3.1 1.6 16.7 3.5

2 SSP Perimeter Storm Water Runoff2 Inflow 0 0.70 0.5
3 Scrubber Purge Treatment System Discharge Inflow 0 0 0 ----- 0.0 ----- 0.0
4 SSP Pumped Transfer to Ash Ponds3 (Outflow) (144) 0 0 ----- (0.6) ----- (1.0)

2.5 2.4
2.5 2.5

Abbreviations and Acronyms
ID identification Precip. precipitation
in. inches SAL Site A Landfill

in/in inches per inch SFL Site F Landfill
kgpd thousand gallons per day SSP Scrubber Sludge Pond

MMgal million gallons vf vertical feet
NDW normal dry weather yr year

No. Number

Notes
1.  Process flow rates are from Table 1.

storage volume to contain wave run-up. 

relationship developed using data shown on Table 7 and shown on Figure 5.
7.  The total volume contained above the SSP NDW Freeboard Level and below the 1-foot freeboard level at the indicated total volume based on data in Table 8 and as shown on Figure 6. 

2.  SSP runoff coefficients and exposed areas were used to calculate composite runoff coefficient; see Table 7 and Figure 4.
3.  No transfer from the SSP to the APs assumed during the first day of the design storm.
4.  The SSP NDW Freeboard was selected to produce a volume above the NDW equal the Total Inflow for the corresponding design storm duration. The SSP NDW Freeboard includes 0.5-foot freeboard at the maximum 

5.  Total precipitation for the design storm duration indicated; see Table 2. 
6.  Total Volume is the sum of the Process Flow and the stormwater runoff calculated using the composite runoff coefficient calculated using the indicated SSP NDW Freeboard and the Stage-Composite Runoff Coefficient 

1-Day Storm Event

TABLE 9
Scrubber Sludge Pond Design Flood Inflow Rates, 100-Year Storm

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas

Storm Water Runoff 12-Hour Storm Event

Inflow/  
(Outflow)

Total Inflow

Total Volume Contained Below 0.5-Foot Minimum Freeboard7

7-Day Storm

2-Day Storm Event

4-Day Storm

Inflow/  
(Outflow)

Total Inflow

Total Volume Contained Below 0.5-Foot Minimum Freeboard7

Storm Water Runoff

Environmental Resources Management  0336706\A8230
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Calculation Inputs
Estimated Estimate

Parameter Quantity Units Source
Gallons per cubic foot 7.48 gal/cf
Square feet per acre 43,560 ft/acre
Concrete Runoff Coefficient 0.95 - TxDOT Hydraulic Design Manual, July 2016, Table 4-10

Steep Grassed Slopes Runoff Coefficient 0.70 - TxDOT Hydraulic Design Manual, July 2016, Table 4-10
Ponded Water Runoff Coefficient 1.00 -

Ash Pond Stage-Storage Calculations
Estimated Estimate

Parameter Quantity Units Source
Side Slopes 3.0 H: 1V
Int. TOB El., Et 270 ft - datum unknown Dwg. No. 15-C-235, Rev.1, Tippet & Gee, Inc., 8/16/1977
Int. TOS El., Eb 250 ft - datum unknown Dwg. No. 15-C-235, Rev.1, Tippet & Gee, Inc., 8/16/1977

Pond Total Depth (each of 3 APs), D 20 vf Calculation: D=Et-Eb

Pond Bottom Area (each of 3 APs)
Bottom length, Lb 1,700 lf Dwg. No. 15-C-235, Rev.1, Tippet & Gee, Inc., 8/16/1977
Bottom width, Wb 125 lf Dwg. No. 15-C-235, Rev.1, Tippet & Gee, Inc., 8/16/1977
Bottom area, Ab 212,500 sf (each AP) Calculation: Ab=Lb*Wb

Pond Top Area (each of 3 APs)
Top length, Lt 1,820 lf Dwg. No. 15-C-235, Rev.1, Tippet & Gee, Inc., 8/16/1977
Top width, Wt 245 lf Dwg. No. 15-C-235, Rev.1, Tippet & Gee, Inc., 8/16/1977
Top area, At 445,900 sf (each AP) Calculation: At=Lt*Wt
Top area 10.24 acres (each AP) Dwg. No. 15-C-235, Rev.1, Tippet & Gee, Inc., 8/16/1977

Pond Top Area (all 3 ponds) 30.71 acres (total) Dwg. No. 15-C-235, Rev.1, Tippet & Gee, Inc., 8/16/1977

AP Total Drainage Area
Perimeter Dike Crest Width Drained to AP, Wpdi 20 ft W Assume all of the perimeter dike crest drains to the interior
Interior Dike Crest Width Drained to AP, Widi 20 ft W Assume 100% of the interior dike crests drain to the interior
Top Length, Ltda 1,860 lf Ltda = Lt+2*Wdi
Top Width, Wtda 815 lf Wtda = 3*Wt+2*Wpdi+2*Widi
Top Area, Atda 1,515,900 sf (all APs) Atda = Ltda*Wtda

34.8 acres Convert units at 43,560 sf/acre

Abbreviations and Acronyms
AP Ash Pond lf linear feet

cf cubic feet No. Number
Dwg. Drawing Rev. Revision

El. Elevation sf square feet
ft feet TOB top of bank

ft W feet width TOC toe of slope
gal gallons TxDOT Texas Department of Transportation

H horizontal V vertical
Int. interior vf vertical feet

APPENDIX A - TABLE A-1

Ash Pond Design Flood Inflow Capacity Calculations

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas
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Calculation Inputs
Estimated Estimate

Parameter Quantity Units Source
Gallons per cubic foot 7.48 gal/cf
Square feet per acre 43,560 ft/acre
Concrete Runoff Coefficient 0.95 - Table 4-10, Hydraulic Design Manual, TxDOT, July 2016

Steep Grassed Slopes Runoff Coefficient 0.70 in/in Table 4-10, Hydraulic Design Manual, TxDOT, July 2016
Ponded Water Runoff Coefficient 1.00 in/in

Scrubber Sludge Pond Stage-Storage Calculations
Estimated Estimate

Parameter Quantity Units Source
Side Slope 3.0 H:1V
Int. TOB El. 280 ft - datum unknown Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000
Int. TOS El. 260 ft - datum unknown Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000

Pond Total Depth, D 20 vf Calculation: D=Et-Eb

SSP Interior Area At Int. TOS
Bottom length, Lb 630 ft Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000
Bottom width 1, Wb1 260 ft Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000
Bottom width 2, Wb2 350 ft Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000
Bottom area, Ab 192,150 sf Ab = Lb * (Wb1+Wb2)/2

SSP Interior Area At Int. TOB
Top length, Lt 750 ft Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000
Top width 1, Wt1 380 ft Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000
Top width 2, Wt2 470 ft Dwg. No. 11-C-19.1, Tippet & Gee, Inc. 2/15/2000
Top area, At 318,750 sf At = Lt * (Wt1+Wt2)/2
Top area, At 7.3 acres Convert units at 43,560 sf/acre

SSP Total Drainage Area
Dike Crest Width Drained to SSP, Wdi 10 ft W Assume 50% of the dike crest drains to the interior
Top length, Ltda 770 ft Ltda = Lt+2*Wdi
Top width 1, Wtda1 400 ft Wtda1 = Wt1+2*Wdi
Top width 2, Wtda2 490 ft Wtda2 = Wt2+2*Wdi
Top area, Atda 342,650 sf Atda = Ltda * (Wtda1+Wtda2)/2
Top area 7.9 acres Convert units at 43,560 sf/acre

Abbreviations and Acronyms
cf Cubic feet in inches

Dwg. Drawing No. Number
El. Elevation sf Square feet
ft feet SSP Scrubber Sludge Pond

ft W feet, width TOB Top of bank
gal gallons TOS Toe of slope

H horizontal TxDOT Texas Department of Transportation
Int. Interior V vertical

APPENDIX A - TABLE A-2

Scrubber Sludge Pond Design Flood Inflow Capacity Calculations

Inflow Design Flow Control Plan for CCR Surface Impoundments
Texas Municipal Power Agency, Grimes County, Texas
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TEXAS MUNICIPAL POWER AGENCY

GIBBONS CREEK STEAM ELECTRIC STATION

ASH POND STUDY

1. 0 INTRODUCTION

The Gibbons Creek Steam Electric Station of Texas Municipal Power

Agency produces substantial quantities of combustion wastes.   A portion of

these wastes,  consisting of bottom ash,  economizer ash,  and pyrites,  is

sluiced to hydrobins where the wastes are dewatered.    The hydrobin drains

and overflow discharge to three ash ponds for clarification before the

ash sluice water is recycled or discharged to the Gibbons Creek reservoir.

Various other wastewater streams also enter the ash ponds.    The ash ponds

have partially filled in the discharge area resulting in the need to remove
solids from the pond to maintain operation.

The purpose of this study is to determine the most practical and

economical methods to control future accumulation in the ash ponds.

1- 1



2. 0 SUMMARY

2. 1 SCREENING OF ALTERNATE FUTURE SOLIDS REMOVAL METHODS

This study investigates various mechanical and sedimentation methods

of future solids control.    The preferred method for future analysis is to

utilize sedimentation basins for dewatering solids from the ash discharge

streams and to haul the dewatered solids to a landfill.

2. 2 ALTERNATE PLANS FOR STUDY

After a screening process,  four alternate plans have been selected for

further study,  all involving sedimentation basins.

Alternate NE.    Install sedimentation basins to the northeast of

Ash Pond A to intercept the solids before they enter the ash

ponds.

Alternate SW.    Install sedimentatin basins to the southwest of

Ash Pond C to intercept the solids before they enter the ash
ponds.

Alternate PC.    Install sedimentation basin in the north end of

Ash Pond C to intercept the solids before they enter the ash
ponds.

Dredge Alternate.   Allow the solids to accumulate in Ash Ponds A

and B and dredge them to sedimentation basins installed in the

north end of Ash Pond C.

2. 3 TECHNICAL EVALUATION

Except for the Dredge Alternate,  all plans require considerable

piping relocation.   The Dredge Alternate requires increased operating
labor,  electrical energy and maintenance not required by the other plans.

All plans introduce additional truck traffic between the ash ponds and the

landfill.

2. 4 ECONOMIC EVALUATION

The capital costs,  differential operating costs,  and differential

cumulative present worth costs of each plan are as follows.

2- 1



Differential Differential
Capital Costs,       Operating Costs,       Cumulative Present

Plan 1987  $     1987  $ Worth Costs,  1981  $

Alternate NE 1, 380, 580 2, 208, 900

Alternate SW 1, 781, 730 2, 850, 800

Alternate PC 991, 370 1, 586, 200

Dredge Alternate 763, 020 75, 530 2, 939, 100

Cumulative present worth costs are for a 35 year period based on a fixed

charge rate of 13 percent,  a discount rate of 8. 6 percent,  escalation of 6

percent per year,  and indirect costs of 15 percent of capital costs.

Alternate PC becomes the most economic plan approximately 3 years after
initial operation.
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3. 0 EXISTING CONDITIONS

3. 1 SYSTEM DESIGN

Bottom ash,  economizer ash,  and pyrites are pumped to two parallel

hydrobins for dewatering.    The collected ash is trucked from the

hydrobins to a landfill.    The hydrobin drains and overflow discharge to

three rectangular ponds,  each approximately 1700 feet long,  240 feet wide,

20 feet deep.   Other waste streams from plant sumps,  the plant collection

pond and sanitary sewage also enter the pond.   Water from these ash ponds

is recycled to the ash and scrubber system with any excess being discharged
to the plant reservoir.    Figure 3- 1 shows a simplified flow diagram of the
system.   Table 3- 1 lists the various pipelines that discharge into the
ponds.

Ash water can be recycled from single ponds,  operating in parallel,  or

ponds operating in series as shown on Figure 3- 2.   A series of box culverts

and drop outlets allow operator selection of the recycle mode.   The ponds

are designated A,  B,  and C from east to west.

3. 2 SYSTEM OPERATION

The ash ponds receive a fairly constant flow from all streams except

the plant collection pond discharge which is periodically pumped to the ash
ponds as the collection pond level rises.   The ash pond discharge to the

reservoir is increased during those periods of collection pond discharge to
maintain the ash pond level.

The rate of bottom ash produced since the plant has been operating has
exceeded the design capacity of the hydrobins resulting in a greater amount

of solids overflowing into the ash ponds than was anticipated at the design
stage.   The solids entering the ponds settle rapidly and accumulate
at the entering  (north)  end of the ponds with little distribution over the

pond length.

3. 3 SOLIDS CHARACTERISTICS

Recent field data indicates that the only streams containing
appreciable solids are the hydrobin drain and overflow,  the discharge from
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TABLE 3- 1.    PIPE LINE LISTING

Pipe Size

Designation Inch Service

AHB- 4- 18 18 Hydrobin Drain

AHF- 1- 14 14 Fly Ash from Silo Air Separator

AHB- 1- 8 8 Bottom Ash Bypass

WSD- 26- 12 12 Sump 25 Discharge

WSD- 18- 10 10 Ash Loading Area Sump Discharge

WSD- 40- 18 18 Sump 23 Discharge

AWS- 27- 6 6 Ash Water Recirculation

AWS- 28- 12 12 Ash Water Return

WSD- 92- 12 12 Sump 22 Discharge

CPW- 2- 14 14 Plant Collection Pond Transfer

JDS- 1- 4 4 Sanitary Sewer

SWS- 11- 2 2 Service Water

AWS- 6- 20 20 Ash Water Pump suction from Ash Ponds

3- 3
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Sump 25 located in the boiler area and the discharge from Sump 23 located

at the ash water pump complex.

These streams have a typical combined solids content of 0. 2 percent by
weight in an average flow of 3900 gpm.    These streams deposit about 2000

cubic feet per day of solids in the ponds.    The solids are character-

istically fine in particle size with most passing through a 200 mesh
screen.    Field testing demonstrated that the ash particles settle and

dewater rapidly.    Density of the wet compacted solids varies considerably
and is assumed to average about 45 pounds per cubic foot.

3. 4 PRESENT POND STATUS

In April of 1987,  soundings were made in the three ponds to determine

the volume of solids present.    The inventory in April of 1987 is calculated
to be as follows.

Pond A -  850, 000 ft3  -  13 percent of capacity
Pond B  -  350, 000 ft3  -  5 percent of capacity
Pond C -  2, 000, 000 ft3  -  30 percent of capacity

An attempt was made by TMPA to remove solids from Pond C by draining
and using a drag line and mobile equipment.    It was found that the

accumulated material would not support mobile equipment.

On a trial basis,  a floating dredge was placed in Pond A and some

solids were sluiced to a temporary dewatering/ sedimentation basin.    This

trial operation was successful.

As of September 1987,  Ponds A and B contain slightly more solids than
in April.   Pond C has had approximately 10 percent of the 2, 000, 000 ft3

removed by dragline.    Ponds A and B are now in operation,  but Pond C is

still out of service and dewatered.

3. 5 MASS BALANCE

An estimated water and solids mass balance is given in Table 3- 2.    Due

to the large volume of the ponds,  variations in inlet and outlet flows do

not appreciably affect the average values or the pond water inventory.
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TABLE 3- 2.   ASH SYSTEM MASS BALANCE

Average Flow Average Solids

Stream GPM lb/ day

Flows In

Service Water 30

Sump 23 100 2, 000

Hydrobins 1, 600 52, 000

Sump 25 1, 080 35, 000

Sewage 10

Loading Area 500 1, 000

Sump 22 100

Collection Ponds 480

Total In 3, 900 90, 000

Flows Out

Ash Water Return 3, 600 0

Discharge 300 0

Retained 0 90, 000

Total Out 3, 900 90, 000
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4. 0 ASH POND CLEAN- OUT

4. 1 GENERAL

The ash ponds now have an accumulation of solids in the northern end

which prevents even distribution of the water and entering solids.

Cleanout of the accumulated solids will be required to restore the ponds
to efficient use.

The evaluation of alternate solids control methods which follows

assumes that Ponds A and B will have had as much ash removed as practical

and that rehabilitation of Pond C by filling the northern end with

compacted fill will have been completed.

Since all of the alternate plans considered include sedimentation
basins,  the removal of solids from Ponds A and B could be accomplished by
dredging and sluicing to the new basins after installation.
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5. 0 FUTURE SOLIDS CONTROL

5. 1 OBJECTIVE

The objective of this analysis is to determine the most practical and

economical method of preventing the future accumulation of solids in the

ash ponds.

5. 2 REQUIREMENTS

1)   The present ash ponds are to remain in service.    The cost of

rehabilitation of the ash ponds is not to be included in the

evaluation.

2)   New facilities will not degrade the present overall plant

operation.

3)   New facilities or construction will not require new environmental

permits nor affect the existing discharge permits.

5. 3 ALTERNATE CONTROL METHODS

Alternate control methods to be considered will be mechanical

equipment and gravity sedimentation.    All methods will be capable of

dewatering the solids from the hydrobins and waste sumps to the degree that

they can be loaded on a truck for transport to the landfill.

5. 3. 1 Mechanical Dewatering

Four types of mechanical dewatering systems are considered:  vacuum

filtration,  pressure filtration,  centrifuge,  and cyclone separation.

5. 3. 1. 1 Vacuum Filtration.   Vacuum filters are available in either belt

type or drum type.    In either case the water in the waste stream is pulled

through a cloth screen by a vacuum with the solids forming a cake on the

screen from which they can be removed and conveyed to a truck.

Vacuum filters are designed for the hydraulic flow which must be

handled.    In general,  vacuum filters cannot be used when the solids

concentration is less than about 20 percent by weight.    The waste streams

at GCSES contain only 0. 2 percent by weight of solids,  so a thickening step
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will have to precede the vacuum filter.   Once thickened,  the solids load to

the filter will be relatively Low and the filter size will be minimal.
5. 3. 1. 2 Pressure Filtration.    Pressure filters for high solids are called
filter presses.   The waste water is forced under pressure through a cloth

or screen with the solids remaining adhered to the screen.

Filter presses have the same hydraulic limitations as vacuum filters
and will require a prethickening step to increase the feed concentration.
5. 3. 1. 3 Centrifuge.    The dilute streams can possibly be fed directly to a

centrifuge but the equipment is sized for hydraulic flow and will be very
large if the 0. 2 percent stream is fed without pre- thickening.

Centrifuges are very subject to wear by erosion and are not commonly
used on abrasive material such as bottom ash.

5. 3. 1. 4 General.    The equipment discussed above has not been historically
used for separation of fine bottom ash from water.    Pilot studies will be

required prior to seriously considering mechanical dewatering.

5. 3. 2 Gravity Thickening

Theoretically,  the solids in the waste streams being considered can be

thickened to about 20 percent by weight by gravity settling in a continuous
flow settling tank with mechanical scrapers.    Because of the rapid settling

characteristics of the solids and their density,  the design of a thickener

will require a special scraper and solids removal features.    The thickened

solids will still be too fluid to transfer directly to a truck.    Further

dewatering will be required.

5. 3. 3.       Dewatering Bins

Dewatering bins  ( hydrobins)  are not considered in this analysis.  If a

new hydrobin is installed in series with the existing hydrobins,  the fine

material overflowing or draining from the upstream hydrobins will not tend
to be retained in the new hydrobin.

If a new hydrobin is used in parallel with the existing hydrobins,
dewatering time will increase and overflow will likely decrease.   The

increased dewatering time will result in an increased drain flow
counterbalancing reduced overflow.    Solids carry- through may not decrease.
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Hence there is no guarantee that the solids carryover to the ash

ponds will be reduced by installing a new hydrobin.

5. 3. 4 Sedimentation Basins

The solids in the waste streams have been shown to be readily settled
by gravity.    It is estimated that under quiescent conditions,  better than

99 percent of the solids will settle out in one hour.    Therefore a basin

with minimal retention time can be used to remove most of the solids before

the waste streams enter the ash ponds.    The solids can then be removed by
excavating equipment,  loaded on trucks and transported to the landfill.

By the use of parallel basins,  one basin will be filling while the

other is being cleaned,  allowing continuous operation.

Each basin will be designed to accumulate the solids from 30 days

operation and will have a water retention time of 2 hours.   At an average

flow of 3900 gpm with a solids concentration of 0. 2 percent by weight,  the

water volume required will be about 60, 000 cubic feet and the solids volume
about 60, 000 cubic feet.    Selecting an accumulated solids depth of 3 feet

as a practical limit with an equal depth of water on top,  the total basin

depth to the water level will be 6 feet.    This design will be based on

burning a higher ash lignite than that presently being burned,  which will

allow for changes in burned fuel characteristics.    The basins will have an

area of 2300 square feet at the bottom.

The basin will be designed to have the waste stream enter at one end

and the water overflow a weir at the opposite end into the ash pond.   After

30 days,  the flow will be switched to the second basin and the full basin
decanted and drained through an outlet structure.   An access ramp in each

basin will allow an excavating shovel to enter and remove the solids to
trucks.

The basins will be constructed with sloped earthen walls covered by a
synthetic liner for leachate control and a concrete pavement to provide a
stable working surface for removal equipment.

The basin locations are shown in plan view on Figure 5- 1.   A hydraulic

profile is shown on Figure 5- 2 and the outlet and decanting structure is on
Figure 5- 3.
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Pipe lines AHB- 4- 18 from the hydrobins,  AHB- 1- 8,  the bottom ash

bypass,  WDSW- 26- 12 from Sump 25 and WSD- 40- 18 from Sump 23 will be run into

the sedimentation basins and all other lines will be allowed to enter the

ash ponds directly.   A line from the ash water recycle line will also be

routed to the basin to provide a source of water for cleaning.

5. 3. 5 Dredge Removal

With this plan,  the solids will be discharged into the ash ponds as

with the present operation.   As solids accumulate,  they will be

periodically sluiced,  using a floating dredge,  to sedimentation basins for

final dewatering before excavation and trucking.    Based on using a 1000 gpm

dredge,  the dredging operation will be required for about 1100 hours per
year.

5. 3. 6 Preferred Plan

Based on the above discussion,  sedimentation basins and dredge removal

are the plans preferred for further analysis.   These alternates present the

most proven operation and deviate the least from present operating
procedures.

5. 4 ALTERNATE DEWATERING PLANS

Four alternate plans have been selected for evaluation.

o Alternate NE.    Direct solids discharge to sedimentation basins

located to the northeast of Ash Pond A.

o Alternate NW.    Direct solids discharge to sedimentation basins

located to the southwest of Pond C.

o Alternate PC.    Direct solids discharge to sedimentation basins

located in the north end of Pond C.

o Dredge Alternate.    Solids discharge to Ponds A or B with a dredge

used to sluice the solids to sedimentation basins located in the

north portion of Ash Pond C.
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5. 4. 1 Alternate NE.

For this plan,  the sedimentation basins will be located adjacent to

the northeast corner of Ash Pond A as shown on Figure 5- 1.    Sectional views

are shown on Figure 5- 4.    The pipelines carrying solids will be extended

from blind flanges now present at the pipe ends and routed down the east

pond road to the sedimentation basins.   All other pipes will continue to

discharge into the north end of Pond A.    The sedimentation basin overflow

and decant will enter Ash Pond A at the northeast end.

Basin access for cleaning will be from a truck loading area to the
east of the basins.   A new haul road will be constructed from the basin

running between the intake structure and the ash water complex,

intercepting the existing haul road east of the ash handling complex.
A simplified flow diagram for Alternate NE is shown on Figure 5- 5.

5. 4. 2 Alternate SW

For this plan,  the sedimentation basin will be located adjacent to the

southwest corner of Ash Pond C as shown in Figures 5- 1.    Sectional views

are shown on Figure 5- 6.    The pipelines carrying solids will be picked up
at the pipe bridge at the northwest corner of Ash Pond C and routed

overhead south along the west pond road to the sedimentation basins.   All

other pipes will discharge into the north end of Ash Pond B.    The

sedimentation basin overflow and decant will enter Ash Pond C at the
southwest end.

Basin access for cleaning will be from a truck loading area to the
west of the basins.    Truck travel will be along the existing haul road
located to the west of Ash Pond C.

A simplified flow diagram of Alternate SW is shown on Figure 5- 7.

5. 4. 3 Alternate PC

For this plan,  the sedimentation basins will be located within the

confines of Ash Pond C,  at the north end,  as shown on Figures 5- 1.

Sectional views are shown on Figure 5- 8.   The pipelines carrying solids

will be picked up along the piperun,  teed upward to cross the other pipes

and routed south along the pond road between Ash Ponds B and C to the east
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side of the sedimentation basin.    The sedimentation basins overflow and

decant will empty directly into Ash Pond B adjacent to the basins.    All

other flows will enter Ash Pond B through the existing pipes.    The open

portion of Ash Pond C will be joined to Ash Pond B for equalization.

Basin access for cleaning will be from a truck loading area along the
northwest side of Ash Pond C.    The haul road to the west and north of Ash

Pond C will be extended to accommodate the trucks.

A simplified flow diagram of Alternate PC is shown on Figure 5- 9.

5. 4. 4 Dredge Alternate

For this plan,  the solids will continue to discharge into Ash Ponds A

and B through the existing pipelines.   When enough solids have accumulated

a floating dredge will be used to sluice the solids to sedimentation
basins.    The basins will operate on the same principle as in the other
plans.

The basins will be essentially the same as shown on Figures 5- 1 and
5- 9 for Alternate PC.

5. 5 EVALUATION OF ALTERNATE PLANS

5. 5. 1 Technical Evaluation

Construction features and operational details of each alternate plan
are as follows.

5. 5. 1. 1 General Construction.    The following general construction work
will be required.

o Site grading for sedimentation basin,  loading area,  and roads.

Fill material will be obtained from onsite borrow areas selected
by TMPA.

o Subbases for concrete pavement will be prepared with lime

stabilization as indicated on the figures.
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Sedimentation basins and loading areas will be lined with a

roller compacted concrete pavement constructed on a geotextile

separation fabric and synthetic liner.    Exterior slopes will be

seeded.

Haul roads will have crushed stone surfaces with lime stabilized

subgrade.   Road embankments will be seeded.

Crossover channels and new drop inlets will be constructed as

required and indicated on the figures.

5. 5. 1. 2 Piping Modifications.    The new pipelines to the sedimentation

basins will have to be routed at an elevation about 12 feet higher than the

existing pipe run along the north end of the ash ponds.    Calculations show

that there is sufficient pressure in the present sluice system to obtain

this additional head.    But the pipe will have to run on elevated supports

from the tee- in point to the basins.

For Alternate NE,  the tie- in will be at the existing blind flanges at
the east end of the pipe runs.    For Alternate SW,  the tie- in will be made

by inserting new tees in the downcomers after the pipe run crosses the haul
road.

For Alternate PC,  the tie- in will be made by inserting tees in the

horizontal runs of pipe near the pond road bridge between Ash Ponds B and
C.

In all plans,  the new piping will terminate at a platform between the

two sedimentation basins where it will tee off to two individually valved
lines to each basin.

5. 5. 1. 3 Basin Access.    Figure 5- 1 indicates the proposed truck access

roads and ramps to the new sedimentation basins.   All roads and ramps will

be sized for the presently used combustion waste loading equipment and
transport trucks.

Alternate NE requires the construction of about 900 feet of new haul

road which must be elevated above the existing ground level.   The haul

trucks will have to enter and leave the basin loading area at the north.

5- 16
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For Alternate SW,  a short access ramp is required to intercept the

existing haul road to the west near the northeast corner of the sludge
pond.   The haul truck will have to enter and leave the basin loading area
at the north.

For Alternate PC and the Dredge Alternate,  ramps will be constructed

both to the north and the south of the basin loading area to allow pass
through traffic.   The ramps will connect with the existing haul road to the
west of Ash Pond C.

Alternate NE provides for truck bypassing of the existing sludge and
ash handling area avoiding additional traffic in that area.   All other

alternates will increase the traffic in the ash handling area.
5. 5. 1. 4 Dredge Operation.    The technical advantage of the Dredge Alternate

is that no modification is required to the existing piping systems.   All

streams will continue to discharge into the ash ponds.    Flexible hose will

be used between the dredges and the pond road with polyethylene pipe run

along the road to the sedimentation basins.   A booster pump will be

required in addition to the dredge pump.    The dredge can be used in either

Ash Pond A or Ash Pond B with the dredge pipe being moved as required.

5. 5. 2 Economic Evaluation

5. 5. 2. 1 Capital Costs.    Capital costs have been estimated for the four

alternate plans as presented on Tables 5- 1 through 5- 4.

Costs do not include any ash pond rehabilitation or repair work to any
existing structures or equipment.   No cost is included for plant outages

which may be required to tie in the new installations.

5. 5. 2. 2 Operating Costs.   Operational requirements for cleaning of the
sedimentation basins,  truck loading,  and hauling are considered to be the

same for all alternates.

The Dredge Alternate will have operating costs which are not
associated with the other alternates.    These costs for labor,  electrical

energy,  and maintenance are summarized on Table 5- 5.

5. 5. 2. 3 Cumulative Present Worth Costs.   The summary of capital costs,

differential operating costs and cumulative present worth for each

alternate are shown on Table 5- 6.    The present worth costs were calculated

5- 17



TABLE 5- 1.    CAPITAL COSTS  - ALTERNATE NE

Cost Item Est.  Quantity Unit Cost Total Cost

Excavation 1, 200 cu.  yds. 2. 80 3, 360

Embankments 27. 000 cu.  yds. 5. 60 151, 200

Roller Compacted

Concrete Protection

Subgrade Preparation 143, 000 sq.  yds.       $  0. 80 114, 400
Base Stabilization 1, 300 cu.  yds. 31. 70 41, 210
30 Mil PVC Liner 11, 518 sq.  yds.  3. 15 36, 280
Geotextile 11, 518 sq.  yds.   1. 80 20, 730
RCC 5, 760 cu.  yds. 47. 00 270, 720

483, 340

Haul Road Construction

o Subgrade Preparation 7, 800 sq.  yds.       $  1. 30 10, 140
o Compacted Fill 15, 300 cu.  yds.  2. 50 38, 250
o Lime Stabilization 6, 500 cu.  yds. 31. 70 206, 050
o Crushed Stone Base 3, 900 cu.  yds. 27. 00 105, 300

359, 740

Runoff Control Curbs 650 lin.  ft.       $  6. 90 4, 490

Seeding 1 acre 750. 00 750

Decant Structures 170 cu yds. 250. 00 42, 500

Fabri- Form 2, 200 sq.  ft.       $  4. 00 8, 800

Piping Modifications LS 295, 000

Piping Supports LS 31, 400

Estimated Total Costs LS 1, 380, 580
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TABLE 5- 2.    CAPITAL COSTS  - ALTERNATE SW

Cost Item Est.  Quantity Unit Cost Total Cost

o Excavation

o Embankments 43, 150 cu.  yds.       $   5. 60 241, 640

o Roller Compacted

Concrete Protection

o Subgrade Preparation 144, 200 sq.  yds.       $   0. 80 112, 960
o Base Stabilization 1, 300 cu.  yds.       $  31. 70 41, 210
o 30 Mil PVC Liner 10, 760 sq.  yds.       $   3. 15 33, 890
o Geotextile 10, 760 sq.  yds.       $    1. 80 19, 370
o RCC 5, 380 cu.  yds.       $  47. 00 252, 860

460, 290

Runoff Control Curbs 520 lin.  ft.       $   6. 90 3, 590

Seeding 1 Acre 750. 00 750

Decant Structures 170 cu.  yds.       $ 250. 00 42, 500

Fabri- Form 2, 200 sq.  ft.       $   4. 00 8, 800
Slope Protection)

Piping Modifications LS 924, 160

Piping Supports LS 100, 000

Estimated Total Costs 1, 781, 730

5- 19
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TABLE 5- 3.    CAPITAL COST  - ALTERNATE PC

Cost Item Est.  Quantity Unit Cost Total Cost

Excavation

Embankments 26, 000 cu.  yds.       $   5. 60 145, 600

Roller Compacted

Concrete Protection

Subgrade Preparation

Base Stabilization 1, 300 cu.  yds.       $  31. 70 41, 210
30 Mil PVC Liner 13, 900 sq.  yds.    3. 15 43, 790
Geotextile 13, 900 sq.  yds.    1. 80 25, 020
RCC 5, 950 cu.  yds.  47. 00 279, 650

389, 670

Runoff Control Curbs 500 lin.  ft.    6. 90 3, 450

Seeding 1 Acre 750. 00 750

Decant Structures 170 cu.  yds.    250. 00 42, 500

Fabri- Form 2, 200 sq.  ft.  4. 00 8, 800

Piping Modifications LS 365, 000

Piping Supports LS 35, 600

Estimated Total Costs 991, 370
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TABLE 5- 4.    CAPITAL COSTS  - DREDGE ALTERNATE

Cost Item Est.  Quantity Unit Cost Total Cost

Excavation

Embankments 26, 000 cu.  yds.  5. 60 145, 600

Roller Compacted

Concrete Protection

Subgrade Preparation

Base Stabilization 1, 300 cu.  yds.   31. 70 41, 210
30 Mil PVC Liner 13, 900 sq.  yds. 3. 15 43, 790
Geotextile 13, 900 sq.  yds. 1. 80 25, 020
RCC 5, 950 cu.  yds.      47. 00 279, 650

389, 670

Runoff Control Curbs 500 lin.  ft.  6. 90 3, 450

Seeding 1 Acre 750. 00 750

Decant Structures LS 42, 500

Fabri- Form 2, 200 sq.  ft.    4. 00 8, 800

Dredge LS 76, 000

Booster Pump LS 43, 500

Cable and Harness LS 4, 950

8" Polyethylene Pipe 1, 300 ft.   7. 75 10, 050

8"  Flexible Hose 300 ft.   37. 00 11, 100

Floats 15 110. 00 1, 650

Electrical LS 25, 000

Estimated Total Cost 763, 020
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TABLE 5- 5.   OPERATING COSTS  - DREDGE ALTERNATE

Item 1987  $/ Yr.

Labor 2 Men @  $ 20/ Hr.  Each 44, 000

Energy 500 kW x 1100 Hr.  x 0. 017  $/ kwh       $  9, 350

Maintenance 15%  of Capital/ Yr.     22, 180

Total Operating Cost 75, 530

Based on:  1100 hour per year operation using a dredge with a capacity of
1000 gpm.

500 kW power requirement
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TABLE 5- 6.    COST SUMMARY

Differential Cumulative
Capital Cost Operating Costs Present Worth*

Plan 1987  $     1987  $ 1987  $

Alternate NE 1, 380, 580 2, 208, 900

Alternate SW 1, 781, 730 2, 850, 800

Alternate PC 991, 370 1, 556, 200

Dredge Alternate 763, 020 75, 530 2, 939, 100

5- 23



based on a fixed charge rate of 13 percent,  a discount rate of 8. 6 percent,

escalation of 6 percent per year,  indirect costs of 15 percent of direct
capital costs,  and a 35- year evaluation period.

Due to the higher operating costs,  the Dredge Alternate will become

more costly than Alternate PC approximately 3 years after initial
operation.

5. 6 SCHEDULE

Any of the alternate plans can be implemented in less than twelve
months.   A bar chart of the estimated engineering and construction schedule
is shown on Figure 5- 10.    The schedule does not include rehabilitation

work required for the ash ponds.
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BASE MAP NOTES:

1. TOPOGRAPHY: SURFACE CONTOURS ARE BASED ON AN

AERIAL SURVEY OBTAINED BY THE TMPA FROM CDS/MUERY

SERVICES, INC.,\BIBBONS, DWG., 09/15/03.

2. AERIAL SURVEY REFERENCE MARKERS : REFERENCE

MARKERS USED FOR SITE A LANDFILL SURVEYS ARE  AS

FOLLOWS:

MARK

TMPA 1

TMPA 2

TMPA 3

TMPA 4

DESCRIPTION

1/2" IRON ROD

W/RED CAP

1/2" IRON ROD

W/RED CAP

1/2" IRON ROD

W/RED CAP

1/2" IRON ROD

W/RED CAP

NORTH

10,221,597.53

10,213,545.19

10,237,953.03

10,230,743.48

EAST

3,628,876.61

3,642,123.31

3,659,938.58

3,669,915.83

ELEV.

339.19

255.55

308.38

353.37

NOTES:

1. SWMUs ARE REFERENCED PER TMPA's NOR #32271

DATED JULY 25, 2003.

2. SAL POND #1 THROUGH #12 COMPRISE SWMU 007

TMPA DWG #: 15-C-238
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INTRODUCTION 

 

Texas Municipal Power Agency (TMPA) requests to renew and amend Texas Pollutant 

Discharge Elimination System (TPDES) Permit No. 02120 (herein referred to as the 

“permit”) for the Gibbons Creek Steam Electric Station (GCSES) facility.   

 

Currently, six outfalls are authorized under the permit:  four external outfalls (No. 001, 

002, 003, and 004), and 2 internal outfalls (No. 101 and 201).  The outfalls discharge as 

follow: 

• Outfall 001 from Ash ponds to unnamed ditch; thence to Gibbons Creek Reservoir; 

thence to Gibbons Creek; then to the Navasota River; 

• Outfall 002 from the plant collection pond; thence to Big Branch Creek; thence to 

Carlos Lake; thence to Big Branch Creek; thence to Gibbons Creek; thence to the 

Navasota River; 

• Outfall 003 from the SAL treatment wetlands; thence to Gibbons Creek Reservoir; 

thence to Gibbons Creek; thence to the Navasota River; and 

• Outfall 004 from the once through cooling water discharge structure; thence to 

Gibbons Creek Reservoir; thence to Gibbons Creek; thence to the Navasota River. 

 

TMPA would like to renew the permit for continued authorization to discharge through 

five of these six outfalls, with the following amendments: 

 

A.  Remove Outfall 003 from TPDES Permit No. 02120 
 

Outfall 003 has never been utilized for discharge from the GCSES facility.  Currently, it 

remains inactive, and TMPA has no future plans to utilize the outfall.  Therefore, TMPA 

requests to remove the authorization and associated references to discharge via Outfall 

003 from the permit. 

 

B.  Reactivate Wet Scrubber Operation and Continue Authorized Discharge of Low-
Volume Wastewater Through Outfall 001 and 002 
 

TMPA is currently authorized to discharge low-volume wastewater through Outfalls 

001 and 002.  As defined in the Other Requirements section, Provision 1, of TMPA’s 

existing TPDES Permit No. 02120, low volume wastewater includes wastewater 

generated by processes such as the boiler blowdown, water purifying and sewage 

treatment system, and wet scrubber system. 

 

TMPA’s wet scrubber system operations have been inactive since 1996.  The status of the 

wet scrubber system was documented in TMPA’s TPDES 2004- and 2007-dated permit 

applications.  TMPA is currently in the process of reactivating the wet scrubber system, 

and estimates that the process will be back online by April 2011.  Therefore, the 

currently authorized low volume wastewater that is discharged through Outfalls 001 

and 002 will continue to be discharged and once again include wastewater from the wet 

scrubber system. 
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C.  Authorization to Route Water from Ash Ponds as Emergency Cooling Water 
 

On an emergency basis, TMPA is currently authorized to route water from the plant 

collection pond for use as cooling water in the auxiliary cooling system that discharges 

through Outfall 004.   

 

To support flexibility to maintain process operations during potential drought 

conditions, TMPA is requesting to also have authorization on an emergency basis to 

route water from the ash ponds (that currently discharges through Outfall 001) for use 

as cooling water in the auxiliary cooling system that discharges through Outfall 004.  

Although routing of water from the plant collection pond would be TMPA’s first option 

to maintain auxiliary cooling water requirements, TMPA would appreciate the flexibility 

to have another option available when the plant collection pond volume is low due to 

drought and other seasonal site conditions. 
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Appendix A 
U.S.G.S. Map 

 
October 2007 

Project No. 0071225 
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Outfall 001 

 

Wastestreams currently authorized for discharge through Outfall 001 include: low volume 

wastewater, ash transport water, coal pile runoff, previously monitored effluents and 

stormwater.  Processes that are used for treatment of each wastestream discharged through 

Outfall 001 are described below. 

• Low volume wastewater (as defined in the Other Requirements section, Provision 1, of 

TMPA’s existing TPDES Permit No. 02120) is treated by the following: 

o Scrubber purge from the wet scrubber system is forwarded to the scrubber purge 

treatment system where it is treated by chemical precipitation, settling, 

stabilization, and neutralization.  The wastestream is then sent to the ash ponds 

for additional treatment by settling and neutralization.  The wastewater is then 

discharged through Outfall 001. 

o Other authorized low-volume wastewater is treated via settling and 

neutralization in the ash ponds.  The wastewater is then discharged to Outfall 

001. 

• Ash transport water is generated in the bottom ash transport system and is treated by 

settling and neutralization in the ash ponds.  The wastewater is then discharged through 

Outfall 001.   

• Coal pile and stormwater runoff is collected in the Plant Collection Pond.  Per the Other 

Requirements section, Provision 7, of TMPA’s existing TPDES Permit No. 02120, 

“stormwater runoff caused by rainfall events less than a 10-year, 24-hr rainfall shall be 

routed to the plant collection pond prior to discharge via Outfall 002 and/or the ash 

ponds prior to discharge via Outfall 001.”  Coal pile and stormwater runoff is treated by 

settling in the plant collection pond.  The collected wastewater may then be transferred 

to the ash ponds, where additional treatment by settling and neutralization is 

performed.  The wastewater is then discharged through Outfall 001.  

• Previously monitored effluents include the domestic treated wastewater and the metal 

cleaning wastewater.  The domestic wastewater is treated via stabilization, settling, 

chlorination, and neutralization in the on-site domestic sewage treatment system.  The 

domestic wastewater is discharged through the internal Outfall 101 to the ash ponds.  

The metal cleaning wastewater is treated via settling and neutralization and discharged 

through internal Outfall 201 to the ash ponds.  Additional treatment, such as settling and 

neutralization, is performed in the ash ponds.  The wastestream is then discharged 

through Outfall 001. 

• A mixture of stormwater and landfill leachate is generated by the coal combustion by-

product landfill cells “A” and “F” (SAL and SFL) and treated by settling in the SAL and 

SFL collection ponds, and the scrubber sludge pond.  TMPA periodically uses a mixture 

of stormwater and ash landfill leachate, as ash transport water. This reduces raw water 

needs for the GCSES bottom ash transport system make-up water.   
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Outfall 002 

 

Wastestreams currently authorized for discharge through Outfall 002 include: low volume 

wastewater, ash transport water, coal pile runoff, and stormwater.  Per the Other Requirements 

Section, Provision 7, of TMPA’s existing TPDES Permit No. 02120, “Stormwater runoff caused 

by rainfall events less than a 10-year, 24-hr rainfall shall be routed to the plant collection pond 

prior to discharge via Outfall 002 and/or the ash ponds prior too discharge via Outfall 001.”  

Processes that are used for treatment of each wastestream discharged through Outfall 002 (or if 

routed to Outfall 001) are described below. 

• Low volume wastewater (as defined in the Other Requirements section, Provision 1, of 

TMPA’s existing TPDES Permit No. 02120) is treated by the following: 

o Scrubber purge from the wet scrubber system is forwarded to the scrubber purge 

treatment system where it is treated by chemical precipitation, settling, 

stabilization, and neutralization.  The wastestream is typically sent to the ash 

ponds for additional treatment and discharged through Outfall 001.  However, 

the wastestream may also (if necessary) be sent to the plant collection pond for 

additional treatment by settling.  The wastewater is then discharged through 

Outfall 002, or to the ash ponds for discharge through Outfall 001. 

o Other authorized low-volume wastewater is treated via settling in the plant 

collection pond.  The wastewater is then discharged through Outfall 002, or to 

the ash ponds for discharge through Outfall 001. 

• Coal pile and stormwater runoff are treated in the plant collection pond via settling.  The 

wastewater is then discharged through Outfall 002, or sent to the ash ponds for 

discharge through Outfall 001.  
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WORKSHEET 1.0 - EPA EFFLUENT CATEGORICAL GUIDELINES

REQUIRED FOR ALL APPLICATIONS FOR TPDES PERMITS FOR DISCHARGES OF WASTEWATERS
SUBJECT TO EPA EFFLUENT LIMITATION GUIDELINES.

1.  CATEGORICAL INDUSTRIES (Instructions, pages 34-35)

Is your facility subject to any of the 40 CFR effluent guidelines outlined in Table 1?             Yes             No

If yes, provide the appropriate information in the table below.  If no, this worksheet is not required. 

Industry CFR

2. PRODUCTION/PROCESS DATA  (Instructions, page 35)

a. Production data:  Provide the appropriate data for effluent guidelines with production based effluent limitations.

Subcategory Actual Quantity/Day Design Quantity/Day Units

b. Organic Chemicals, Plastics, and Synthetic Fibers Manufacturing Data (40 CFR Part 414):  Provide each
appropriate subpart and the percent of total production.  Also provide the appropriate data for metal bearing
wastestreams as required in 40 CFR Part 414, Appendices A and B.

Subcategory % of total
production

Appendix A and B

Metal Process

Worksheet 1.0, TCEQ-10055 (Revised 3/2009) G:\2010\0115940\15387H_Worksheet1.0.pdf
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Text Box
Not Applicable - Limitations are not expressed in terms of production.
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Text Box
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c. Refineries (40 CFR Part 419): Provide the applicable subcategory and a brief justification for each. 

3. PROCESS/NON-PROCESS WASTEWATER FLOWS:  Provide a breakdown of process wastewater
flow(s) and non-process wastewater flow(s) as directed. (Instructions, page 35)

4. NEW SOURCE DETERMINATION: Provide a list of wastewater generating processes subject to effluent
guidelines and the appropriate information.  (Instructions, page 35)

Process EPA Guideline Date Process/Construction
Commenced

Part Subpart

Worksheet 1.0, TCEQ-10055 (Revised 3/2009) G:\2010\0115940\15387H_Worksheet1.0.pdf
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Text Box
*First generated in 2002 from maintenance of units built in 1982.
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Worksheet 4.0, TCEQ-10055 (Revised 9/2006) Page 4-2

Check the method used to characterize the area upstream (or downstream for new dischargers): ____ USGS flow

records,_____ personal observation, _____ historical observation by adjacent landowner(s), _____ others, specify:

__________________________________________________________________________________________

c.  List the name(s) of all perennial streams that join the receiving water within three miles downstream of the

discharge point:

__________________________________________________________________________________________

d.  Do the receiving water characteristics change within three miles downstream of the discharge? (e.g., natural or

man-made dams, ponds, reservoirs, etc.)  _____ Yes  _____ No           

If yes, discuss how:

 

e.  Provide general observations of the water body during normal dry weather conditions:

Date and time of observation:___________________________________________________________________

Was water body influenced by storm water runoff during observations?  _____ Yes  _____ No

5. GENERAL CHARACTERISTICS OF WATER BODY (Instructions, Page 55)

a.  Is the receiving water upstream of the discharges or proposed discharge site influenced by (check as appropriate):

_______ oil field activities ________ urban runoff

_______ agricultural runoff ________ septic tanks

_______ upstream discharges ________ others, specify below

b.  Uses of water body, observed or evidences of (check as appropriate):
_____ livestock watering _____ contact recreation  ______ irrigation withdrawal

_____ non contact recreation _____ fishing ______ navigation

_____ domestic water supply _____ industrial water supply ______ picnic park activities

_____ others, specify below

c.  Check one of the following to best describe the aesthetics of the receiving water and the surrounding area:

_____ Wilderness: outstanding natural beauty; usually wooded or unpastured area: water clarity exceptional

_____ Natural Area: trees and/or native vegetation common; some development evident (from fields,

pastures,dwellings); water clarity discolored

____ Common Setting: not offensive, developed but uncluttered; water may be colored or turbid 

_____ Offensive: stream does not enhance aesthetics; cluttered; highly developed; dumping  areas; water discolored

Worksheet 4.0 TCEQ-10055 (Revised 3/2009) g:\2010\0115940\15387HWorksheet4.0.pdf

Outfall 001

Gibbons Creek, Peach Creek, and Rock Lake Creek

✔

The un-named drainage ditch discharges to Gibbons Creek Reservoir, then to Gibbons Creek.

Perennial streams that join the receiving water within three miles downstream of the discharge point

are Gibbons Creek, Peach Creek, and Rock Lake Creek.

The water in the un-named drainage ditch is slightly turbid during normal, dry weather conditions.

May 11, 2010, approximately 10:00 am

✔

✔

Outfall 001 is located at the start of the un-named drainage ditch, and there is not an upstream

component of the ditch.

✔

✔

✔

✔

✔ ✔

The un-named drainage ditch discharges to Gibbons Creek Reservoir. The potential uses of the

Gibbons Creek Reservoir are checked above.

✔

✔
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ATTACHMENT 2
U.S.G.S. MAP

Texas Municipal Power Agency
Gibbons Creek Steam Electric Station

Carlos, Texas

RMA CAK
AS SHOWN

LEGEND

TMPA PROPERTY BOUNDARY

DISCHARGE ROUTE WITHIN 3 MILES
FROM DISCHARGE PIT

DISCHARGE ROUTE TO SEGMENT 1209

DISCHARGE POINTS

SURFACE WATER

MONITORING  WELLS

SOURCE:  U.S.G.S. 7.5' QUADRANGLES, KEITH, TX, 1962, PHOTOREVISED 1988, CARLOS, TX, 1960, PHOTOREVISED 1989,
RELIANCE, TX, 1959, PHOTOREVISED 1980, AND FERGUSON CROSSING, TX, 1959, PHOTOREVISED 1980. TO NAVASOTA RIVER BELOW LAKE

LIMESTONE, SEGMENT 1209
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ATTACHMENT 3
FACILITY SITE MAP

Texas Municipal Power Agency
Gibbons Creek Steam Electric Station

Carlos, Texas

CRL CAK CRL
AS SHOWN

1 1

LEGEND

DRAINAGE AREAS PERMITTED UNDER TPDES
PERMIT NO. 02120

OUTFALLS PERMITTED UNDER TPDES PERMIT NO.
02120

LEACHATE COLLECTION SYSTEM PIPING

DRAINAGE AREAS

A = COAL PILE STORAGE & CONVEYANCE & MAINTENANCE

B = POWER ISLAND, ASH PONDS, & LARGE SWITCH YARD

C = ADMINISTRATIVE AREAS

D = RAIL LOOP & UNLOADING AREA

E = WAREHOUSE & FACILITY ENTRANCE ROAD

F = SCRUBBER SLUDGE POND AREA

G = SITE A LANDFILL

H = SITE F LANDFILL

OUTFALL 001
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ATTACHMENT 4
AFFECTED LANDOWNERS MAP

TEXAS MUNICIPAL POWER AGENCY
Gibbons Creek Steam Electric Station

Carlos, Texas

CMS LMc CRL
AS SHOWN

1 1

LEGEND

TMPA GIBBONS CREEK STEAM ELECTRIC
STATION PROPERTY

TMPA GIBBONS CREEK LIGNITE MINE PROPERTY

EASEMENT

LAKES & PONDS

SURROUNDING LANDOWNERS PROPERTY

TMPA PROPERTY BOUNDARY

DISCHARGE ROUTE

LANDOWNER REFERENCE NUMBER

NOTES:

1. THE AFFECTED LANDOWNERS TABLE (ATTACHMENT 4
OF THE 2004 TPDES PERMIT APPLICATION) LISTS THE
NAMES AND ADDRESSES OF AFFECTED LANDOWNERS.

45
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Ref.
No. Landowner 

Ref. 
No. Landowner 

8. KEN BEENE 

%M MITCHELL BEENE 

14390 FM 244 

IOLA, TX  77861-366 

9. SECRETARY OF HOUSING & URBAN 

DEVELOPMENT 

C/O FIRST PRESTON FRCLR SPEC 

5040 ADDISON CIRCLE #113 

ADDISON, TX  75001-3352 

12. RS BUTAUD 

%RUSSELL BUTAUD 

7354 CR 176 

BEDIAS, TX  77831-9304 

14. SPEEDMAN BEACH PROPERTIES LP 

9312 LAKE FORREST ST 

COLLEGE STATION, TX  77845 

21. MARY S CLAY 

6102 WISTER LN 

HOUSTON, TX  77008-6246 

 

25. WANDA JUNE DAVIS 

5917 HWY 30 

ANDERSON, TX  77830-8903 

 

26. KENNARD A & PEGGY RAMSEY 

10962 FM 244 

ANDERSON TX  77830-6423 

28. LENA L FINLEY 

8588 CR 173 

IOLA, TX  77861-3601 

 

30. TRUMAN O FLYNT 

7266 CR 166 

IOLA, TX  77861-3579 

31. ROY AND SHERYL GILBERT 

606 GIBBS ST 

NAVASOTA, TX  77868-4314 

 

35. PATRICIA GORNEY  

%ANGELA M GARNEY 

6635 BELDART 

HOUSTON, TX  77087-6509 

 

36. KENNETH U AND MARY HACKNEY 

1209 GLADE ST 

COLLEGE STATION TX  77840-4436 

 

37. TEXANNA FRANCES HEAD 

C/O RICHARD HEAD 

11153 FOREST DR 

COLLEGE STATION, TX  77845-3112 

 

38. HC AND WIFE HILL 

6119 DUMFRIES 

HOUSTON, TX 77096-4646 

 

42. MICHAEL E PULKKINEN 

8703 ADA OAKS LN 

ANDERSON, TX  77830-8935 

 

43. JC HOWARD CHILDREN 

5841 CR 157 

IOLA, TX  77861-4362 

46. TAMMY PULKKINEN 

8703 ADA OAKS DR 

ANDERSON, TX  77830-8935 

 

49. RUSSELL E & MARGARET RITZ 

24114 RAINCREEK DR 

TOMBALL TX  77375 
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Ref.
No. Landowner 

Ref. 
No. Landowner 

50. JAMES M AND ROBIN T JOHNSON 

13715 FM 244 

IOLA, TX  77861-3673 

 

55. LELAND L & KATHY ANN SYLVA 

1120 FELDER ST 

NAVASOTA, TX  77868 

58. ROY LEE KOLBASINSKI 

% DIANNE E KOLBASINSKI 

9590 FM 244 

ANDERSON, TX  77830-8948 

 

59. RUTH J KOLBASINSKI 

7480 HWY 30 

ANDERSON, TX  77830-8231 

60. DANIEL E & MELISSA CROSS 

1368 DUBARRY 

HOUSTON, TX  77018 

 

64. RAYMOND LAVENDER 

4104 OLD HEARNE RD #46 

BRYAN, TX  77803-0665 

69. HERBERT E ETUX MARTIN  

13585 FM 244 

IOLA, TX  77861-9506 

 

73. EDNA E MC DONALD 

13998 FM 244 

IOLA, TX  77861-3672 

 

74. FRED W MC DONALD 

13998 FM 244 

IOLA, TX  77861-3672 

82. THOMAS E PERRY JR 

12261 TRAILS END LN 

BEDIAS, TX  77831-9431 

 

87. SMITH FAMILY PARTNERS LP 

% LINDA BEENE, GENERAL PART 

3703 OLD OAKS 

BRYAN, TX  77802 

 

88. BRENDA JOY SMITH 

9124 STEEP HOLLOW RD 

BRYAN, TX  77808-6600 

91. KEVIN AND MARTI STEPHENS 

8628 CR 171 

ANDERSON, TX  77830-7846 

 

94. KENNETH WAYNE TERRY 

10850 FM 244 

ANDERSON, TX  77830-6421 

 

96. PENELOPE SUE THOMAS 

14222 BUGGY LANE 

COLLEGE STATION, TX  77845-6882 

 

98. BOBBY JOE TRANT 

13769 FM 244 

IOLA, TX  77861-3673 

100. HAROLD TRANT 

14017 FM 244 

IOLA, TX  77861-4092 

 

101. JAMES RAY & CYNTHIA TRANT 

17968 FM 244 

IOLA, TX  77861-3652 

 

104. OMA LEE VAUGHN 

14058 FM 244 

IOLA, TX  77861-3670 

120. VADA C JARVIS 

8317 CR 171  

ANDERSON,TX 77830 
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BOILER

NOTES:

A.  ALL FLOWS ARE IN THOUSAND GALLONS PER DAY.

B.  STORMWATER RUNOFF FLOWS ARE BASED ON
HISTORICAL RAINFALL AVERAGE FOR COLLEGE STATION,
TEXAS (APPROXIMATELY 1978 TO 2009).

C.  STORMWATER RUNOFF FLOWS OFFSITE IS COVERED BY
GENERAL PERMIT.

D. STREAMS B, C, D, E AND F ARE ESTIMATED BASED ON
PRESSURE MEASUREMENTS TAKEN AT THE INTAKE LINE
TO THE PUMP.  FLOWS REPRESENT MAXIMUM
POTENTIAL USAGE.  ACTUAL FLOWS VARY BASED ON
PROCESS NEEDS.

E.  OUTFALL 003 IS NOT ACTIVE, AND IS NOT SHOWN ON
THIS WATER BALANCE.

F.  THE SUM OF FIRE PROTECTION SYSTEM WATER (XX),
SERVICE AND YARD IRRIGATION SYSTEM WATER (MM),
COAL DUST SUPPRESSION WATER (P), AND
EVAPORATIVE LOSSES EQUAL 4 MGD PER AVAILABLE
TMPA PROCESS KNOWLEDGE.  RECORDS ARE NOT
AVAILABLE TO QUANTIFY FLOWS FOR THESE SERVICES.

G. STEAM NOT UTILIZED EXCEPT IN THE EVENT OF
SEASONABLY HEAVY RAIN EVENTS.

LEGEND

EVAPORATION

NOT CURRENTLY ACTIVE

STREAM

ANNUAL AVERAGE FLOW

WATER STREAM

LOW VOLUME WASTEWATER STREAM AS
DEFINED IN TMPA'S TPDES PERMIT NO.
02120, OTHER REQUIREMENTS SECTION

ONLY ACTIVE ON EMERGENCY BASIS

FORECAST RE-ACTIVATING APRIL 2011

PLANT AUXILIARY
NON-CONTACT

COOLING WATER
SYSTEM (ACW)

PLANT CIRCULATING
COOLING WATER SYSTEM

(NON CONTACT)

HEAT
EXCHANGER

OIL STORAGE AREA RUNOFF
(3.7 ACRES)

POWER ISLAND RUNOFF
(22.3 ACRES)

PLANT WASHDOWN
(FLOOR DRAINAGE)

MAKE-UP
CLARIFIER

ULTRAFILTRATION SYSTEM

ASH
PONDS

(25.0 ACRES)

DE-WATERING
BINS

BOTTOM ASH SLUICING /
TRANSPORT SYSTEMS

(FURNACE BOTTOM)

METAL CLEANING
(AIR PREHEATER WASH,

BOILER CLEANOUT, ETC.)

G
IB

B
O

N
S

 C
R

E
E

K
R

E
S

E
R

V
O

IR

TREATED WATER
STORAGE TANK

MAKE-UP
DEMINERALIZER

PLANT COLLECTION
POND

(34.0 ACRES)

HH [546.0]

LL [72.0]

WATER CONSUMED IN ASH
SLUICING TRANSPORT

SERVICE WATER SYSTEM [SWS]

B
[4

,0
00

]

A [16,500]

RAIN WATER
42.7 INCHES/YEAR

(B)

I [90.0 MAX]

KK [0.0]
OUTFALL 201

W [188.0]

PURCHASED DRINKING
WATER / POTABLE WATER

SYSTEM

X [18.0]M [12.0]

COAL PILE STORAGE AND
HANDLING RUNOFF

(26.9 ACRES)

MAINTENANCE AREA RUNOFF
(8.6 ACRES)

L  [71.0]

K [85.0]

WATER LOST AS STEAM

BOILER BLOWDOWN

FF [60.0]

W   [127.0]

CWS

JJ [72.0]

WATER LOST IN
DEWATERING ASH

TO GIBBONS CREEK
RESERVOIR

TO CARLOS LAKE

IRRIGATION SYSTEM

WASTEWATER TO ASH PONDS

GG [2.0]

Y [152.5]

REVERSE OSMOSIS (RO)
NN [90.5]

WASTEWATER

V [62.0]

DD [60.0]

BOILER MAKE-UP
EE [60.0]

O [159.0]

J [27.0]

COAL DUST
SUPPRESSION

P [SEE NOTE F]

SCRUBBER
SLUDGE POND

SITE A LANDFILL
(SAL)

G [54.0]

SURFACE RUNOFF SEE NOTE C

SITE F LANDFILL
(SFL)

H [13.0]

SURFACE RUNOFF SEE NOTE C

OTHER PLANT AREAS

SURFACE RUNOFF SEE NOTE D

SAL/SFL STORMWATER/LEACHATE
COLLECTION PONDS

(SAL PONDS 1-12, SFL POND 3)

OUTFALL 001

OUTFALL 002
U [ 0.0]

EMERGENCY SPILLWAY

OUTFALL 101

OUTFALL 004

SEWAGE TREATMENT

CC [2.0]

N [6]

D [12,500]

C [12,500]

[412,000]

PERMEATE
TANK

00 [60.0]

FIRE PROTECTION
SYSTEM

TRANSPORT SYSTEM

STORMWATER/ LEACHATE

(~1X/YR)
FLOW

INTERMITTENT

BASIS OF FLOW DATA

TPDES DISCHARGE MONITORING REPORTS

PROCESS KNOWLEDGE

RO UNIT/CLARIFIER  OPERATING LOG
(2002-2003)

FLOW METER READING (2007-2009)

HYDROLOGIC EVALUATION OF LANDFILL
PERFORMANCE (HELP) MODEL

FLOW IS NEGLIGIBLE

ESTIMATED FLOW BASED ON INCOMING/
OUTGOING STREAM FLOWS

[332.0]

[NEG]

[11.0]

[59.0]

[4,000]

[54.0]

XX [SEE NOTE F]

[55.0]

X [18]
Z+NN [97.0]
GG [2]
S [SEE NOTE G]
FF+SS [204]
KK [0.0]

TO BOTTOM ASH

MM [SEE NOTE F]

SERVICE WATER AND YARD

LABORATORY AND
SAMPLING STREAMS

YY [NEG]

SULFURIC ACID

CAUSTIC ACID

SODIUM HYPOCHLORITE
SODIUM BROMIDE

ELIMINOX

INTERMITTENT FLOW (~1X/YR)

BLOWDOWN TO
ASH PONDS

Z [6.5]

RR [107.0]
PLANT COLLECTION POND AREA

RUNOFF/RAINFALL ACCUMULATION

ZZ [79.0]

ASH POND AREA
RUNOFF/RAINFALL

ACCUMULATION

Q [720]SO2  SCRUBBER

PRIMARY
DEWATERING

SECONDARY
DEWATERING

REACTION
TANK

RECLAIM
TANK

F [400,000]

E [400,000]

GYPSUM PILE STACK
OUT RUNOFF
(1.4 ACRES)

ZZ [5.0]

FERRIC CHLORIDE
ORGANO SULFIDE
CAUSTIC
FLOCCULANT

SCRUBBER
PURGE

TREATMENT
SYSTEM

SS [144]

QQ [1.6]

REGENERATION WASTEWATER

FERRIC
CHLORIDE

SHEET NO.
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Attachment 8 - Impoundment Liner Information 
 
Impoundment: SAL Pond 1 
 
Date Constructed: Between 1982 and 1992 
 
Description of Liner: 
 
According to Conversion Systems, Inc. design drawings (DWG No:F151L-L11, and DWG 
No:F151L-L16), dated August of 1982, “2’ LOW PERMEABILITY LINER (WHERE REQ’D)” is 
called out for the SAL Pond 1 liner. This suggests that an in-situ liner was utilized elsewhere.  
 
Limited geotechnical data are available in the vicinity of SAL Pond 1. Borings are summarized 
in “Solid Waste Management Manual for Gibbons Creek Steam Electric Station, Carlos, Grimes 
County, Texas, Site A Landfill” authored by Conversion Systems, Inc. and dated September, 
1982.  The closest boring with geotechnical data was drilled approximately 1,900 feet east-
southeast of SAL Pond 1 (B-1). Another boring was drilled approximately 800 feet east-
southeast of SAL Pond 1 (B-2) and suggests similar geological information as B-1.  
 
Soil boring B-1 was drilled on January 20, 1982 to a total depth of 25 feet. Available data 
indicates: 

• 0 – 19 feet below grade:  “stiff dark brown silty clay”  

• 19 – 25 feet below grade:  “hard gray clay”  
 

Within the range of 3 to 4.5 feet below grade, the following geotechnical parameters were 
obtained: 

• %Passing No. 200 Sieve:  69.4 

• Liquid Limit:  48 

• Plastic Limit:  15 
 
Soil boring B-2 was drilled on January 26, 1982 to a total depth of 40 feet. No geotechnical data 
is available with this boring, however the boring log indicates the following for B-2: 

• 0 – 11 feet below grade:  “hard light brown silty clay”  

• 11 – 40 feet below grade:  “hard gray clay”  
 

In addition to B-1 and B-2, in 1983 a monitor well (LHMW3) was installed to a depth of 26.25 
feet below grade approximately 200 feet east of SAL Pond 1. Monitoring well descriptions are 
presented in a transmittal from the Texas A&M University Center for Engineering Geosciences 
to the Gibbons Creek Steam Electric Station (GCSES) dated November 11, 1986. The lithology at 
this most proximate location is described as “clays of the Caddell aquitard” which suggests a 
continuous clay rich soil layer in the vicinity of SAL Pond 1. 
 
Impoundment information is documented in the Phase IIf: Engineering Summary of Pond Design 

and Construction, ERM, April 18, 2005. 
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Impoundment: SAL Pond 2 
 
Date Constructed: Between 1982 and 1992 
 
Description of Liner: 
 
According to Conversion Systems, Inc. design drawings (DWG No:F151L-L11, and DWG 
No:F151L-L16), dated August of 1982 “2’ LOW PERMEABILITY LINER (WHERE REQ’D)”is 
called out for the SAL Pond 2 liner. This suggests that an in-situ liner was utilized elsewhere.  
 
Limited geotechnical data are available in the vicinity of SAL Pond 2. Borings are summarized 
in “Solid Waste Management Manual for Gibbons Creek Steam Electric Station, Carlos, Grimes 
County, Texas, Site A Landfill” authored by Conversion Systems, Inc. and dated September, 
1982.  The closest boring with associated geotechnical data was drilled approximately 250 feet 
west of SAL Pond 2 (B-3).  
 
Soil boring B-3 was drilled on January 20, 1982 to a total depth of 25 feet. Available data 
indicates: 

• 0 – 8’ below grade: “very stiff dark brown silty clay” 

• 8 – 16’ below grade: “dense tan silty fine sand”  

• 16 – 25’ below grade: “hard light brown clay” 
 

Within the range of 0 to 5.5 feet below grade, three geotechnical samples were analyzed. 
Geotechnical data is available for samples taken from 0.5-2 feet 25’ below grade, 2.5-4 feet 25’ 
below grade, and 4-5.5 feet 25’ below grade. The following geotechnical parameters were 
obtained (in order of increasing depth): 

• %Passing No. 200 Sieve:  89.3, 76.3, and 71.1 

• Liquid Limit:  53, 56, and 52 

• Plastic Limit:  10, 19, and 22 
 

A monitoring well was installed to a depth of 15.59 feet below grade approximately 200 feet east 
of SAL Pond 2 (LHMW13) and indicates that below an 8 inch topsoil layer, a layer 
approximately 9 feet thick exists consisting of clays, clayey sand, silty clay, silty sand with clay, 
and sandy silt with clay. 
 
Impoundment information is documented in the Phase IIf: Engineering Summary of Pond Design 

and Construction, ERM, April 18, 2005. 
 



 8-3 G:\2010\0115940\015387H\15387HAtt8.doc 

Impoundment: SAL Ponds 3 and 4 
 
Date Constructed: Between 1982 and 1994 
 
Description of Liner: 
 
According to Conversion Systems, Inc. design drawings (DWG No:F151L-L11, and DWG 
No:F151L-L17), dated August of 1982 “2’ LOW PERMEABILITY LINER (WHERE REQ’D)” is 
called out for the SAL Pond 3 and 4 liner. This suggests that an in-situ liner was utilized 
elsewhere. 
 
Limited geotechnical data are available in the vicinity of SAL Pond 2. Borings are summarized 
in “Solid Waste Management Manual for Gibbons Creek Steam Electric Station, Carlos, Grimes 
County, Texas, Site A Landfill” authored by Conversion Systems, Inc. and dated September, 
1982.  The closest borings with associated geotechnical data were drilled approximately 950 feet 
north-west (B-7), 800 feet south-west (B-8) and 1,300 feet south-west (B-9) of SAL Pond 3. These 
borings are approximately 1,900 feet north (B-7), 1,200 feet north (B-8), and 1,000 feet northwest 
(B-9) of SAL Pond 4.  
 
Soil boring B-7 was drilled on January 25, 1982 to a total depth of 38.5 feet. Available data 
indicates: 

• 0 – 13’ below grade: “dense tan silty fine sand” 

• 13 – 33’ below grade: “dense gray clayey fine sand”  

• 33 – 38.5’ below grade: “hard bluish-gray siltstone” 
 

Within the range of 3 to 4.5 feet below grade, the following geotechnical parameters were 
obtained: 

• %Passing No. 200 Sieve:  54.2 

• Liquid Limit:  53 

• Plastic Limit:  56 
 
Soil boring B-8 was drilled on January 25, 1982 to a total depth of 25 feet. Available data 
indicates: 

• 0 – 9’ below grade: “dense tan silty fine sand, w/ clay seams” 

• 9 – 25’ below grade: “very stiff light brown clay”  
 

Within the range of 6 to 7 feet below grade, the following geotechnical parameters were 
obtained: 

• %Passing No. 200 Sieve:  88.4 

• Liquid Limit:  78 

• Plastic Limit:  29 
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Soil boring B-9 was drilled on January 23, 1982 to a total depth of 40 feet. Available data 
indicates: 

• 0 – 23’ below grade: “dense light gray silty fine sand” with clay seams at 7.4’ and 14.5’ 

• 23 – 40’ below grade: “very stiff brown clay”  
 

Within the range of 3 to 4.5 feet below grade, the following geotechnical parameters were 
obtained: 

• %Passing No. 200 Sieve:  74.4 

• Liquid Limit:  54 

• Plastic Limit:  37 
 
In addition to B-7, B-8, and B-9, three monitoring wells were installed in the vicinity of SAL 
Ponds 3 and 4 for which geotechnical descriptions are available. Monitoring well descriptions 
are presented in a transmittal from the Texas A&M University Center for Engineering 
Geosciences to the Gibbons Creek Steam Electric Station (GCSES) dated November 11, 1986. In 
1983 a monitor well (LHMW5) was installed to a depth of 38.28 feet below grade approximately 
350 feet south-east of SAL Pond 3. The well description indicates that from grade to 
approximately 12 feet below grade the Middle Wellborn Sand, “a very fine grained silty 
sandstone to sandy siltstone” was encountered. From approximately 12 feet below grade, the 
Middle Wellborn Shale, “a ripple-laminated gray clay which is interlaminated with varying 
amounts of very fine sand and silt” was encountered.  
 
Also in 1983 a monitor well (LHMW6) was installed to a depth of 72.25 feet below grade, 
approximately 400 feet west of SAL Pond 4. The well description indicates that from grade to 
approximately 38 feet below grade, the Middle Wellborn Shale was encountered. Following the 
38 feet of laminated gray clay formation is an approximately 15 foot thick Bedias Sandstone, 
“light gray, slightly ferruginous, very fine grained silty sandstone to sandy siltsone” Layer 
followed by the Caddell Formation, “a shaly unit consisting of soft, cream colored, thin bedded 
sandy clay which contains numerous thin lenses of light gray, fine grained sandstone.” 
 
An additional monitor well (LHMW10) was installed to a depth of 72 feet below grade, south of 
LHMW6, but also approximately 400 feet west of SAL Pond 4. The well description indicates 
that from grade to approximately 23 feet below grade, the Middle Wellborn Sand was 
encountered followed by approximately 28 feet of Middle Wellborn Shale. From approximately 
51.5 feet below grade to approximately 61 feet below grade, the Bedias Sandstone was 
encountered, followed by the Caddell Formation. 
 
In 1993/1994, several ponds at the GCSES facility were upgraded to accommodate a new 
leachate collection system. SAL Ponds 3 and 4 were included in this project. According to a 
memo authored by Cook-Joyce Inc. in combination with their report, “Technical Specifications 
for Texas Municipal Power Agency Gibbons Creek Steam Electric Station Site “A” Ash Landfill 
Drainage Collection System” dated November 16, 1992, SAL Pond 4, “will be constructed by cut 
and fill methods to the configurations shown on the plans.” In addition, the memo stated that 
SAL Ponds 3 and 4 “will be lined with two feet of clay as described in the Texas Department of 
Water Resources Industrial Solid Waste Technical Guideline No. 4.” The clay lining techniques 
specified in the aforementioned technical specification document and accompanying figures 
include: 
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• Clay material will be taken from an approved on-site borrow source; 

• Material containing foreign material will be discarded; 

• The compacted sub-grade of the pond will be shaped by cut and fill methods to two feet 
below the lines and grades illustrated on the design drawings, scarified two inches in depth, 
and approved; 

• The first lift will be placed, spread in a uniform horizontal lift not to exceed nine (9) inches 
loose thickness; 

• The material will be compacted with a sheepsfoot roller to 95 percent; 

• Each lift will be scarified to a minimum depth of two inches;  

• The clay will be kept moist to prevent drying; and 

• A one-foot protective cover will be placed over the compacted clay following the same 
procedure. 

 
Impoundment information is documented in the Phase IIf: Engineering Summary of Pond Design 

and Construction, ERM, April 18, 2005. 
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Impoundment: SAL Ponds 5-10 
 
Approximate Date Constructed:  1993-1994 
 
Description of Liner: 
 
According to the “Solid Waste Management Manual for Gibbons Creek Steam Electric Station, 
Carlos, Grimes County, Texas” authored by Conversion Systems, Inc. revised in September 
1982, there is at least 8 feet of in-situ clay along the westerly portion of the Site A Landfill in the 
area where SAL Ponds 5-10 are located. 
 
According to “Technical Specifications for Texas Municipal Power Agency Gibbons Creek 
Steam Electric Station Site “A” Ash Landfill Drainage Collection System” authored by Cook-
Joyce Inc. and dated November 16, 1992, these ponds were to be lined with geomembrane liner.  
Plant personnel indicate that a compacted clay liner was installed in place of the proposed 
geomembrane liner. The clay lining techniques specified in the aforementioned technical 
specification document and accompanying figures include: 

• Clay material will be taken from an approved on-site borrow source; 

• Material containing foreign material will be discarded; 

• The compacted sub-grade of the pond will be shaped by cut and fill methods to two feet 
below the lines and grades illustrated on the design drawings, scarified two inches in depth, 
and approved; 

• The first lift will be placed, spread in a uniform horizontal lift not to exceed nine (9) inches 
loose thickness; 

• The material will be compacted with a sheepsfoot roller to 95 percent; 

• Each lift will be scarified to a minimum depth of two inches;  

• The clay will be kept moist to prevent drying; and 

• A one-foot protective cover will be placed over the compacted clay following the same 
procedure. 

 
According to geotechnical testing performed by Buchanan Soil Mechanics, Inc. from December, 
1993 through October, 1995 at least 5 lifts of clay were placed in the development of the liner of 
SAL Ponds 5-10. The testing done on the lifts indicate that the placed clay had the following 
range of properties over approximately 30 samples: 

• %Passing No. 200 Sieve:  67.7-98.9 

• Liquid Limit:  38-82 

• Plasticity Index:  23-51 

• Permeability: 1.60x10-9 – 9.28x10-8 
 

Impoundment information is documented in the Phase IIf: Engineering Summary of Pond Design 

and Construction, ERM, April 18, 2005. 
 



 8-7 G:\2010\0115940\015387H\15387HAtt8.doc 

Impoundment: SAL Ponds 11-12 
 
Approximate Date Constructed:  1994-1995 
 
Description of Liner: 
 
According to the “Solid Waste Management Manual for Gibbons Creek Steam Electric Station, 
Carlos, Grimes County, Texas” authored by Conversion Systems, Inc. revised in September 
1982, there is at least 8 feet of in-situ clay along the westerly portion of the Site A Landfill in the 
area where SAL Ponds 11 and 12 are located. 
 
According to geotechnical testing performed by Buchanan Soil Mechanics, Inc. from December, 
1993 through October, 1995 at least 6 lifts of clay were placed in the development of the liner of 
SAL Pond 11 and at least four lifts of clay were placed in the development of the liner of SAL 
Pond 12. The testing done on the lifts indicate that the placed clay had the following range of 
properties from approximately 13 samples: 

• %Passing No. 200 Sieve:  69.0-96.5 

• Liquid Limit:  47-73 

• Plasticity Index:  24-47 

• Permeability: 1.77x10-9 – 3.20x10-8 
 
Impoundment information is documented in the Phase IIf: Engineering Summary of Pond Design 

and Construction, ERM, April 18, 2005. 
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Impoundment: SFL Pond 3 
 
Approximate Date Constructed:  1995 
 
Description of Liner: 
 
Limited geotechnical data are available in the vicinity of SFL Pond 3. Borings are summarized in 
“Texas Municipal Power Agency, Bryan, Texas, Site F Landfill Construction – Phase I” authored 
by Black & Veatch Engineers-Architects and issued received April 4, 1989. The three most 
proximate borings with available geotechnical data were drilled approximately 200 feet west (B-
13), in the center of (B-14), and approximately 300 feet south-east (B-15) of SFL Pond 3.  
 
Soil boring B-13 was drilled on February 29, 1988 to a total depth of 50 feet. Available data 
indicates varying layers of clayey sand, and silty clay to a depth of 50 feet. Within the range of 8 
to 10 feet below grade, the following geotechnical parameters were obtained: 

• Liquid Limit:  60 

• Plastic Limit:  26 

• Plasticity Index: 34 
 
Soil boring B-14 was drilled approximately in the middle of the current SFL Pond 3 on February 
29, 1988 to a total depth of 50 feet. Available data indicates varying layers of sandy clay, clay, 
and silty clay to a depth of 28 feet. Within the range of 13 to 15 feet below grade, the following 
geotechnical parameters were obtained: 

• %Passing No. 200 Sieve:  16 

• Liquid Limit:  26 

• Plastic Limit:  23 

• Plasticity Index: 3 
 

Soil boring B-15 was drilled on February 23, 1988 to a total depth of 35 feet. Available data 
indicates a 2 foot layer of undifferentiated overburden over varying layers of silty clay, sandy 
clay, and clayey sand to a depth of 10 feet underlain by sandstone to 38 feet. Within the range of 
3 to 4 feet below grade, the following geotechnical parameters were obtained: 

• %Passing No. 200 Sieve:  50 

• Liquid Limit:  50 

• Plastic Limit:  18 

• Plasticity Index:  32 
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According to geotechnical testing summarized in “Site “F” Ash Landfill Expansion” authored 
by K.W. Brown Environmental Services and dated in segments from July through October 1995, 
forty-two (42) undisturbed soil samples were taken from the SFL liner for laboratory analysis. 
The properties of the liner tests indicate the following ranges of data: 

• %Passing No. 200 Sieve:  27.4-89.2 

• Liquid Limit:  33-79 

• Plasticity Index:  17-56 

• Permeability: 2.33 x 10-9 – 1.29 x 10-6 
 
Impoundment information is documented in the Phase IIf: Engineering Summary of Pond Design 

and Construction, ERM, April 18, 2005. 
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TMPA TPDES Permit No. 02120 
Attachment 9 

 

• Sodium Hypochlorite (12% solution) [Product name: Eco San] is added to the cooling water.  

The MSDS is attached. 

- Per a telephone conversation with Sue Fusco of Ecolab on July 8, 2004, tests have not 

been conducted on Eco San to determine the toxicity to fish and aquatic invertebrate or 

the half-life of sodium hypochlorite.  Additionally, Ecolab noted that chlorine in this 

product is not persistent and does not bioaccumulate; however, the environmental 

factors will affect the rate of decomposition.  The manufacture product ID is 13987.   

- TMPA adds Eco San to the cooling water at a total dose of approximately 6 gallons per 

day over a one-hour period.  

 

• Sodium Bromide (40% solution) is added to the cooling water.  The MSDS is attached. 

- Per a telephone conversation with Suren Mishra of TETRA on July 8, 2004, sodium 

bromide is very water-soluble, therefore, it is non-persistent and does not 

bioaccumulate.  Since TETRA does not manufacture this product, the manufacture 

product identification number is not applicable.   

- TMPA adds sodium bromide to the cooling water at a total dose of approximately 1.5 

gallons per day over a one-hour period.  

 

• Eliminox is added to the boiler make-up.  The MSDS is attached. 

- Per a telephone conversation with Hazal Huang of Nalco on July 8, 2004, Eliminox has a 

half-life of 14 days.  Additionally, Nalco noted that Eliminox is non-persistent and does 

not bioaccumulate.  Since Nalco does not manufacture this product, the manufacture 

product identification number is not applicable.   

- TMPA adds Eliminox to the boiler make-up at a total dose of approximately 2.75 gallons 

per day over a one-day period.  

 

• Caustic is added to the make-up demineralizer and will be added to the Scrubber Purge 

Treatment System.  The MSDS is attached. 

- Per telephone conversation with Frank Cook of Old World on July 8, 2004, caustic is 

non-persistent.  Since Old World does not manufacture this product, the manufacture 

product identification number is not applicable.   

- TMPA adds caustic to the make-up demineralizer at a dose of approximately 8,300 

pounds per month.  

- The amount of caustic that will be added to the Scrubber Purge Treatment System is yet 

to be determined. 

 

• Sulfuric acid is added to the make-up demineralizer.  The MSDS is attached. 

- Per telephone conversations with Mike Salzbrenner of DuPont on July 8, 2004, sulfuric 

acid is slightly to moderate toxic to aquatic life.  Additionally, DuPont also noted the 

following:  the study indicates that the 96-hour LD50 with blue gill sunfish is 10.5 ppm 
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and 42-hour TLM w/ flounder ranges from 100 to 200 ppm; this product reportedly 

does not bioaccumulate.   

- TMPA adds sulfuric acid to the make-up demineralizer at a dose of approximately 8,300 

pounds per month.  

 

• Aluminum sulfate (48% solution) is added to the make-up clarifier.  The MSDS is attached. 

- Per a telephone conversation with Univar, Univar has not performed any toxicity tests 

for aluminum sulfate.  Since Univar does not manufacture this product, the manufacture 

product identification number is not applicable.   

- TMPA adds aluminum sulfate to the make-up demineralizer at a dose of approximately 

16 gallons per day.  

 

• Ferric chloride will be added to the Scrubber Purge Treatment System.  The actual product 

to be used is undetermined at this time, and the MSDS will be provided when actual 

product to be used is determined. 

- The amount of ferric chloride that will be added to the Scrubber Purge Treatment 

System is yet to be determined. 

 

• Organo Sulfide will be added to the Scrubber Purge Treatment System.  The actual product 

to be used is undetermined at this time and the MSDS will be provided when actual product 

to be used is determined. 

- The amount of organo sulfide that will be added to the Scrubber Purge Treatment 

System is yet to be determined. 
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2/ 06/ P' 
Rev. 11 - 9 - 81

ROTATION

AMD VERT, 
POSITION

PH, 4+. 6" LL, FR• 0326T

MORRIS F / S, INC. M p, SHEET 1

INST. DWG. 5614750M2 REVB MORRIS SERIAL 0 M22544. 2545

ASSM, DWG, 5608849 Rev, C PUMP 4 VAC 14

DISCHARGE' VERT.: UP 8/ M MASTER # 144/ 04/ 3 CUSTOMER' TEXAS' MUN,; POWER AGENCY
915/ 00/ 2 ST. , , 

BEARING " 0" VM

OPER, INST, 0 2011

WRITTEN' PLR 09/ 26/ 79 COST' P. 0, 0 1316

APPROVED$ CUST,. NO,. 8852, . .: ,, 
0MMMI.. 1r......... M. Mr+ llwlw/ 1t...... o0. www..... 60 10000. 1111 .......... w. s. o. S. w. m. ... 10Nr00. 00. MM... IMlMiMfMU1w** 

ITEM DESCRIPTION MATERIAL NUMBER PART SOURCE REMARKS
NO. REQ NUMBER NUMBER . . . , .. _ . ._ SEC' ION- 1._. 

w..... M «..... w+. 14+ i . .......* ftIM......... w «««...... .. 

SCRUBBER AREA DRAINAGE PUMPS

100 CASING CAST IRON 1 5579200002 5191000CA ASTM A48 CLASS' 35

200 IMPELLER 6V 14, 000 28% CHROME IRON 1 4963001022 4892200AA AS$' M 4532, CLAS,SA, TYPE 4
DIA.. 

DYMAMIC BALANCE TO WITHIN 1, 9 OZ,' INCHES

300 SUCTION DISC CAST IRON 1< 4893300002 4893300AA ASTM A48 CLASS 35

31 SUCTION DISC' LINER CAST IRON 1 489440Q002 489440AA ASTM A48 CLASSI3S

400 HUB DISC CAST IRON 1 5194200002 5194200AA ASTM A48 CLASS 35

504 HUB THROTTLE: CAST IRON 1 5194300002 5194300AA ASTM 448 CLASS- 35

600 SHAFT STEEL 1 5606894103 A / St 0045

618 SHEAVE KEY STEEL 1 5582704104 HOW, 3/ 8" SQ' X 2- 5 / 8 "' LG, 

619 SHAFT SLEEVE 006500 STAIN ,' STEEL 1 4896900141 8100044141 AISI 0416

1116 SOC. PIPE SUB• ASSY, STEEL 1 5607181888 2t »10 «5/ 4 "- 0, 4, LG,_ 
1116A FLANGE STEEL 1 5583104104

1116P REDUCER STEEL 1 5583305104

1116C PIPE 27, 500 STEEL 1 5582804104 6" SCH, 040 X 2701/ 2 "' LG.. 

1600 PIPE COLUMN STRUC. STEEL 1 5606896104

2100 MOTOR SUPPORT STEEL 1 5614751104



2/ 06,' MORRIS MPS, INC. SHEi 2

MORRIS SERIAL 0 M22544 02545
PUMP 4 VJC 14

ITEM

NO, 

w . wwwwwwwwwwwwww wwwwwwomowomwo

DESCRIPTION MATERIAL NUMBER PART SOURCE REMARKS
REQ NUMBER NUMBER, _ SECTION " 1... 

I.... w.. . r........ wii.... ww...... lr+Lr. ...... wrrwwW• ww......., 

2119 PELT ADJ. SCREW S/ A STEEL 2 5601217807 001 / 22 / 8HOW, 
2119A HEX NUT STEEL 2 HOW,, 5/ 8 " 1011 , NC2, STD.. 
2119E COTTER PIN STEEL 2 HOWf 1/ 8 X 2" LG. 
2119C MASHER STEEL 4 HOW, 5/ 8" STD, FLAT

PA(5ED21190 THR RQn STEEL 2 HOW, 5/ 8". 11 NC2 X 9" LG. 
2119F HEX NUT STEEL 2 HOW, 5/ 8" 011 NC2 STD. 

2606 BELT ADJ. SCR. BRACKET STEEL 2 5604871104
2100, 2119) 

2700 SEA RIr' BUNA " NI F -4-9748-(13342 HOW, 
100300 ) 

0 FLOOR PLATE PLATE STEEL 1 5613677104 1" THICK PLATE

4900 BELT GUARD STEEL 1 5614752104

2101Y

7100 PRIMER 1 MOBIL ZINC it 1 GAL. CAN
NIMJM DRY THICKNESS WILL BE 4 MILS, PER TIPPETT 6 GEE SPEC. 

GC - 1166

600 HEX N15-- BOLT 6 HEXNUT STAIN, STEEL 8 HOW, 5/ 8 " 011 NC2 X 3" LG. 
100 09001) 18. 8

6 HEX HO BOLT S HEXNUT STAIN. STEEL 4 HOW, 7/ 8 ". 9 NC2 X 3. 1/ 4" LG. 
700 - 2800) 18 - 8

7604 HEX at) BOLT & HEXNUT STAIN. sf EL 8 HOW. 3/ 4 " - 10 NC2 X 3" LG. 
300 - 1116) 18. 8

HD BOLT & HEXNUT STEEL 2 HOW.' 5/ 8 ". 11 NC2 X 2. 172" LG. 
700 - 2100) 

7306 HEx 1 0 1710L N _ L HOW. 5/ 8 " - 11 NC2 X 2 - 3/ 4' 1- LG. 
710° 260607100) 



2 / obi' MORRIS ' MPS, INC. SHEE 3
AMM MwwMw

MORRIS SERIAL' 0 M22544. 2545
PUMP 4 VJC 14

ITEM

NO, 

DESCRIPTION MATERIAL NUMBER

REQ
PART

NUMBER
SOURCE
NUMBER

REMARKS
SECTION. 1.. 

7701 HEX HD, CAP SCREW

M

STAIN. STEEL 8 HOW.' 

00. 0 III o00wo.. MMwwww.. 00.. wM. M00. 

5/ 8° 1. 11' NC2 X 1 " 3/ 4" LG, 
18w8

5/ 8 "* l1 NC2 X 2' 1/ 4" LG.___ 7702

1 0- 00) 

HEX HD. CAP SCREW STAIN. STEEL 8

2

HOW.' 

HOW. 7703

100 - 400 E. 1600) 

HEX HDs CAP SCREW STAIN, STEEL

18. 8

1/ 2 " 013 NCZ X 1" LG.' 

7705

504. 400) 

HEX HDs CAP SCREW STAIN, STEEL

STEEL

STEEL

RUBBER CLOTH

RUBBER CLOTH

6

3

4

1

1 49751023

HOW.' 

HOW. 

HOW. 

HOW. 

HOW.' 

18. 8

7/ 8** 9 NC2 X 24414 LG. 
18008

3/ 8 ". 16 NC2 X 1/ 2"' LG,' 

5/ 8 "* 11 NC2 X_ 1_01 /3" . ` 

6107/ 8 "' OD X 4 "' ID X 1 /I6HK,. 

11": 00 X 9w17132 "_. O X

7706

70D « 1680) 

HEX HD. CAP SCREW

7707

2100. 4900) 

HEX HD, CAP SCREW

8101

2100. 9900) 

GASKET

8]. 03

100* 9001) 

GASKET

8104

100 - 400) 

GASKET RUBBER CLOTH 1

05

HOW, 

1/ 16" THK. 

11 "' 00 X 6" ID X 1/ 16" THKs

L8200

300 - 1116) 

WASHER STAIN.' STEEL 8 HOW, 5/ 8" STD, 

8201

7702) 

kASNER STAIN. STEEL 8 HOW, 

18. 8

5/ 8" STD, 

P202

771) 

WASHER STAIN. STEEL 8 HDW. 

18. 0

5/ 8" STn. 
7600) 18. 8



2/ 06/ MORRIS APS, INC. SHEE 4

MORRIS SERIAL # M22544 *2545
PUMP 4 VJC 14

ITEM
NO, 

DESCRIPTION MATERIAL NUMBER PART SOURCE
REQ NUMBER. „ NUMBER

REMARKS

SECTION * I . 

8204 WASHER STAIN, STEEL' 8

4

HOW, 

wow*, mom ww.. wwwwom . wwr,'.. iw .0nirr

3/ 411 STD, 

8205

7604) 

WASHER STEEL 2 HDW, 

18, 8

5/ 8" STD," 

8700

7 605) 

HEX NUT STEEL 2 HDW, 5/ 84 +11 NC2 STD, 
260-61: 

TACK WELD TO ITEM 2606

7- HDW, 

HOW;" 

5/ 8 " - 11 NC2 STD, 

4",, STD• WGT, PIPE X
4'* 2, 1/ 4" LG, 

8800 HEX N JT STEEL
2119) 

2

9000 DISCHARGE PIPE STEEL
9002+ 9003) 

1

1

5615210104

9001 FLANGE • WELDING NECK STEEL
100 - 9002) 

558-3003104 HDW, 411- 0. 1500, PART 030 TUBE TURN

9002 ELROW • SHORT RADIUS STEEL
9000 +9001) 

1 5582927104 HDW. 4 1 90 DEG., PART # 3 TUBE TURN

9003 FLANGE - ( SLIP - 01) STEEL
9000) 

1 5583103104 HDW, 4 ", 150 #, PART 050 TUBE TURN



2/ 06/ 

PUMP 4 VJC 14

4040 fis* O MOW

MORRIS MPS, INC. 
I, 

BEARING " 0" V'" 

LUBRICATION GREASE

SHEE

MORRIS SERIAL 0 M22544. 2545

WRITTENt PLN 09/ 26/ 79

401+.... 11

W WW n01!F0000A.. I 0010000 1. A. rWM001001000#0000X104001. M04li 010100 , 01W MMMM0MOorm OwoMi1. Yfprro1UAwrow
4040.,. 

4040. 4040 4040.. , 4040._._... 

ITEM OESCRIPTION MATERIAL' 

NO, , , 

NUMBER

REQ
PART

NUMBER

SOURCE REMARKS
NUMBER SECTIONO2___ 

rMr.. r. rrWrWtoworIMIiI rwierriormempMt WWrrfArrorr4rw!1 nft, 

5605036AA ASTM A159, GRADE G2500700

r rooroor41rorr. wor 0

SEARING FRAME' CAST IRON 1 5605036001

800 THRUST BEARING 2/ 2 9001217201 MRC7221DU DUPLEX MOUNTING DP
OR EQUAL

801 THRUST RRG.' HOUSING CAST IRON 1 5605037001 5605037AA ASTM A159. GRADE G2500

804

900

THRUST BRG.` RETAINER CAST IRON

RADIAL BEARING

1

2/ 2

5605039001

9001210203

5605039AA ASTM A159. GRADE G2500

MRC221RDU DUPLEX MOUNTING DB

904 RADIAL BRG.' RETAINER CAST IRON 1 5310800001 5310800AA

OR EQUAL

ASTM W91, GRADE' G2500

1900 GREASE SEAL
804) 

1

1' 

1

9241057030

9241100060

5605035002 5605035AA

JOHNSMMANVILLE # 8991 *LPD

2. 1/ 4' LJ D X 301/ 2" OD X . 50

1901 CREASE SEAL' 
904) 

JOHNS * MANVILLE # 5192 * LSD
3 * 15/ 16 ID X 5.4l8 OD X , 468

2300 SLINGER CAST IRON ASTM A48 CLASS 35

2430 EXCLUDER SLINGER
UPPER) 

1 JOMNS- MANVILLEs 11992SSW

2431 EXCLUDER SLINGER
Ln ER) 

1 JOMNSUMANVILLE$ 146135SW

7300

7400

THR 6 RAID PRG LCKNT

THR E RA0 RRG LKWSHR

2

2

9141021104

9389021104

HOW.- 

HDW. 

AN 21

W * 21

7730

L
HEX HO. CAP SCREW STEEL

801...804) 
8 HOW.. NC2 X 1+ 3/ 4" LG. 

7731 HEX HO. CAP SCREW STEEL
70C,.. 801) 

8 HDW. 1/ 2 " - 13 NC2 X 201/ 4" LG. 



2/ 06/ r MORRIS TS, INC. SHEE' 6
orror W W

MORRIS SERIAL 0 M225442545
PUMP 4 VJC 14

ITEM DESCRIPTION

NO. 

00 f 0 ... 00000000000000 .. 0 WWWW 00** opow

MATERIAL NUMBER PART SOURCE
REQ NUMPER , NUMBER

or

7732 HEX HO. CAP SCREW STEEL
1700* 904) 

8000 HEX SOC. SET SCREW STEEL' 
7300) 

VELLUMOID8100 GASKET

4

000004000000010000010000WWWW001. 190001

REMARKS

SECTION* 2
W 9. 00. 99. 990. 019011909wwwom0 WW • WW mielgiumwwww. 09.*, 

HOW'. 1) 249,13 NC2 X 144/ 2" LG. 

3

1

9100 GREASE FITTING
1700 E 91321

9131- PIPE NIPPLE
r ( 8041

9132 PIPE COUPLING

1-4I0n-w91.11

9200 SHIM
01- 804) 

4

HOW.- 1/ 4" 020 NC2 X 1/ 2" LG." 
VC- 3. TREATMENT-0

HOW.' 901) 2"' OD, X 7e1/ 2"' ID X
1/ 160, THK, 

HOWI ALEMITE * 1610

STEEL 2 HOW.: 1/ 84947 NPT X 4,011/ 2° LG. 

STEEL 2

9201 SHIM

f770•40-1-1- 

PLASTIC

ALUMINUM

1 4695726150

HDW.' 1/ 80.927 NPT STD'. 

HOW, REQUIRESs 3.. 005, 260100759

16 5604402252 HOW. 

2 00-20 ! MK. 



2 / 06 /=
r. MORRIS F ' S, INC. SHEET 7

MORRIS SERIAL 0 M22544. 2545

ITEM

NO. 

DESCRIPTION MATERIAL NUMBER PART SOURCE REMARKS
REQ . NUMBER NUMBER SEAT O J- S

1•.. - or. wwwr... olo11.! I wootMMIYMM4Qm ./ rwwwMN/ MIMMiwosmommtwom

RESALE ITEM' S

WOOD' S ULTRA - V BELT DRIVE OR EQUAL

5000

5000A

PUMP SHEAVE 1
BUSHING 1

5000) 

5V10. 9, 4, GR. 
E", BORES 105/ 8"' 

KEYSEATt 3/ 8" X 3/ 16" 

5001
5001A

MOTOR SHEAVE 1
BUSHING 1

5V8,010 4. 04141
Ell', BOREI Z. 1/ 8"._ 

5002

5001) 

BELTS 4' 

KEYSEATI 1/ 2" 

5V710

X 1/ 4" 

9900 n' OTOR. 3. 

50 HP, 11100 RPM, TEFC, 3/ 60/ 460V, S, F, L: 110, HQRIZ0 RWTINE_ IfilS
RELIANCE, FR, 326T

AND REPORTS, IMMERSION TEST ON WPII, 40 DEG, C AMB., CANT. DUTY, 

FE" INS, ON TEFC, B - ENCAP ON WPII, A/ F BEARINGS, 1/ 60/ 210V
SPACE HEATERS, OVERSIZE CONDUIT BOX, GND, HOLE IN FOOT, 

85 0BA MAX. AT 1 METER, STAIN.: ST.: NAMEPLATE, BEARING RTD S ON

300 HP, STATOR RTO' S ON 300 HP, PER QUOT. 2614• 3794A DATED
JULY 11, 1979, DIM, SHEET 602531+ 1- 



MORRIS' ! MPS, INC. 
prr., 0rMM

MORRIS SERIAL' 0

SHE( 8
I... wr wwwMa

M22544• 2545

rrrl. lowormwMl« owl. I000000 0140 m rwmmerwwwwwwwwolowl

ITEM DESCRIPTION MATERIAL NUMBER PART SOURCE REMARKS

NO, , • REQ NUMBER NUMBER ., . . , .. , .. SECTION +9
M.. UM.. Ml•.... 04. M 44 411IMWOOW. ww Mpll. wWWWW001o10 w.. ww0011WW01

INSTRUCTIONS

PERFORMANCE TEST REQUIRED w NON• WITNESS

EXTENDED WARRANTY REQUIRED

PAINT' MORRIS PUMPS INC. STD.; FINISN COAT WITH SPECIAL' 

PRIMER, SEE ITEM 7100•: 

SAME PLATE, TYPE ' 8" 
1- 110 --F-T, 9S. G. f I. 069 - CAP. 1- 800 PIA, TOTAL HEAD

SPEED' 1280 RPM, BHP' 36, 2

SCRUBBER AREA DRAINAGE PUMP
m. 125 —=— T• P• 014A, W$ D
m .. 22545 . 19. P '. 014B.- WSD



ORRIS
CENTRIFUGAL

PUMPS

TYPE 4VJC14 PUMP

Max. Sphere Size 13 ;8" 

Impeller Hydraulic No. 4963001

Casing Hydraulic No. 5579200 Number of Vanes 6

221. 1 CC -3A

January 1977

CURVE NO. B - 11165 14 DIA. IMPELLER SPEED VARIABLE RPM

70

65

60

55

50

45

40

35

30

25

20

15

10

5
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1750

200 -. 

160

120

80

40

1450
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ov

0 0\° : 0 : \ \\ co 0

Li) :, h ' :, 

ca

18

1160  j
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N - 
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950 ' _ 

870

NPSH REQUIRED

200 400
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40

30 1.- W
w

20 v_ 
S

10 a
Z

600 800 1000 1200 1400 1600 USGPM
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50 100 150 200 250 300 350 400

1 1 1 1 I 1 I 1 r 1

M3/ H

These curves show the choraclensfics w, rr our ^ nra c. ea war of 66` r- / 2' 0` 0

MORRIS PUMPS, INC. • BALDWINSVILLE, NEW YORK 13027
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1
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IF
875

VIEW "X- X.• 
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REF, 

gicro! ilmod

rd: troth *led
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RCTAT' TEN

AND
POSITION

VERT.' R. H. 0

MORRIS ADS, INC. 

6116 "LL, FR. 447T

SHEE 1' 

INST. DWG. 5614781M2 REV c MORRIS SERIAL 0 M2254602547

ASSM. OWG. 5614822 PUMP 10 VJC 22

DISCHARGE; VERT,' UP B/ M MASTER # 147/ 10/ 1 , CUSTOMER; TEXAS MUN. POWER AGENCY

915/ 03/ 1 ST.' , 
PLP. 10/ 03/ 79 CUST P. 0. # 1316

CUST. NO'. . 8852, 

BEARING 3 V" 

OPER. INST. # 2011

WR. ITTENP

APPROVED; 
r. w. l.•./ RM ' I• w• 1... 100. 10l wwPIwww wa WW. 1.. W 1Amommw1mM/ owftwoloww fwoopwwh110000. 10popA

ITEM nESCQIPTION MATERIAL, NUMBER PART SOURCE REMARKS
NO. REQ NUMBER NUMBER SECTION• 1

ow 00 0001001000000000000000* 00m WWWWWWW 0

ASH WATER PUMP COMPLEX

100 CASING CAST IRON 1 5609085002 5609085AA ASTM A48 CLASS 35

200 IMPELLER 5V 22. 000 CAST IRON 1 5609586002 5609050CA ASTM A48 CLASS 35
OIA. 

300 SUCTION DISC CAST' IRON 1 5609045002 5609045AA ASTM A49 CLASS 35

311 SUCTION DISC LINER CAST IRON 1 5609047002 5609047AA ASTM A48 CLASS 35

400 HUB DISC CAST IRON 1 5611035002 5609040AA ASTM A48 CLASS 35

504 NUB THROTTLE CAST IRON 1 • 5610989002 5610989AA ASTM A48 CLASS 35

600 SHAFT STEEL 1 5614786103 AISI # 1045

618 SHFAVE KEY STEEL 1 5582711104 HOW. 7/ 8" SQ. X 4. 1/ 2". LG'. 

619 SHAFT SLEEVE STAIN. STEEL 1 5609095141 AISI 1416

1116 SUC. PIPE SUB - SASSY. STEEL 1 5611191888 4' - O" 0. 4,' LNG. 
1116A FLAt1GE STEEL 1 5583107104
16 7 DUCER STEEL 1 5583314104

1116C PT0E 33. 500 STEEL 1 5582807104 12" STD.' WT. X 33. 1/ 2" LG.' 
LG. 

1600 PIKE C0L1,JM!'. STRUC. STEEL 1 5614783104

2100 m2TnR S PPORT STRUC. STEEL 1 5614785104



4- ' MORRIS ' PSt INC.. 
IL

SHEET 2

MORRIS SERIAL 0 M22546. 2547
PUMP 10 VJC 22

ITEM

N0. 

PMWW# wF• 

DESCRIPTION MATERIAL

ONONOWOM

NUMBER

REQ

OW. WWWM. M. Q - 00414000000WWuM. WWW* 00010+10. 000 IWWWWMWOMrM*00) 

PART SOURCE REMARKS
NUMBER : NVMRER ON+ 

2119 ADJUSTING SCREW STEEL' 2 5604852807 001/ 99/ 6HOW.' 

SE

SU4. 0ASSY. 
2119A HEX N1. T STEEL' 4' HDW,. 3/ 4". 3.0 NC2 S. P. HVY,; 
21198 COT. THREADED R00 STEEL, 2 HOW.. 3/ 44. 10 NC2 X 1. 0" LG. 

2700 01" RING SEAL BUNA " NW 1 4974809342 HOW.: 
100 - 400) 

2701 0" RING SEAL BUNA " N" 

100 • 300) 
1 4974808342 HDW.' 

2800 FLOOR PLATE STRUC. STEEL 1 5614787104

2801 DISCHARGE PIPE ADAPT PLATE STEEL 1 5614782104
PLATE

IELD TO 0ISLHARGE RIPE ( 9002) AT` ASSY.* 8EF_DRE WELDING FLANGE ( 9003) 
AFTER 8OLTING DISC.' PIPE ADAPT. PLATE ( 2801) TO FLOOR PLATE ( 2800) 

4900 PELT GUARD STEEL 1 5614784104

7100 PRIMER 1 MOBIL ZINC 7, 1 GAL. CAN
MINIMUM DRY THICKNESS WILL BF 4 MILS, PER TIPPETT G GEE GC • 1166

7600 HEX uD BDLT F, HEXNUT STAIN. STEEL 12 HOW.' 7/ 8 "• 9 NC2 X 3 01/ 2" LG,' 
100 • 9r00) 18. 8

7603 HEX HD BOLT ' HEXNUT STAIN. STEEL 8 HOW. 7/ 8 4• 9 NC2 X 3. 1/ 2" LG.' 
700 .01600) 18. 8

7604 HEX HD BOLT P HEXNUT STAIN. STEEL 4 HOW,' 7/ 849 NC2 X 3. 1/ 4' LG. 
700 - 2800) 18. 8

7605 HEX HO BOLT C HEXNUT STAIN. STEEL 12 HOW. 7/ 8 " 009 NC2 X 3. 3/ 4" LG. 
300 - 1116) 18-, 8

7606 HEX Mi) F flLT P HEXNUT STEEL 4 HOW. 3/ 4 " 0110 NC2 X 2. 1/ 4" LG.' 
210° 0. 2800) 



MmOmmigil

MORRIS INC, SHEE1 3

MORRIS SERIAL 0, M22546. 2547
PUMP 10 VJC 22

r P PP wOmWoOpOOMPINIMM ... MMWmOMMOOOMINOOMPWW0110010000000110, 000MOMMWO* 0. 10. 0110114MMWWWW00M001. 00

ITEM DESCRIPTION MATERIAL NUMBER PART SOURCE REMARKS
NO, . REQ NUMBER , , NUMBER SECTION-].. 

oo. o.... imourfolo ...... so 00000000 p. m oo

7607 HEX HO BOLT & HEXNUT STEEL. 4 HOW, 3/ 44. 10 NC2 X 2. 3/ 4" LG.' 
2100• 9900) 

7608 HEX HO BOLT & HEXNUT STAIN. STEEL 4 HOW. 1/ 2"-] 3 NC2 X 2. 1/ 4" LG. ‘ d
2800• 2P01) 18. 8

7700 HEX HD. CAP SCREW STAIN. STEEL 12 HOW. 3/ 44. 10 NC2 X 2" LGio' 
100. 300) 18. 8

7701 HEX HD. CAP SCREW STAIN, STEEL 8 HOW'. 3/ 46. 10 NC2 X 3" LG, 
170 . 400= 16-00) 18-.78- 

7702 HEX HD. CAP SCREW STAIN. STEEL 2 HOW, 0811. 11 NC2 X 1" LG. 
4000,5° 41- 18. 8

7704 HEX HO. CAP SCREW STEEL 4 HOW. 3/ 81(. 16' NC2 X 1/ 2" LG, 
21-3-• 4900) 

8101 GASKFT RUBBER CLOTH 1 HOW. 13. 1/ 4" op X 10" ID X
10• 9000) lavi THK,' 

8104 GASKET RUBBER CLOTH 1 HOW.. 15" 00 X 12" ID X 1/ 16THKo` 
730. 11-i-6) 

8201 wASHFR STAIN. STEEL 12 HOW. 3/ 46 STD, 
7700) 18. 8

8202 wASHFR STAIN.. STFEL 12 HOW.' 7/ 8" STOot 18- 8
f7. 7) 

8203 WASHER STA/ NI. STEEL 12 HOW. 7/ 8" STOo
C7F75I 1F1( 41

8204 WASH

174- 1) 

STEFL. 4 Hnw; 3/ 44 STO. 



MGRRIF '' MPS! INC.. SHEE 4

MORRIS SERIAL* M22546. 2547
PUMP 10 VJC 22

p• OW MM. MMPOWO OM. M. N - MI. MM

ITEM
N0, 

DESCRIPTION MATERIAL NUMBER

REQ
PART

NUMBER
SOURCE
NUMBER

REMARKS

SECTION - 1 .. 

8800 HEX JAM NUT. 

M.. 

STEEL 2 HOW.' 

MM.• MM... M. MM.. M.. w - M.. 1 • 

3/ 4 " + 10 NC2 STD, 

TUBE TURN P tooQ
9000

2119) 

FLANGE- WFLDING NECK' STEEL' 1 5583006104 HDW. 

9001

100. 9001) 

90 DEG. ELBOW STEEL

STEEL' 

STEEL

1

1

1

5582930/ 04

5615211104

558310104

HOW. 

HOW. 

HOW. 

10" 4 150 LB. 

SHORT RADIUS, TUBE TURN
PT 03, STD. WEIGHT

10" SCH.' # 40, 5' * 10" LG.' 

TUBE TURN PT * 50
10", 150 LB. 

9002

9000 - 9002) 

DISCHARGE PIPE

9003

9001• 9003) 

FLANGE SLIP -ON
9002) 



ORRI TIPS, INC. 

PJr P 10 VJC 22 HEARING 3 V' 

LUBRICATION GREASE

SHE, 5

MORRIS SERIAL 0 M22546 - 2547
WRITTEN$ PLN 10/ 03/ 79

ITEM DESCPIPTION MATERIAL

AT

NUMBER PART SOURCE REMARKS
NO, REQ NUMBER NUMBER SECTION. 2

700 REARING FRAME CAST IRON 1 5610780001 561078044 ASTM A159 GRADE G2500

800 THRUST BEARING 1 9001300202 MRC 230R ' OR EQUAL

801 THR. RPG. HOUSING CAST IRON 1 5610781001 534570084 ASTM 4159 GRADE G2500

804 THRUST BRG. RETAINER CAST IRON 1 5613810001 560420384 ASTM A159 GRADE G2500

819 THRUST BRG,' SPACER STEEL 1 5610784101 AISI 1020

830 THRUST BEARING 1/ 2 9ni07303 N/ A IRO 7330P OR EQUAL

900 RADIAL BEARING 2/ 2 9001380102 MRC 138KROU MTG. 08. OR EQUAL

904 RADIAL 8RG. RETAINER CAST IRON 1 5610785001 560111744 ASTM A159, GRADE G2500

1900 GREASE SEAL
8041

1 9241114071 J M9170 * LPD, 
4. 50 ID X 5. 50 OD X . 50

1901 GREASE SEAL 1 9241186108 JuM8990LUP
904) 7. 312 ID X 8. 438 OD X . 56

2300 SLI• JGEp. CAST IRON 1 5610786002 561078644 ASTM 448 CLASS 35
600 - 9(10) 

2707 toil Rion BUNA " N'+ 1 1/ 8" DIA., X 1503/ 4" ID, X
801 - 700) 16" On ( APPROX. 52" LG. ) 

7300 THRUST Bo G, LOCKNUT 1- 9143.030104 HDw. 4N30

7301 RADIAL RRG. LOCKNUT 1 9141038104 HOW, AN38

740E TNn.UST B ? G, L' WASHER

7401 a Ark IL R ~. LTVASHER

1 9389030104 HOW, W30

3 1189018104

HOWL, 
438



O• 

mORRIr

IMPS, INC. SHE(. 6
00000000000100 wwwwwwwww 0

MORRIS SERIAL * M22546. 2547
PUMP 10 VJC 22

www wwwwwww ww .11. 01. 1. poomm0010. 10.$ 10M0000001. 00NoomootsomplowowomoWwwwwwwwww01

ITEM

NO, 

DESCRIPT/ Om MATER/ AL NUMBER

REQ

PART SOURCE
NUMBER , NUMBER

REMARKS . . 

7730 HEY HO, CAP SCREW STEEL 8 HOW. 5/ 84.. 11, NC2 X 1. 03/ 44 LG.' 

7731

804.. 801) 

HEY HO. CAP SCREW STEEL 8 HOW. 3/ 44.40_NUA_24/ 44____L.G._ 1_ 

7732

801700) 

HEX HD.. CAP SCREW STEEL' 4 HOW. 1/ 24.43 NC2 X 1. 1/ 2" LG.' 

7733

900.700) 

HFX HQ:. CAP SCREW

904) 

GASKET

STEEL

VELLUMOID

STEEL

RLASTTC

3

1

3

3

1 4695727350

HOW. 

HOW.' 

HOW.' 

HDW.' 

HOW.- 

1/ 4420 NC2 X 1/ 2.1- 1. 1

14. 1/ 44' OD X 11. 1/ 2" / D. X .. alo

THK. 

1/ 4" STD. 

ALEMITE 0162708
1/ 4".. 18 NPT

REQ' SI 360003* 00ISTMX. 

8100

8203

904- 700) 

SHER

9101

7733) 

GRP.ASE FITUNG

92041

9201

700- 801• 8041

SHIM

601- 804) 

SHIM ALUM/ NUM 20 5605457252 HOW, 

3m$ 020THK

801- 700) 



22.L_ 3- MORR PUMPSINC, 
r

SH. 7

MORRIS SERIAL # M22546 2547

ITEM DESCPIPTIOH MATERIAL NUMBER PART SOURCE REMARKS

0. REQ. NUMBER. , NUMBER SECTI0NO3
r wr... r r

RESALE ITEMS

WOOD' S ULTRA - V BELT DRIVE OR EQUAL

5000 pU " P SHEAVE 1 5V2R. O, 8 GR.. 
5000A BUSHING 1 " J ", BORES . 3 - 1/ 2" 

KEYSEATI T/ 8" X 7/ 16" 

5001 MOTOR. SHEAVE 1 5V14. 0r 8 GR, 
5001A BUSHING 1 " F ", BORES 3 - 3/ 8" 

KFYSEATI 7/ 8" X1/ 16" 

FURNISH FLAT KFY 7/ 8" X 5/ 8" X 3 - 5/ 8" LG. 

5002 BELTS 7 5V1250

9900 MOTOR 1 RELIANCE, FR. 447T

2 - n HP, 1800 RPM, TEFC, 3/ 60/ 460V, S. F. 10. HORIZ., ROUTINE TESTS & 
RED0QTS, IMMERSION TEST ON WPII, 40 DEG. C AMB., CONT,. DUTY, BE ! NS. ON

TEPC, P. EmCAP, ON WPI1, A/ F REARINGS, SPACE HEATERS 1/ 60/ 230V, 
1T. - HPLE IN FOOT, 85 DBA MAX AT 1 METER, STAIN. ST. NAMEPLATE

REARING RTO' S QN 300 HP, STATOR RTD' S ON 300 HP, OVERSIZE

CONDUIT BOX. PER OUOT. 2610 - 3794A DATED JULY 11. 1979, 
7p. S 4.- 604990 - 60. 



MORRIF ! MPS, INC. SHEE B

MORRIS SERIAL' 0 M22546. 2547

ITEM DESCRIPTION + MATERIAL NUMBER PART SOURCE REMARKS
N0. REQ . NUMBER , NUMBER ECTIO 1w9

IM . 

INSTRUCTIONS

PERFORmANCE TEST REQ' D. # NON• WIT. 

EXTEmDED WARRANTY REVD.. 

PAINT: "^ ORRIS PUMPS, INC.: STD, FINISH COAT WITH SPECIAL PRIMER, 
SEE ITEM 7100

LAME PLATE t TYPE " B"' 

S. G. t 1. 1, CAPACITY' 5000 GPM, TOTAL HEAD' SO FT.. 
SPEED' 870 RPM+ PHP' 144

ASH MATER PUMP COMPLEX

M• 22546 • 1.. P• 23A - WSD
M• 22547 • • 1' P• 238• WSD
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Monnis INSTALLATION AND

OPERATING INSTRUCTIONS

INST. NO. W

PAGE.NO. 1

Section I General

This section is a general installation and opera- 

ting instruction for most Morris pumps. Specific

text and illustrations are included in Section II. The

purpose of Section I is to explain those conditions
common to different types of pumps. 

To insure pump performance and operating life, 
proper installation and reasonable maintenance are
required. The following instructions are a guide
for installation and maintenance personnel and the
pump operator. 

A. PREPARATION FOR SHIPMENT
Morris pumps are prepared at the factory for
shipment under covered conditions. They are
protected for transport and short term covered
storage. Unless otherwise specified, it is assumed

the pump will be installed upon delivery. Addi- 

tional protection can be provided by request. 

B. INSTALLATION

1. Location of Unit

The pump should be located in a clean, dry
area free from flooding. The area should pro- 

vide adequate space for maintenance and re- 
pair, considering complete disassembly and
handling of equipment. The unit should be
positioned to provide the most efficient pipe- 

line system. 

2. Piping
Short, direct suction and discharge pipelines

and a minimum of elbows and fittings result
in the least amount of pipe friction. 

Suction Piping
a. Excessive friction losses will cause cavita- 

tion. 

b. Must be kept free of air leaks, particularly
in long lines or conditions of high suction
lift. 

c. Flow regulating valves must not be located
on suction side of the pump. 

Discharge Piping
a. Excessive friction losses result in insuffi- 

cient head. 

b. A check valve should be located in the dis- 
charge line to protect the pump from reverse
flow and excessive pressure. 

Piping Support
The pumps are not designed to carry loads im- 
posed by the weight of the pipeline. Suction

and discharge piping must be supported near

Pump Instructions

the pump, unless otherwise specified. Pumps and

subbases can be designed to carry loads due to
thermal expansion. 

3. Foundation
The foundation must be a permanent, rigid support
for the subbase or floorplate. It should be an indus- 
trially accepted design capable of absorbing exces- 
sive vibration. Foundations are typically concrete
with anchor bolts cast in to secure the pump. 

An anchor bolt assembly consists of a bolt and
washer with a sleeve 2' h times the diameter of
the bolt. When the assembly is cast in concrete, 
the washer prevents the sleeve and bolt from being
pulled. The sleeve I. D. provides an adjustment
allowance around the bolt. A lug is generally
welded on the bolt to prevent rotation when tight- 

ening. Anchor bolts should be located in the
concrete by a template dimensioned from the
pump installation drawing. The top of the sleeve
should be temporarily sealed with waste material
to prevent concrete from entering during the
concrete pouring operation. 

Subbase

Finished

Grouting
11/ 2" 

Allowance
For Grout

Al- t, 

4
4

V aLLDeLofLw`

t

T
1

L

n

Clean and Wet

Foundation

L Washer

Pipe Sleeve

L % a • iJ t t
1 -- 

L ug
Leveling Wedges or

Shims Left in P /ace

Typical Anchor Bolt

Fig W1

4. Installing Pump on Foundation
If subbases or floorplates were directly anchored
to poured concrete foundations, surface irregu- 
larities would cause distortion. Rectangular metal

blocks and shims, or metal wedges having a small
taper, are placed beside each anchor bolt to level
the subbase or floorplate ( see Fig. W2 and Fig. 
W3 on following page). The anchor bolts are

then drawn tight enough to maintain position

and level. 



Monnis
INSTALLATION AND

OPERATING INSTRUCTIONS

INST. NO. W

PAGE. NO. 3

Wet pit vertical pumps are supported on the peri- 
meter of the floorplate. Level by shims beside each
anchor bolt and grout as described in " Installing
Pump on Foundation ". 

Subbase mounted horizontal pumps may be shipped
with or without drivers and gears. Be sure pump
and drivers are uncoupled before installation. Level
by shimming beside each anchor bolt and grout as
described in " Installing Pump on Foundation ". 

J 1

C. PUMP- DRIVER ALIGNMENT
1. Shaft Alignment of Horizontal Pump & Driver

Pumps and drivers that are received from the

factory with both machines mounted on a com- 
mon subbase were accurately aligned before
shipment. Because all subbases are, to some ex- 

tent, flexible, factory alignment may be altered
during shipment and handling. After the sub- 

base has been leveled, grouted, and secured, 
check the alignment. Alignment should be re- 

checked after the pump is fully installed and
before startup. Refer to the " Alignment Pro- 
cedure". 

a. On certain large units, limited end -float

couplings are used, and the instruction book
furnished with such units should be con- 
sulted for the special alignment instructions

that apply to such couplings. 
b. Disconnect coupling halves before proceed- 

ing with alignment. Check for angular and

parallel alignment in the next section, " Align- 

ment Procedure ". The faces and outside dia- 

meters of the coupling halves must be square
and concentric with the bores. If this condi- 

tion does not exist, the " Alternate Method" 
of alignment described on page 4 is recom- 
mended. 

Fig W6

2. Alignment Procedure
A check for angular alignment is made by insert- 
ing the taper gauge or feelers at four points be- 
tween the coupling faces and comparing the
distance between the faces at four points spaced
around the coupling. The unit will be in angular
alignment when the measurements show that

the coupling faces are the same distance apart
at all points ( Fig. W7). 

CHECKING ANGULAR ALIGNMENT

Fig. W 7
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5. Alignment of Spacer Type Couplings
Where a spacer type coupling is used between the
pump and driver, it is not possible to align the cou- 
plings of the pump and driver as previously describ- 
ed. To align units with a floating coupling, remove
the spacer between the pump and driver. Make a

bracket, as shown in Fig. W10, which can be fasten- 
ed to one of the coupling halves and which is long
enough to reach the other coupling half. Fasten

this bracket to one coupling half and a deal -type
indicator to the bracket arm so that the indicator
is in contact with the rim of the other coupling

half as shown at A, Fig. W10. Revolve one cou- 

pling half by hand so that the indicator moves a- 
round the other coupling half. 

Bracket

Y /.. x 2.. Flat Stock
if 11

Dial

Indicator

L. 

SPACER COUPLING ALIGNMENT

Fig.W 10

After alignment on the coupling rim has been ob- 
tained, change the indicator so it bears against the

face of the same coupling half and make any nec- 
essary adjustments. If the shafts have end play, it
is preferable to make this check of face alignment

by using inside micrometers as shown at B, Fig.W10. 

Change the bracket, fastening it to the other cou- 
pling half, and use the indicator, as desribed above, 
against the face and rim of opposite coupling half. 

After final alignment is obtained, insert the spacer

and bolt the coupling halves. 

6. Shaft Alignment of Vertical Pump & Driver

Check for parallel alignment by placing a straight
edge across both coupling rims at four points. 
The unit will be in parallel alignment when the
straight edge rests evenly on the coupling rim at
all positions ( Fig. W11). 

I , 

jl J I 

VERTICAL COUPLING
ALIGNMENT

STRAIGHT
EDGE

Fig.W11

Refer to " Alternate Method of Alignment” 
under Horizontal Section). 

7. Factors That May Disturb Alignment
The unit should be checked periodically for
alignment. If the unit does not stay in line
after being properly installed, the following
are possible causes: 

1) Settling, seasoning or spring of the foun- 
dation. 

2) Wear of the bearings. 
3) Pipe strains distorting or shifting the ma- 

chine. 

4) Springing of the base plate by heat from an
adjacent steam pipe or from a steam turbine. 

5) Shifting of the building structure due to
variable loading or other causes. 

6) Loose nuts or bolts on the pump or driver
assembly. 

D. STUFFING BOXES
In the convential stuffing box, mechanical seals
and packing seal between the stationary and rotat- 
ing components of the pump. Generally a clear
liquid such as water is forced through the stuff- 

ing box to lubricate the sealing elements. The

lubricating liquid pressure must exceed the pres- 
sure of the pumpage at the stuffing box. For end

suction pumps, lubricating liquid pressure should
be 10 -15 PSIG higher than the discharge pressure. 
For side and double suction pumps, lubricating
liquid pressure should be 10 -15 PSIG higher than
the suction pressure. 

NOTE: TO DETERMINE SUCTION OR DIS- 
CHARGE PRESSURE, USE GAUGE PRES- 
SURE ONLY. 
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apart to avoid damage during transport. Ship- 

ping retainers must be removed before shaft is to
be rotated. Pumps with retained seal faces will

be specially marked and instructions from the
seal manufacturer for retainer removal will be
provided. 

Mechanical seals have a stationary and a rotating
sealing face. Commonly, these sealing rings are
of carbon and ceramic material, brittle in nature, 
and easily damaged. As the sealing rings seat
with the operation of the pump, a compatible

wear pattern develops between the mating sur- 
faces. To disassemble the mechanical seal after

the wear pattern is established would necessi- 
tate the replacement of the rotating and station- 

ary sealing elements. Do not replace only one
component. 

To insure the life and sealing characteristics of
the mechanical seal, lubricating liquid must be
circulated through the stuffing box. Clear, grit

free liquid is necessary. 

Special seal information and replacement seal

elements should be provided by the seal manu- 
facturer. Morris strongly recommends the stock- 
ing of replacement sealing elements. 
CAUTION: DO NOT MAKE SHAFT ADJUST- 
MENTS ON MECHANICAL SEAL INSTALLA- 
TIONS, WITHOUT CONSULTING SEAL IN- 
STRUCTIONS AND PUMP ASSEMBLY DRAW- 
ING. 

E. PUMP START -UP

1. Bearing Lubrication: Bearing must have adequate
lubrication. Engage external lubrication system. 
Consult " BEARING SECTION" of these in- 

structions for specific information. 
2. Shaft Rotation: The pump shaft must turn

without any binding or rubbing. By manually
turning the rotating element, only the uniform
frictional drag of the bearings and the stuffing
box should be sensed. 

3. Correct Rotation of the Driver: The direction
of rotation of the driver must be checked be- 
fore it can be coupled with the pump. The

direction of rotation of the pumps is indicated

in a prominent location. For pumps with im- 

pellers threaded on the shaft, reverse rotation

would back the shaft from the impeller thread. 
Considerable damage may occur. 

4. Lubricating Lines to Stuffing Box: Lubricating
liquid must be flowing to the stuffing box before
the pump is started. Both mechanical seals and

packing require lubrication for continuous ser- 
vice. 

5. Priming: The pump must be completely primed
before operation. 

F. WATER HAMMER
Water hammer is a high pressure surge within a
closed pipe system, created by rapid change in the
flow rate. Changes in the flow rate occur when
there are sudden changes in pump speed. The most
common cause is the sudden opening or closing
of a valve or flow control device. Extensive damage
to the pump and pipeline is a result of water ham- 
mer. 

G. FREEZING

If the pump is exposed to below freezing tempera- 
tures, the liquid should be drained during idle
periods. 

H. LOCATING PROBLEMS
1. Conditions Leading to Insufficient or No Dis- 

charge

a. Insufficient speed. 
b. Excessive discharge head. 
c. Insufficient NPSH. 

d. Worn pump components. 
e. Incorrect direction of rotation. 

f. Incomplete pump priming. 

g. Impeller or discharge pipe clogged. 
h. Pumpage viscosity too high. 

2. Conditions Leading to Excessive Power Con- 
sumption

a. Excessive speed. 

b. Pump operating at high horsepower area
of the pump curve ( off design point). 

c. Mechanical binding or rubbing of rotating
element. 

d. Pumpage specific gravity and /or viscosity
too high. 

WARNING ! 

THIS UNIT MUST NEVER BE USED WITHOUT PRIOR INSTALLATION OF THE SAFETY GUARDS FOR
ROTATING PARTS AS PRESCRIBED BY 0. S. H. A. 

OPERATION OF THIS PUMP WITH BOTH SUCTION AND DISCHARGE VALVES CLOSED FOR EVEN BRIEF
PERIODS OF TIME IS AN UNACCEPTABLE AND DANGEROUS PRACTICE. IT CAN RAPIDLY LEAD TO A

VIOLENT PUMP FAILURE. 



C°14- 1-1111) 
INSTALLATION AND

OPERATING INSTRUCTIONS

INST NO X- 31

PAGE.NO. 1

1/ 25/ 80

Rev. 8/ 21/ 81

VM" CANTILEVER BEARING ASSEMBLY

This bearing assembly uses a pair of single row ball bearings in the
lower radial bearing position and duplexed angular contact ball bear- 
ings at the upper end of the shaft to carry the radial and axial
thrust loads. The pair of thrust bearings will carry both vertical
up and vertical down thrust loads. 

CLEARANCE ADJUSTMENT

The axial clearance for the suction side of the impeller is set by
moving the thrust bearing housing up or down and holding the clear - 
ance by means of a shim stack between the thrust bearing housing
and the bearing frame. BE SURE THE SHIMS ARE OF UNIFORM THICKNESS
AND FREE FROM BURRS OR IRREGULARITIES THAT COULD MISALIGN THE BEARING
HOUSING RELATIVE TO THE FRAME. A misaligned thrust bearing housing
will shorten the thrust bearing life and may cause overheating of the
bearings. 

LUBRICATION

This bearing assembly was designed for grease lubrication. Always

use a high quality bearing grease which is equal to: 

MOBILUX # 2 - Mobil Oil Company

Before the pump is started, one shot of grease should be added to the

top grease fitting to lubricate the upper shaft seal. One shot of

grease should also be added to the grease fitting just below the bear- 
ing housing shims to provide a seal between the bearing housing and
frame. 

The bearings were hand - packed with grease when the pump was assembled
and will not require regreasing until 8 hours of running time. After

8 hours and at one -month intervals, add two shots of grease to each

grease fitting. 

Excessive amounts of grease will cause higher bearing temperatures
because of churning. When this condition exists, adding more grease

will only increase the bearing temperatures. 

NORMAL BEARING TEMPERATURE

The running temperature for a bearing assembly depends on many factors
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7) Loosen the set screws which hold the slinger ( #2300) to the shaft, 

slide the slinger away from the radial bearing and press the radial
bearings off the end of the shaft. 

ASSEMBLY

1) Slide the slinger ( #2300) and the thrust bearing housing ( # 801) to

the mid -point of the maximum shaft diameter section. 

2) Install the radial bearings ( # 900). An inner race spacer shim at

least . 003" thick is required between the inner races for any bear- 
ings that are not universal ground for duplexing. Position the

slinger approximately 3/ 4" away from the bearings and secure with
set screws. 

3) Install the thrust bearings and secure the thrust and radial bear- 
ings with lockwashers and locknuts. Hand pack some grease in each

bearing ball path. 

4) Slide the thrust bearing housing ( # 801) into position and temporarily
install the thrust bearing retainer ( #804) without any shims, using

two cap screws on opposite sides of retainer. 

5) Measure the gap between the retainer and the bearing housing, remove

the retainer and re- install the retainer with a shim stack that is
002" - . 004" thicker than the measured gap. The shim stack will

allow the thrust bearings to have a small axial clearance to accommo- 
date thermal expansion in the bearings without developing a preload. 

6) Carefully slide the shaft into the housing and temporarily secure in
position with the shim stack and cap screws at the thrust bearing
housing. 

7) Slide the retainer ( #904) into position and secure with the cap screws. 

8) Slide the pipe column into position and bolt the top flange to the
bearing frame. 

9) Position the bearing frame on the floorplate and fasten them together
with bolts. 
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JC LIQUID END

GENERAL: 

The JC liquid end can be furnished for horizontal and vertical pumps. 
The difference in the liuqid end configuration is the stuffing box, 
where a throttle bushing is used for a vertical pump in place of the
packing or mechanical seal used with the horizontal pimp. The vertical

pump may also have a slinger ( #2300) at the end of the shaft sleeve. 

IMPELLER CLEARANCE: 

For the best efficiency and performance, the impeller should have a

minimum clearance between the main vanes and the suction disc liner
311). A gap of approximately . 020" is usually sufficient to keep

the impeller from rubbing when the pump is operating. If the impeller

does rub, the gap should be increased slightly. 

TO DISASSEMBLE THE LIQUID END

1. Drain the liquid from the pipe lines and remove the bolts which
hold the discharge pipe to the casing ( # 100) and the suction pipe

to the suction disc ( #300). 

2. Remove the bolts which secure the suction disc to the casing and
pull the suction disc out of the casing fit. The suction disc

liner is then pulled out of the casing fit. 

3. With the shaft clamped, turn the impeller in the direction of
normal rotation and unscrew from the shaft. 

4. Remove the bolts which fasten the casing to the hub disc ( #400) 

and pipe column for vertical pumps]. Slide the casing off the
hub disc fit. ( The hub will separate from the pipe column with
vertical pumps). 

a. Remove the cap screws which hold the hub disc to the bearing
frame ( horizontal pumps) and slide the hub disc off the end
of the shaft. 

5. Pull the hook sleeve ( # 619) off the shaft and with vertical pumps

remove the slinger ( #2300) if present. 

6. Remove the gland, packing, and seal cage or the throttle bushing
from the stuffing box. 
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This drawing shows a throttle
bushing in the stuffing box
and the liquid end attached

to a pipe column. 
JC LIQUID END
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ULTRA -V SHEAVE FEATURES

Wood' s Ultra -V sheaves are constructed of fine grain, high tensile cast iron, and have been care. 
engineered to assure maximum performance over a long life span. Behind each sheave is one of the r
extensive engineering design and testing programs in the industry. 

With the advent of higher V -belt ratings, Wood' s
engineers instituted additional careful test
programs to ensure that each Wood' s sheave would
be capable of safely and dependably delivering the
increased performance which was required by the
new ratings. Wood' s engineers, using a special
strain gage test stand, subject sheaves to tension
and compression stresses far in excess of those
encountered in actual operation. 

In another standard test procedure, Wood' s
sheaves are operated at extremely high speeds. 
Sheaves are selected from warehouse stocks and
tested until they are burst by centrifugal force. Such
destructive testing allows Wood' s engineers to
study the effects of construction and balance on
sheave performance. The goal is to assure safe
operation at normal speeds. Other continuing
programs check product quality in the laboratory
and on the manufacturing line. 

For applications with special requirements, 
Wood' s sheaves are also available on a made -to- 
order basis in either cast or ductile iron, and in Sure - 
Grip or bored -to -suit construction. 

10M - 2

Wood' s stock Ultra -V sheaves are availabl
the convenient Sure -Grip QD type bushing. E
install and remove, these split, tapered bu: 
grip the shaft with the equivalent of a shrink fi
tight holding power eliminates freezing and fr
corrosion between the shaft and the bor
assures quick removal and interchangeability

necessary. 

Stock sheaves are designed to carry the lo
all belts shown in this catalog and other sir
rated V- Belts. For special higher rated V
consult Wood' s Engineering Departme' 
recommendations. 

We cast

hg

or stamp the maximum
sate operating speed, In rpm, on
all sheaves we manufacture. 
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Ultra -V and Ultra -V Band
l
Wood'

sl
V -Belt Features

Ultra -V® Belts
Wood's Ultra -V belt transmits higher loads in less space than the very popular conventional (classical) V- 

belt. Three Ultra -V belt cross sections cover the same capacity range as the five conventional V -belt sections. 
Drive capacities from one thru 2000 horsepower are possible because modern advances in synthetic materials

and innovations in design give these belts exceptional strength and increased capacity. Ultra -V cross sections
are as much as 50% smaller than conventional cross sections, resulting in substantial reductions in drive
widths. This lessens bearing loads and permits the use of smaller diameter sheaves and shorter center
distances. 

11712 8V
w. 4

trio

5

8

1
All Ultra -V belts are of premium grade construction and are oil and heat

resisting and static dissipating. The belts permit speeds up to 10,000 fpm with
the optimum capacities being in the 8000 fpm range. For speeds above 6500

fpm, the sheaves on the drive may require special balancing and /or
construction. 

Ultra -V belts have a greater relative sidewall area which increases their grip
on the sheaves. Tensile members are located near the top to free the entire
sidewall for compression and better gripping. Ultra -V belt construction also
provides greater support for the tensile members. The load being carried by
each tensile member is equalized because each is kept in alignment without

sag. The lighter weight Ultra -V belts resist centrifugal force to provide more
efficient power transmission at higher speeds. 

Ultra -Y® Band Belts
Wood' s banded belts offer the benefits of multiple belts in a single, 

convenient, belt. The banded belts should be used where belt whip or turnover
71'' 

is a problem. They absorb shock and dampen vibration to provide extra
protection to machinery. The banded belts have the same advantages as the
multiple belts and offer the added feature of eliminating the need for matching
belts on most drives. Banded belts are av: Fable from stock with 2, 3, 4 and 5
ribs for 3V and 5V and 3, 4, and 5 ribs for the 8V size. 

Ultra -V Cog V -Belts
The Ultra -V Cog is a proven design with hundreds of drives already in service. Ultra -V Cog delivers

an average of 30% more horsepower or up to double the belt life ... a dramatic premium in power, per- 

formance and dependability ... at no premium in price. 

Ultra -V Cog raw edge belts can transmit more torque with less slippage than
equivalent wrapped belts. When encountering heavy shock loads, the ordinary
non - wrapped belt resists slippage and is subject to damaging stresses; a
wrapped belt slips through the peak load, but may not recover, especially if
tension is too low. Wood' s Ultra -V Cog belts overcome this problem with a new
concept in cog design. This design, teamed with time - proven rubber
compounds and a two -ply fabric base, controls slippage, reduces belt

temperature and stress and improves efficiency. The Ultra -V Cog belt' s
controlled slip through critical high torque conditions and quick return to full

torque transmission ability at all times mean longer life and more dependable
service. 

The 3VX and 5VX raw edge Ultra -V Cog belts are completely interchange- 
able with regular Ultra -V belts but cannot be mixed on the same drive. For the
time being, the 8V belts will continue to be available in the regular Ultra -V
construction; that is, all Neoprene compounds and two -ply covers provides
static dissipation and excellent resistance to heat and oil. Contact the factory
for 8VX belt availability. 

10M - 3
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Wood's
ULTRA -V BELT MATCHING STANDARDS

All Wood' s Ultra -V belts are length coded at the factory at the time of manufacture. All
belts made in recent years are length coded and the code symbol is stamped in a white
square border 150 . The codes used could be one, two or three codes above or below
the mid -point 50. For example: 47, 48, 49, 50, 51, 52 or 53. Wherever possible, the code
symbols on a set of belts should be the same. However, some variation is permissible on
onger belts. Refer to the following chart for the allowable variances: 

Belt Length

inches) 

Up to 180
190 to 300

over 300

Ultra -V Belts

Allowable Variance See Example

Same Code

2 adjacent numbers
3 adjacent numbers

1

2

3

xample 1: When using 3V3OO ( 30 inch) Ultra -V belts all the belts being used in a set
should have the same matching code symbol. This could be code 50, 49
or 51, etc. 

xample 2: For 5V224O ( 224 inch) belts the matching code symbols could vary 2
adjacent numbers -49 and 50, 51 and 52, but not 49 and 51 for a
matched set. 

xample 3: For 5V355O ( 355 inch) belts 3 adjacent code numbers can be used
together: 47, 48 and 49; 49, 50 and 51; but not 47, 50 and 52. 

4an ing tolerances are the principal reason for belt length variations. These
Ierar , cs are all being reduced wherever possible and the actual belt construction, 

folding and curing procedures will be more carefully controlled to produce belts
consistent length. 

ood' s tradename for these belts will be " IsoBelt." All belts with the

amp in front of the regular branding need not be matched. 

10M - 71
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TENSIONING V -BELT DRIVES

Without exception, the most important factor in the successful operation of a V -belt drive is proper belt - tensioning. To achieve the long, trouble -free service associated with V -belt drives, belt tension must besufficient to overcome slipping under maximum peak Toad. This could be either at start or during the workcycle. The amount of peak load will vary depending upon the character of the driven machine or drive system. To increase total tension, merely increase the center distance. Before attempting to tension any drive it isimperative that the sheaves be properly installed and aligned. If a V -belt slips it is too loose. Add to the tension
by increasing the center distance. Never apply belt dressing as this will damage the belt and cause early
failure. 

GENERAL METHOD

The general method for tensioning V -belts should satisfy most drive requirements. 
Step 1: Reduce the center distance so that the belts may be placed over the sheaves and in the grooves

without forcing them over the sides of the
tension to the

rangeythe

in
b

increasing

ngt
the

both

enter distance until the
spans have about the same sag. Apply
belts are snug. See figure 1

Figure 1

Step 2: Operate the drive a few minutes to seat the belts in the sheave grooves. Observe the operation of thedrive under its highest Toad condition ( usually starting). A slight bowing of the slack side of the drive
indicates proper tension. If the slack side remains taut during the peak load, the drive is too tight. 
Excessive bowing or slippage indicates insufficient tension. If the belts squeal as the motor comes
on or at some subsequent peak load, they are not tight enough to deliver the torque demanded by the
drive machine. The drive should be stopped and the belts tightened. 

Step 3: Check the tension on a new drive frequently during the first day by observing the slack side span. After a few days' operation the belts will seat themselves in the sheave grooves and it may become
necessary to readjust so that the drive again shows a slight bow in the slack side. 

FORCE DEFLECTION METHOD

This method should be used only for tensioning drives on which the grade of belt, rated belt capacity, servicefactor, design horsepower, etc. are known. If the drive has been designed in strict accordance with the
procedures, instructions, and horsepower ratings in Wood' s current catalog, the force deflection values are
valid. However, if the drive was designed from editions dated prior to 1980 or using information other than thatcontained in these catalogs, excessive loads on bearings or excessive shaft deflections may result. 

Step 1: Install belts per Step 1 of General Method above. Measure span length ( t) in inches as shown in
figure 2, or calculate using formula. 

Step 2: 
From

figure

would e

tthdeflection

a

eight (
h) is

of 32ys4 / 

4always inch of span length ( t). For example, a 32" 

Step 3: Determine the minimum, maximum, and initial recommended pounds force using table 1 or calculate
based on the required Static Strand Tension ( T,). Note: The initial recommended force is used only

for installing new belts which have not seated themselves into the sheave grooves and where initial
belt stretch has not taken place. 

10M - 72
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t = r

2

h =- 64
where t = Span length. inches

C = Center distance, inches

D = Larger sheave diameter, inches

d = Smaller sheave diameter, inches

Deflection height h = 1// per inch of span

Figure 2

Step 4: Using a spring scale, apply a perpendicular force to any ONE of the belts at the mid point of the span
as shown in figure 2. Compare this deflection force with the values found in Step 3. 

a. If the deflection force is below the minimum, the belts are too loose and the tension should be
increased by increasing the center distance. 

b. If the deflection force is higher than the maximum, the belts are too tight and the tension should be
decreased. 

When new V -belts are installed on a drive the INITIAL tension will drop rapidly during the first few hours. 
Check tension frequently during the first 24 hours of operation. Subsequent retensioning should fall between
the minimum and maximum force. 

To determine the deflection distance from normal position, use a straightedge or stretch a cord from sheave
to sheave to use as a reference line. On multiple -belt drives an adjacent undeflected belt can be used as a
reference. 

Minimum deflection force values shown in table 1

are based on assumed average static tensions for
drives having multiple belts or more than one V- 
band, thus eliminating calculations. ( For drives

using only one belt or one V -band, deflection force
must be determined by use of engineering
formulas.) 

Find the minimum recommended deflection force
for the belt section and type based upon the small
sheave diameter, speed and drive ratio. For
intermediate sheave diameters and /or drive ratio
combinations the minimum deflection force may be
interpolated. 

MAXIMUM Deflection Force = Minimum times 1. 5
INITIAL Deflection Force = Minimum times 2. 0

For Ultra -V Band, Premium V -Band and Torque - 
Flex banded belts multiply the minimum deflection
force from table 1 by the number of belts in the band. 
Where larger values make use of the Force
Deflection Method impractical, use the Elongation
Method to tension V- bands. 

Table 1 Recommended Minimum Force Per Belt

Rea

Section

Small Sheave Drive Ratio

Speed

Range
Dia. 1. 0 1. 5 2, 0

4.0 8
over

1200- 3600 265 2. 0 2.4 2.6 3. 0

1200-3600 315 2.8 3.8 3.8 4.2

3V 1200 -3600 4.75 3.8 4.2 4.4 4.8

1200- 3600 5.60 4.2 4.6 4.8 84

1200-3600 6.90 48 5. 0 82 86

900- 1800 7. 1 85 9.5 10 11

i..1.3 5V
900- 1800

900 -1800

9.0

14. 0

10

12

11

13

12

14

13

15

700- 1200 21. 2 14 15 16 17

900- 1800 12. 5 18 21 23 25

900- 1800 14.0 21 23 24 28

8V 700 -1500 17.0 24 26 28 30

700- 1200 21. 2 28 30 32 34

400 -1000 24. 8 31 32 34 38

1200- 3600 2. 20 2. 2 2. 5 27 3. 0

1200- 3600 2. 50 2. 6 2.9 3. 1 3.6

3VX
1200 -3600

1200- 3600

3. 00

4. 12

3. 1

3. 9

38

4.3

3. 7

4. 5

4. 2
81

1200 -3600 5.30 4. 6 4. 9 5. 1 5. 7

1200- 3600 89 80 5. 4 5. 6 82

12063600 4. 4 e s zs WO 9.0

g 1200-3600 82 8.0 9.0 9.5 10

5VX 1200- 3600
1200 -3600

8.3

7. 1

9. 5

10

10

11

11

12

12

13

900- 1800 9.0 12 13 14 15

900 -1800 14. 0 14 15 16 17

10M - 73



I IuuuuI lq

I I IWood's
Ilmuuiifill1l

TO INSTALL: 

SHEAVE - BUSHING

Installation Instructions

1. Thoroughly inspect the bore of the mating part and the
tapered surface of the bushing. Any paint, dirt, oil or
grease must be removed. 

IMPORTANT: DO NOT USE
LUBRICANTS IN THIS INSTALLATION

Fig. 1 S andard Mounting Fig 2 Reverse Mounting

2. Assemble bushing into mating part as illustrated in Fig. 
1 or 2. ( Since either the standard or the reverse
mounting assembly can be rotated so that the bushing
flange is toward or away from the motor, four ways of
mounting are obtainable.) Loosely insert the cap
screws into assembly, but do not lubricate cap screw
threads. (Note: Install M thru S bushings in the hub so
that the two extra holes in the hub are located as far as
possible from the bushing' s saw cut.) 

3. With key in keyseat of shaft, slide assembly to its
desired position with cap screw heads to the outside, 
Fig. 3. ( A few small sheaves may have to be installed
with the cap screws on the inside.) If it is difficult to
slide the bushing onto the shaft, wedge a screwdriver
blade into the saw cut to overcome the tightness. 

Flg. 3

4. Position the assembly on the shaft so the belts will
be in alignment when installed. Tighten the capscrews
evenly and progressively until obtaining the torque
value listed in the table at right on each capscrew. 

There must be a gap between the bushing flange and
mating hub when the installation is complete. 

10M - 74

TO REMOVE: 

1. Loosen and remove cap screws. 

2. Insert cap screws
three in JA through

J bushings, two in M

through S bushings) 

in tapped removal

holes and progres- 

sively tighten each
one until mating
part is loose on

bushing, Fig. 4. ( Ex- 
ception: If mating
part is installed with cap screw heads next to motor, 
with insufficient room to insert screws in tapped holes, 

loosen cap screws and use wedge between bushing
flange and mating part.) 

3. Remove mating part
from bushing and, if
necessary, bushing
from shaft. If

bushing won' t slip
off shaft, wedge

screwdriver blade in

saw cut to over- 
come tightness. See

Fig. 5. 

Fig. 5

SURE -GRIP BUSHINGS

SCREW TIGHTENING INFORMATION

caperedTapered Size & Thread of
Cap Screw

Ft.- Lbs. 

To Apply With
Torque Wrench

Wrench

Length

inches) 

Wrench

Pull

Lbs.) 

QT G x '/ 6 4 18

JA No. 10- 24 5 4 15

SH— SDS — SD 14 - 20 9 4 27

SK 5 /, 6 18 15 6 30

SF k - 16 30 6 60

E 1/2- 13 60 12 60

F B/ 6- 12 75 12 75

J 11 135 12 113

M 6 - 10 225 15 120

N i - 9 300 15 150

P 1 — 8 450 18 183

W 11/2- 7 600 24 167

S 1' d - 7 750 30 167

CAUTION: The tightening fo ce on the screws is multip ied many
times by the wedging action of the tapered surface. I extreme
tightening force is applied, or if a lubricant is used, bursting
pressures will be created in the hub of the mating pa t. 



BALANCING STANDARDS
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This chart shows the maximum speed limit (in rpm) for a standard statically balanced sheave of a given
diameter ad face wii ah. To

used

exceed

for

this

pulleys. 

e limit the sheave should also be dynamically balanced. 
This information
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pulley should be dynamically balanced (balanced in
EXAMPLE: A diameterand above. Below 3450 rpm a static balance ( balanced in one p

two planes) at 344550 rpm
sufficient. 

NOTE: When belt speeds exceed 6500 feet per minute special ductile iron sheaves must be used. 
1OM - 75
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2. 

3. 

V -BELT DRIVE MAINTENANCE

Check alignment of sheaves. Shafts

should be parallel. 

Maintain Uniform Tension. When idle, 

belts should appear snug; in motion, 

they have a slight sag on slack side. 

Avoid Heat. Above 140 degrees F., 

rubber is overcured and belt life is short- 

ened. 

4 Keep drives well - ventilated. Avoid heat
build -up. 

5. Never mix belts on a drive. Use new

belts of the same make. 

6. Always use matched sets of belts. 

7. Never use belt dressing. 

8. Worn sheaves reduce belt life. Check

sheaves frequently. 

9. Oil Carefully. Excessive oil on belts
causes rubber to swell and belts to fail, 

prematurely. 

10. Never force belts onto sheaves. Release

take -up. 

1L Equalize slack before tightening. All on
top or bottom. 

TROUBLE

LOSS IN DRIVEN SPEED

Check for slip. 

Shut drive down —test sheave temperature by
feel. A slipping belt will heat sheave ex- 
cessively. 

Check for proper tension. 

Check sheave diameter ratio with ratio of

RPM' s. 

LOCALIZED WEAR

Check cross - section dimensions. 

If narrow —pulley is spinning. 

If full — internal breakdown with resultant

swell. 

UNEQUAL STRETCH

Unequal coefficient of friction. 

Internal breaks. 

Broken strength members. 

EXCESSIVE ELONGATION

Check for overload. Check for internal breaks. 

Check amount of take -up since initial installation. 

10M - 76

WHAT TO LOOK FOR
HOW TO CORRECT IT

TRANSVERSE BOTTOM BREAK: 

If premature —check for small sheaves. 

SEPARATION

Check for small pulleys or excessive tension, ff

premature. 

OPENING OF ENVELOPE SEAMS

Check for oil or rubber solvent. 

ABNORMAL ENVELOPE WEAR

Check for worn sheave, improper sheave angle, 

slip, heat, chemical fumes, obstructions or abra- 
sive condition. 

BELT SOFTENING OR SWELLING

Check for oil or rubber solvent. 

BELT ENVELOPE HARDENING AND CRACKING

Check for excessive heat and chemical fumes. 



ENGINEERING TESTING FACILITIES

MORRIS PUMPS, INC. 

BALDWINSVILLE, N. Y. 

TEST REPORT

ON

TWO 4VJC - 14 PUMPS

FOR

TEXAS MUNICIPAL POWER AGENCY

Customer P/ 0 1316

Morris Order M- 22544 - 5

Testing Conducted by: 

Edward Sesnie
Test Engineer

May 9 & 12, 1980



TEST REPORT M- 22544 - 5

OBJECT

Determination of the relationship of total developed

head, power input and efficiency to capacity at 1280

RPM. 

DESIGN POINTS

Capacity ( GPM) 800

TH ( Ft. of water) 110

Speed ( RPM) 1280

TEST EQUIPMENT

Test tank 60, 000 gallon capacity

Speed Indicator H. Packard pulse generator

CMC pulse counter

Discharge Pressure

Gauge

Suction Pressure

Gauge

Flowmeter

Torque Meter

Driver

0 - 140 ft. water

Mercury column

6" x 3" Venturi meter by
Builders Iron Foundry

4, 000 in. lb. Lebow torque bar

and a Lebow Model 7510 readout

100 HP Reliance D. C. motor

Page 1



TEST REPORT M- 22544 - 5

TEST PROCEDURE

Page 2

The pumps were tested according to the code set forth by

the Hydraulic Institute. Readings of discharge pressure, 

suction pressure, torque (% of bar total capacity), speed

and capacity were taken simultaneously at equal increments. 

Data were recorded at 8 or more points, including the design

points, with a small fluctuation ( 1 %) in speed allowed from

the desired speed. 

From the recorded data, the total head for each point is

computed by adding to the difference between suction and

discharge pressure any velocity head correction required

plus static gauge elevation corrections. Total head

corrected ( THC) for the desired speed is calculated from: 

THC = TH ( 
NC )

2

N

where NC = desired speed. 

The flow is corrected for the desired speed by the relation

QC = Q
NC (
T4-) . 

The corrected power input is calculated from the following

relation: 

BHPC - 
N . R • T NC

3

63025 N



TEST REPORT M- 22544 - 5

where: 

R = Deflection of Torque Bar ( in %) 

NC = Desired Speed ( in RPM) 

N = Actual Speed ( in RPM) 

T = Torque Bar Capacity ( in pound- inches) 

See page 1 for actual value] 

63025 = Conversion factor

Efficiency is calculated by the following formula: 

E

TEST RESULTS

THC . QC ( %) 

3960 . BHPC

Page 3

The pumps were quiet and the mechanical operation excellent

during the period of testing. 

Test results are shown as follows: 

PUMP NO. TEST NO. CURVE NO. 

M - 22544 7460 7460

M - 22545 7461 7461

Edward Sesnie

Test Engineer

ES : bg



UMP IMP. HYD. NO, : 7 7 7/ !
MP. DIA. 

CAS. HYD. NO. NO. VANES

CERTIFIED CORRECT

SPHERE

IN. R. P. M. 

NO. ' r 7 • -‘/ 

DATE

u) CL

Edwprd Sesnila

Test Engineer

1 r. ,, ' It' •. 

I I t

I • 

r, .- . ,. e,_*._ !.o.--•‘ 44-: t: ' ' • . ' : : 

r; ' .,...-,.--"." 77-: .:: :: 1:.:: •::: 
4.::: :::::- t, ;': ,, '. ;;, f :;;;;' ,''..,:' '!';',' :::: :: '", ' : :: 1,,., 

r. i,-,, ',.. 1• 1:,: H, !. 1 _., ... I- 1,, .,,, • 1•••',. r. -,,,, -: 1-, 71.. , ' i:. i , . , . ::-',-.:. .. 1 .... ... 1-... 7

1. 4;'.-11., ,,,, ,,,, l- i--H.f.,,,,... . ; . :. :::: ...:; 
111. I.,: 1 • 1::: :...... .. j..... 1;:.. 111. ........

r' ":::;' II$ . 

Illtr" 
r,,, ','' '','"' ;... ;.• '..• 4- . ..,, ,.// 

4-1'. 1-+ , i71 :.; i : ;::: 1; .., i:', II
Ii'• , 1: r. ' ' . ' . ' l• : •";;

I: '''''.

4-^;, 1'' ' 1' ' : '''' ''
I• : 111! 1'' ' I'' '''' ''''!:'', :::!:::' 

I' i ' + 11
I'. ',' ' I' I' ' t.' I' ' ... . I' I' .

I' '

I 4'..' '' " ''''''''' •,:.:::' 
r.... 

1:" ..,.,: ''''' •'''. ' ..''' '.... I.,: ....; ...:, ..• . 1.. II; ..,... :: ' I..; ' 4,: 1 ,•;....,.. j. 
1.,, '..,. ..,; , I,. 11;, :" 1 ... ,,,, •:;. 4 j,.., 

t- t• 

I.____._ 

7 : : . . I . , • • . • f, ..., 
1 . ...... . . , .,„ 

i:. ... . 

1 ' ' ; ' : • . . 

1 1 • .. 

LtQUID
TEMP, 

SG,: 

a

1.4' 

CAPACITY / 04-5- U. S. G. P.M. 

DRAWN - 7( 7.., 4 0112DfR NO. ' - . 

moRms rump,,,K, 
REF. CURVE NO. 



UMP IMP, HYD. NO. 

CAS. HYC). NO. ) 

7!" 

A

414- 1- 

11. 

uJ

A i i

I , 

rt- i

MP. DIA. / 7

I NO, VANES 4

CERTIFIED ) CORRECT

1- 7: 7 7' 7717

Edwarq Sesnie
Te§ t ngineer

4, 41; ft-f- , , • 
11 h, I

hh- h- -;;;• ; ;- •
AltA,;- 1

rt. 

7, 777 T , • ., „„?.. 

I
SPHERE

IN. R. P. M. 

NO. 

DATE • 

I

1. 4, • h: 1,• ' 1 7 ' : : 

r; • 

1fr ! . 

1 : ! •/, ! I • ; 

II;; 

I.;! I:;:: 

CAPACITY U. S. G.P.M. 

ufzutp; 
TEMP. 

r , 

REF. CURVE NO. 

S.Q. 
H

DRAWN --- ,;-:-, ORDER NO. 

Ai-- J'a

1 1 MORRIS PUM.P§AM, 



ENGINEERING TESTING FACILITIES

MORRIS PUMPS, INC. 

BALDWINSVILLE, N. Y. 

TEST REPORT

ON

TWO 10 VJC PUMPS

FOR

TEXAS MUNICIPAL POWER

Customer P/ 0 1316

Morris Order M- 22546 - 7

Testing Conducted by: 

Edward Sesnie
Test Engineer
June 23 & Aug. 12, 1980



TEST REPORT M- 22546 - 7 Page 1

OBJECT

Determination of the relationship of total developed

head, power input and efficiency to capacity at 870

RPM. 

DESIGN POINTS

Capacity ( GPM) 5, 000

TH ( Ft. of water) 80

Speed ( RPM) 870

TEST EQUIPMENT

Test tank 60, 000 gallon capacity

Speed Indicator H. Packard pulse generator

CMC pulse counter

Discharge Pressure
Gauge

0 - 140 ft. water

Suction Pressure Mercury column
Gauge Water column

Flowmeter

Torque Meter

Driver

12 x 6 Venturi meter by
Builders Iron Foundry

12, 000 in. lb. B. L. H. torque bar

and a B. L. H. Model 350 readout

200 HP D. C. motor for perf. and

customer' s ( belt driven) for

vibration and mechanical check. 



TEST REPORT M- 22546 - 7 Page 2

TEST PROCEDURE

The pumps were tested according to the code set forth by

the Hydraulic Institute. Readings of discharge pressure, 

suction pressure, torque (% of bar total capacity), speed

and capacity were taken simultaneously at equal increments. 

Data were recorded at 8 or more points, including the design

points, with a small fluctuation ( 1 %) in speed allowed from

the desired speed. Vibration data were recorded over the

operating range using customer' s motor. 

From the recorded data, the total head for each point is

computed by adding to the difference between suction and

discharge pressure any velocity head correction required

plus static gauge elevation corrections. Total head

corrected ( THC) for the desired speed is calculated from: 

THC = TH ( 
NC ) 

2

where NC = desired speed. 

The flow is corrected for the desired speed by the relation

QC = Q
NC

74— 

The corrected power input is calculated from the following

relation: 

BHPC - 
N . R . T NC

3

63025 N



TEST REPORT M- 22546 - 7

where: 

R = Deflection of Torque Bar ( in %) 

NC = Desired Speed ( in RPM) 

N = Actual Speed ( in RPM) 

T = Torque Bar Capacity ( in pound- inches) 

See page 1 for actual value] 

63025 = Conversion factor

Efficiency is calculated by the following formula: 

E = 
THC . QC ( %) 

3960 . BHPC

TEST RESULTS

Page 3

The pumps were quiet and the mechanical operation excellent

during the period of testing. 

Test results are shown as follows: 

PUMP NO. TEST NO. CURVE NO. 

M - 22546 7465 B - 12044

M - 22547 7493 B - 12045

Edward Sesnie

Test Engineer

ES : bg
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f EL%ANCE

rF
URES

ELECTRIC COMPANY O
ND. OHIO 44117, U. S. A. 

DATA TRANSMITTA' 
AND CERTIFICATIOf

MISC. 

DATA

RE IB05Sti
Motor Tag # 1- PM - 014A- 

SPECIAL FEATURES: 

SPACE HEATERS 230V OPERATED ON 115

GRD HOLE DN FOOT

STAINLESS NAMEPLATE

OVERSIZED CONDUIT BOX

ROUTINE TEST WITH REPORTS

1- PM- 0148 - WSD

JV j2 1981

CERTIFIED DRAWINGS ! r DATA

DATE: MOD. NO: 5 CERT D/ S & TEST REPORTS TO

DATE: MOD. NO: • CUST RASING DEPT I

DATE: MOD. NO: COPY 0 26363

DATE: MOD. NO: 5 EA P_. ,. S AT 100

CONTINUED ON PAGE 2 ** 

CUSTOMER ORDER NO. 

49401

DATE

D2/ 08/ 81

REQ. NO. S. O. NO

1M0493627

REFER TO THIS NUMBER

IN ALL CORRESPONDENC

To: MORRIS PUMPS • INC • 

31 E GENESEE ST

B A L D W I N S V I L L E N Y

1 3 2. 2 7

DATA PROVIDED WITH THIS TRANSMITTAL AND CERTIFICATION IS: 

0 FOR CUSTOMER APPROVAL BY DATE: 

Return of approval prints by the above date is required to assure scheduled
shipment. delay in return and / or revision of opprovot prints may require
shipment reschedule. Return approved D/ S to data source. - 

E FINAL. APPROVED FOR CONSTRUCTION OR INSTALLATION. 

D PRELIMINARY, ENGINEERING IS COMPLETED. 

0 REVISED, SUPERSEDES DATA PREVIOUSLY ISSUED. 

O SEE REMARKS. 

SHIP

TO: 

SAME AS " SOLD TO UNLESS SHOWN

RHW DATE 5/ 27/ 80 CK BY DATE • 
DATA

OURCE

TRANSMITTAL AND CERTIFICATION ISSUED BY: 

ATHENS PLANT

COLLINS INDUSTRIAL DRIVE

ATHENS. GEORGIA r6' 1 * CATE PRINTED:,: 4 / 29/ 8" 
V

MOTOR

OR

ITEM

A

USED FOR USERS PLANT MOTOR OR  

GEN. D / S. 
612531- 63

DATA
OTY. 

2

FRAME G O L B

326T

5C. HP SERV. FA

1. i0

TYPE

PH

R. P. M. 

18C. 

C BOX

PH / HZ / VOLTS - WINDING

3/ 62 / 462

DUTY

CONT

ENCLOSURE

TEFC

AMB. / INSL. 

40/ 8 / BE

PWR. CODE MOTOR OR
GEN. 0 / D: 

BEARINGS

BALL

MOUNTING 8 METHOD OF
DRIVE

F1 / DRCT

RAILS OR BASE MODEL NUMBER REDUCER

ORAUX. D / 5: 

ROTAT FROM OPP. DR. END

REV

D -C FIELD EXCITATION DOUBLE SHAFT EXTEN. BRAKE OR
AUX. D / S: 

L. 

REDUCER STYLE CLASS FRAME RATIO OUTPUT
RPM

ASSEMBLY BLOWER MOTOR

PH/ HZ/ VOLTS/ HP

BRAKE

DATA

BRAKE TYPE SIZE RATING

FT/ LB

DUTY P. O. 

DATA

FOR

CON- 

TROT

D MOTOR ARMATURE CURRENT• AMPS A -C MOTOR INFORMATION FOR

SELECTION OF STARTER HEATERS: 

CODE: F LOCKED AMPS: 

C

FIELD CHARACTERISTICS PER CURVE

F MAX. AMPS RPM

F. L. CURRENT: 
62. 0 AMPS. 

2

Flt —F22• MAX. AMPS RPM

F3— MAX. AMPS RPM
4, 

SPCL

IN- 

STAL- 

L A- 

TION

FEAT. 
un

ADDITIONAL MOTOR OR GEN DATA: 

LD LOC - STD . 

FR CONST RGD

SPECIAL MARKS: 

M- 22544 - 45

MISC. 

DATA

RE IB05Sti
Motor Tag # 1- PM - 014A- 

SPECIAL FEATURES: 

SPACE HEATERS 230V OPERATED ON 115

GRD HOLE DN FOOT

STAINLESS NAMEPLATE

OVERSIZED CONDUIT BOX

ROUTINE TEST WITH REPORTS

1- PM- 0148 - WSD

JV j2 1981

CERTIFIED DRAWINGS ! r DATA

DATE: MOD. NO: 5 CERT D/ S & TEST REPORTS TO

DATE: MOD. NO: • CUST RASING DEPT I

DATE: MOD. NO: COPY 0 26363

DATE: MOD. NO: 5 EA P_. ,. S AT 100

CONTINUED ON PAGE 2 ** 



RELIANCE
ELECTRIC COMPANY DIM

HIO 44117, V. S. A. 

DATA TRANSMITTAL

AND CERTIFICATION

MISC. 

DMA
DATE MOD. ND: HEAVIEST STARTING DUTY

Motor Tag # 1- PM- 014A - WSD

1- PH- 014B- WSD

CUSTOMER ORDER NO. DATE REQ. NO. S. O. NO

1M0493627

REFER TO THIS NUMBER

IN ALL CORRESPONDENCE

DATA PROVIDED WITH THIS TRANSMITTAL AND CERTIFICATION 15: 

FOR CUSTOMER APPROVAL BY DATE: 

Return of approval prints by the above dote is required to assure s: hedul. d

shipment, delay in return and / or revision of approval prints mor require
shipment reschedule. Return approved D/ S to doto source. 

FINAL. APPROVED FOR CONSTRUCTION OR INSTALLATION. 

PRELIMINARY, ENGINEERING IS COMPLETED. 

REVISED, SUPERSEDES DATA PREVIOUSLY ISSUED. 

SEE REMARKS. 

SHIP

TO: 

SAME AS - SOLD TO" UNLESS SHOWN

CK BY DATE
DATA

OURCE

TRANSMITTAL AND CERTIFICATION ISSUED BY DATE

ROTOR

OR

ITEM USED FOR USERS PLANT MOTORR /OR

GEN. 

DATA
OTY. FRAME SERV. FA TYPE R. P. M. C BOX

D/ S

PH / HZ / VOLTS - WINDING DUTY ENCLOSURE AMB. / INSL. PWR. CODE MOTOR OR
GEN. C / D: 

BEARINGS MOUNTING 8 METHOD OF
DRIVE

RAILS OR BASE MODEL NUMBER REDUCER

OR AUX. D / S: 

ROTAT FROM OPP. DR. END D -C FIELD EXCITATION DOUBLE SHAFT EXTEN. BRAKE OR
AUX. D / 5: 

RE ( 

DO' 
REDUCER STYLE CLASS FRAME RATIO OUTPUT

RPM

ASSEMBLY BLOWER MOTOR

PH/ HZ/ VOLTS / HP

B,_ i

DATA

BRAKE TYPE SIZE RATING

FT/ LB

DUTY P. O. 

DATA

FOR

CON• 

TROL

D MOTOR ARMATURE CURRENT- AMPS A -C MOTOR INFORMATION FOR

SELECTION OF STARTER HEATERS: 

CODE: LUCKED AMPS: 

C

FIELD CHARACTERISTICS PER CURVE

FI– fp MAX. AMPS RPM

F. L. CURRENT: AMPS. 
MAX. AMPS RPM

FII --Fyy, 

F3 —F4, MAX. AMPS RPM

SPCL. 

IN- 

5TA• 
TION

FEAT, 
n

CERTIFIED DRAWINGS 8 DATA CONTINUED ** 
DATE: MOD. NO: PERCENT & 85 PERCENT VOLTS

DATE: MOD. NO: ALLOWABLE CURRENT VS TIME

DATE: MOD. NO: FOR RUNNING 8 STALLED CONDITI

OATS: MOD. NO: RPMS AMPS FOR LIGHTEST 8

MISC. 

DMA
DATE MOD. ND: HEAVIEST STARTING DUTY

Motor Tag # 1- PM- 014A - WSD

1- PH- 014B- WSD
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MOR4ZIS S . O . 9c1,40 1

INDUCTION MOTOR SUBMITTAL DATA RECORD

Client

Driven Equipment & Spec No. 

MOTOR NAMEPLATE DATA: ( Legibly stamped
Manufacturer R C.0PiC
Full Load Amps ( 42 O Service Factor I O
Voltage L(cO Phase

Frame Size F1;33'2CaT Type

Max. Amb., C '- I() Rise, C

Bearing No., Shaft End ' 35(() 2 Q' 
Model No. 

Project

or engraved on a stainless steel nameplate) 

Horsepower

Full Load RPM p1O
3 Frequency ( 9O
P8 NEMA Code

Time Rating CONT . 
elo Inst. Book No. 

A'2% Bearing No., Other EndSS CP.X
Serial No 1M( 1-` - C

Insulation Class NEMA Design

Miscellaneous: ( Mfg. Std.) 

Vertical Motors: Shaft Type ( Hollow or Solid) 

Maximum Downthrust

Horizontal Motors: Conduit Box ( Right or Left

Accessories Terminal Box ( Right or Left, 

Winding Temp. RTD' s: No X Yes

Bearing Temp. RTD' s: No X Yes
Bearings: Type

Inboard or Lower: p, /F
Outboard or Upper: plr

Locked Rotor Amperes and Power Factor
OtherSECONDS OF LOCKED ROTOR

Motor@

Percent of rated voltaae

85% 1 100% 110% 

40° C 10 Zo zo

120° C 0 2.0 20

Maximum rotor temp. 1, 4/ 14,. 

Maximum Upthrust

Facing Shaft) LF '- 
Facing Shaft) 

Number

11. n

Lubrication

Net Weight '- 1Pf) Space Heater Rating I)( Qt) \ n) @ 1tS V
Enclosure 71P-F=C Minimum Terminal Voltage H L1
Recommended method of motor protection ( to be attached on separate sheet) 

THE FOLLOWING DATA IS NOT REQUIRED FOR FRACTIONAL - HP MOTORS: 

Sound Pressure Level at a' " A" scale - 72- 
Sound Pressure Level at 2 ' Unweiohted in Octave Band• 

1 2 3 4

Amperes

6 7 8 9 t0
C71-) 1 G2 1 1 c3 S1 1( o

WK2 (

Motor Only) rj 718
Design Air Flow, CFM NJA
Air Gap

WK2 ( Motor Plus Driven Equipment) C1} -* QS

Stator Res., Ohms at 25 ° C b, \ 6S1
Subtransient Reactance ( X" d) N/ A

Base: 100% Rated Voltage and 40 °C Amb. 1 / 2. Load 3/ 4 Load Rated Load
Amperes 31 _LI y Z p

Power Factor O - y
Efficiency FP, .6 qn . 1 an .s
Losses ( in KW) Og 2 y..t-44
Hot Spot Iron Temp ° C NI/ P. N1a 1 r!-  A = COX
Hot Spot Copper Temp ° C N%F, N%A 1:( 1 %C, 

Curve Numbers: 

Allowable Current VS. Time, Running and Stalled 471A,;} 4a] S \< - L1 1 - (11
Calc. RPM& Amps VS. Time, Accelerating Lightest &Heaviest Load* UE t';, 9C- 3LC- 1 { 1'ci
RPM VS. Torque & Current_ AT -- 1 ' 
Motor Tas # 1- PM - 014A - WSD & 1 - PM - 0148 - WSD

peer RET

0. 71 6- 1- 78
CMRCRID RMK

A. ROrco AFC

TIPPETT & GEE, INC. 

CONSULTING ENGINEERS
ABILENE TEXAS

GIBBONS CREEK

STEAM ELECTRIC STATION
TEXAS MUNICIPAL POWER AGENCY

SM NO. REV. 

8 228

DATE

STANDARD NO

FM - 7

b



PE1B72VB2Pr..., 
Motor Tag # 1- PM- 014A- WSD & 1- PM- 014B- WSD . . 

REL. s.o. 1 1404 9 3627 RPM 1770 S. F. 1 0 ROTOR 4 1 1 2 89 - 30 - PE

FRAME 32 6 T VOLTS 460 NEMA DESIGN g TEST S.O. TYPICAL DATA

HP 50 AMPS 62 CODE LETTER F TEST DATE --- J

TYPE p DUTY c 0 Ni- ENCLOSURE TEFC STATOR RES.(' 25° C • i 357

PHASE/ HERTZ 3/ 60 AkilecimisuL 40/ B E/ S 590958 OHMS ( BETWEEN LINES) 

4_____ . 

MIROUE-JITEIDOZ -./ CIETS3n:INI:CLORD-_-3- CIRQUE - • ---:--1_ 
11.0 - 

i
1.- SPEED _ 

r_ 
in - 

4- 

CA.; 
C9-: 

CI 7. . 

in - -- 

7irf. •- - _ _-. -_-.. , 

71.1 --= 

1-0-:_ 
4= 1 - 

4- - _ _ i - 
1- J- : cus-ro g . - 49 4 0-1:::--=:- 

t

FIL-Ei14- 2-24-- 
74---- 4.01-15.-- 1 I 74_:.1.: .-.;:. L4:-.:_.-- C05i

44

r 1- - 177-i 1 ..-- 1 . . ' 
t-- 

t 1--- 
I

i

4.0 - 

ISINE 2-- - -* I-- -- -.
t-..---...-..1 - 

1 , ". : = - - - 
4---- 

4 .
411 IIIII__11111. 1111111 __ i___ 

TORP. ------ . ---- 71-- 

f

4 - -- t -- P.-0 _ A_ 4 11111141111111111111111P MISAIIIIMIIIIIiIIIIiiiIIM411 ._ 

i___ =_. 

L--iLiin. 
4

F 1I 1

41• 111111111111111111111. 11111. 11. 1111". 111111111111" 1111r- 

AD CD -7.. 1 CD

1

4--- --- 

4
MMA-M-rT_I.M. 

4------. 

4- ..--
rAtrf

4-- 
41:. .-- --.-- 4--- 

cp.P..._ 3_0Rm3Na . _.. 4__- L:-_7
ssiDj-f' 

GI-cc -- i- - - 1.3 • 

J - - - 
00=---1 500 al 800:---2001L---2200H-214 00 ------7--- 

1 SP-EE-0---IN
4

OH
K:---3148 17- 90R

Ai • 4 1 - I

Tr--; _# 4 - - 
I r--- I

7-7.-:Cr--4 -=-• --- . Cr-f ' 1- J -- 4.---- 

fr)7 r) 1.1___:___. --
h-___,_ 4

1 . 
4_. 

1 i -
4- - -- i

4 ..... , 4- 

1 -- - 
7..-.4 . 7---=_--._-

actn1- 
x_- 

1--

t, 

cu
v --+- 7- 

I -- ---- - ---. 
4 -- ._. ---,-- .---- 4 -:-__:_ 

H_ ___: 4

51=14-4
41- : 

7.--- F- " 1 4
4---=__.- in - 

In.:_. cn up -,`•--.-..-_ z_TRQC.t_-_____ 
12-__ I - 1- riiiiiri: 

1
4 - 1 -. --, - 

1--* .. - 
4

t----- . - - 4 _ H
77U) 

LTH

iI
i-
4 ..- --. 177.--.......-q :-.--:,-- --:-. • - 171-- 

t - 

1- 4

i i .--- .---- 4

1 ... i - • • - __ . 2- 1- --- . t . 1 . - - -.:- 

4 ----- - 1- 1===.=- Li - --= 77-. -----' ----7. ---* " 7-1=-_... 
4- 4--- -, ----- 7. 72-==. 1.-L---=.-- 1= 17-7- 

7.---
7::::--- • - • • -- - - - - 

7r":"-_ -
1777- - 

7-;_-_7÷: 77-1:_' . I 77_-_:7-_-_-:-17.7=_Th• __ , . . __:-.777 . 7. :_ 

1 . -- - . 

1- _:___ . 1 ...._.-. 1 _..___.: 1 ____: 1 _ _ .- 1- - 77_4 ---_-_-_LI --- = - , 77 i ' - - 7 : ' 

200P :-: z400 = 76007- 4300 - *-- -1000 7 71 2 00 :71 00 1- 11 600 :---4 SOO 2000 --- 2200 7 : 21400 - 

i__-=_L-.-_= 4::: 777_::=_; 77_=_": 

5K- 314 8 I 7-- 9 01:1- 7-71=-- 4- 
7 7771.:_::_-_ 7:.7:-.. 7_ : : TT: 4=774- -- • ..--- t------: -, - -_ , - ' 

AMPERES SHOWN FOR CONNECTION. IF OTHER VOLTAGE CONNECTIONS ARE AVAILABLE. THE
AMPERES WILL VARY INVERSELY WITH THE RATED VOLTAGE. 

RELIANCER2
ELECTRIC MO

CLEVELAND, OHIO 44117 U. S. A. 

DR. eYCNI LAND44141 A- C MOTOR

PERFORMANCE SK- 348 17- 90A, 90B

CURVES ISSUE DATE 05/ 22/ 80

cot.. By . 0./ 77, R)-f"P
APP. BY n

DATE DS 22_ 
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8

7
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5

4

3

2

1 s
9

8

7

6

5

4- 

3

2

I tlE_KtifiL7L 1111 1.- LUKVt i i_.1 -: : bd- r L—rifirp..i. KUN- bk=.14_111T-=.51 77:-_::: 
7..1 1 7--...:1--- T77. r

oRjytplorib
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f

RE1612VB2
P

REL. S.O. 1 M0493627 RPM 1 770 S. F. 1 . Q ROTOR 411289 - 30 - PE

FRAME 326T VOLTS 460 NEMADESIGN B TEST S. O. CALCULATED DATA

HP 50 AMPS 62 CODE LETTER F TEST DATE --- . 

TYPE p DUTY CO NT ENCLOSURE TEFL STATOR RES. 9 25 °C . 1 857

PHASE /HERTZ 2/ 60 AMB °C / INSUL 40 / B E/ S 590958 OHMS ( BETWEEN LINES) 

i

4. 

itUST:- t494O1J_- 
T 1== 2 -254zi

T---:- oAD 1
t ---- 4

CUST= 

SjT= D- 7D- T = F4 T4

1. b_AD_:tbk6
tOAfl EPOWERa

CUF3VE:.- SE57:— 

3EAVI£ ST UT1- 35

48 f1= 015 J
I T'--D 17,4+ - f'-- 1 ' H

4

0 -1
o - 

t--... 
1 t

77. 0
o- 3CC LERF IDN.=- HERYIEST= 1LM P!!9D - E IN_ 1 BQy

1

I11

TE
0 _ 

i mom

C

1 - 
1 --

1

yy 1

Q _ . 0

080: - i] 20
1E

1.10 =: O0_0= . 040-- 71 60=-. 200 80 -x920 „ 960 -. - 0- . 480

K - 48
N= 



4

3

1

1

i

DUTY MASTER ALTERNATING CURRENT MOTORS
SOUIRREL -CAGE INDUCTION

ENCLOSURE: TOTALLY ENCLOSED - FAN COOLED

MOUNTING: FOOT, ONE SIZE LARGER CONDUIT BOX

FRAMES 182T THRU 365TS

DIMENSIONS ARE IN INCHES

FRAME

BS141

A 0)2) I E 0 N I J 1 0 P AA I AB I AC I AF I BA I AE I K I T
1821 1841 1 8. 50 4. 50 3. 75 I 25  44 97 9. 00 0.00 ; 1. 00 I 8. 44 844 1 2. 50 1 275 i 4. 50 1 1. 88 , 
213T 2157

1847

9. 50 5. 25 1 4. 25 . 25 ' 44 75 10 44 10. 38 1. 25 9. 12 7. 12 2. 50 1 3.50 1 5. 25 1. S8 2. 00

2547 2561 1 11. 50 1 6. 25 5. 00 • 25 ' 56 1. 19 12.16 11. 78 ' 1. 50 1 11. 19: 6. 56: 3. 19 1 4. 25 '; 6. 25 • 262 I 1. 62

2847 286TS 13. 75 7. 00 5. 50 62 56 2. 50 14. 25 14. 50 : 2. 00 i 12. 06. 944 I 3 19 4. 75 7. 00 2.75 • 2. 38

324T 326TS j 15 50 8. 00 6. 25 62 69 2. 75 16. 25 16. 50 1 3. 00 15. 69 11. 62 4. 25 5. 25 8. 00 3. 12 ' 2. 38

3641 36515 I 17. 00 9.00 7. 00 88 . 69 2. 75 18. 50 19.00 ' 3. 00 I 16. 50 1 13. 25. 4. 25 5. 88 9. 00 4.30 2.94

11) 

9. 50

1

4. 62

I 1 1 1

50 I 5. 50 . 

1 1

2. 91

I 1

280

28415 I

1

4. 75 11. 50

1 BS141 8 2F
BACKEND SHAFT AND KEYWAY 1 SO. I FRONT END SHAFT AND KEYWAY j S0. 

KEY IFRAME

I TEFC I N N•W t U131 i V 1 ESIMin8 KEY 1 FN IFN• FW I FU131 ! FV ' FESIMinI

1821 1 14. 69 2. 25 I 5. 50 I 4. 50 1 294 I 2. 75 1. 1250 2. 50 : 1 78 , 25 ' 3. 19 j 2. 25 6750 2. 00 1 1 11 19 ! 50

1847 15. 69. 275 ' 6. 50 5. 50 i 2. 2. 75 1. 1250 2. 50 1. 78 ! 25 1 3. 19 2. 25 9750 ' 200 ! 1 41 1 19 1 60

2131 ' 17. 75 1 2.75 ' 6.5C 5. 50 I 3. 56 3. 38 1. 3750 3. 12 : 2. 41 ! 31 1 3.75 2. 75 1 1. 1250 2.50 ' 1. 78 25 SO

2157 j 19. 12 150 8. 00 7. 00. 3.56 1 3. 38 1 1. 3750 3. 12 ! 2.41 31 3.75 2. 75 1 1. 1250 2. 50 1. 78 25 92

2541 I 22.75 4. 12 9. 75 8. 25 4. 25 4. 00 1. 6250 3. 75 i 2. 91 38 4. 62 3. 38 1. 3750 1 3. 12 2. 41 31 135

2561 I 24. 50 5. 00 ' 11. 50 1 10. 00: 4. 25 I 400 1. 6250 3. 75 1 2. 91 38 4. 62 ' 3. 38 1_ 3750 3. 12 2. 41 31 150

25• 1 25. 94 4. 75 ' 11. 50 9. 50 4. 68 1 4. 62 1. 875 4. 35 1 3. 28 I 50 I 5. 50 . 4. 00 1 1. 6250 3. 75 2. 91 38 280

28415 I 24. 56 ' 4. 75 11. 50 9. 50 , 3. 50 I 3. 25 1. 6250 3. 00 . 1. 91 38  4. 75 : 3. 25 1. 6250 3.00 1. 91 38 ; 278

2867 27. 44 5. 50 13. 00 11. 00 ' 4. 88 62 1. 875 4. 38 3.28 50 5. 50 4. 00 1 1. 6250 3. 75 2. 91 38 330

28615 26. 06 5 . 5 0 . 13. 00 11. 00 1 3. 50 3. 25 1. 6250 3. 00 , 1. 91 38 1 4. 75 1 3.25 1 1. 8250 1 3. 00 1 1. 91 38 1 328

3241 : 28. 94 5. 25 13. 25 10. 50 ; 5. 50 ( 5. 25 2. 125 5. 00 3.91 50 6. 12 ! 4.62 1 1. 875 1 4. 38 ; 3. 28 50 ' 430

324TS I7.44 I 5. 25 13. 25 10. 50 00 ! 3.75 1. 875 3. 50 ' 2.03 50 ' 5. 25 , 3. 75 1 1. 875 1 3.50 1 2. 03 50 : 427

3267  30.44 6. 00  14. 75 72. 00 ' 5. 50 5. 25 2. 125 5. 00 1 3.97 50 6. 12 ' 4. 82 1 7. 975 4.38 i 3. 28 50 i 480

32615 ' 28. 94 6. 00: 14. 75 12. 00 ' 4.00 ( 3. 75 1. 375 3. 50 203 50 1 5.25 1 3. 75 1 1. 875 1 3.50 2. 03 50 : 477

3647 I 33.44 612 15. 25 1 11. 25 6. 12 1 5. 88 1 2. 375 5. 62 1 4. 28 62 J 6.50 i 4. 62 1. 175 4. 38 3. 26 50 ! 650

36475 31. 31 1 6. 1: 15. 25 11. 25 4. 00 ' 1, 3. 75 1 1. 875 1 3.50 I 2. 03 1 50 I 5.62 3. 75 1. 175 3. 50 2. 03 50 ' 
1

6• 4

365T ' 33.44 1 612 ' 15. 25 12. 25 6. 12 , 5. 88 2. 375 1 5. 62 1 4. 28 1 62 6.50 1 5. 25 1. 675 5. 00 3. 26 so ' 700

36575 31. 31 j 6. 12 i 15. 25 1225 1 4.00 ' 3. 75 1. 875 3.50 2. 03 50 5. 62 1 3.75 1. 875 4. 00 2. 03 50 ' 694

111

t1
1) SPECIAL DIMENSIONS ON THIS LINE

21 - D" VARIES •. 00.... 03 - 1407 TO 3607. 4.00. -. 06 • 400T • 4401

3) - 17" i FU VARY UP TO 1. 625 DIA. •. 0000, -. 0005
1. 625 AND LARGER •. 000. -. 001

14) CENTERLINE OF FOOT MOUNTING HOLE TO CENTERLINE OF
TERMINAL HOUSING. 

Motor Tag # 1- PM - 014A - WSD
1- PM- 014B- WSD

FRAME- TYPE - CERTIFIED FOR - 

ORDER- ITEM- MP- RPM

CONDUIT BOX LOCATED ON OPPOSITE SIDE WHEN F. 2. W1, W .4. W 5. 
VI-7. 0R C. 1 MOUNTING IS SPECIFIED. STANDARD DOUBLE SHAFT
SUPPLIED ONLY WHEN SPECIFIED. IF MOUNTING CLEARANCE DE• 
TAILS ARE REQUIRED CONSULT FACTORY. MAXIMUM PERMISSIBLE

SHAFT RUNOUT WHEN MEASURED AT END OF STD. SHAFT EXTENSION

1S . 002 T. I. R. UP TO AND INCLUDING 1. 625 DIA. AND .003 T. I. R. 1. 625 TO
B INCH D1A. 

H- 142- VOLTS

RELIANCE SALES ORDER- APPROVED BY • CATE - 

RELIANCEVI
0

CLEVELAND. OHIO 44117 U. S. A

Um 8 0. MSIn..' 1

C. 4• ( T. Fo en... 

r.• a. J. H. POntz r

U• 11. 3 - 26 - 76

DIMENSION 602531 -63
SHEET ISSUE DATE SEPTEMBER 1. 1179

10 - 541 - 03 • 



REISSUED FOR ADDITION OF CURVES

RELraNCE
ELECTRIC COMPANY Q
MOTOR DIVISION. CLEVELAND. OHIO 44117, U. S. A. 

DATA TRANSMITTAL

AND CERTIFICATION

TA
SPECIAL MARKS: 

M22546 - 47

SPECIAL FEATURES: 

230V SPACE HTRS OPERATED ON 115/ 1/ 60
GROUND HOLE IN FOOT

85 DBA AT 1 METER
OVERSIZED CONDUIT BOX

SEPARATE CONDUIT BOX

STAINLESS NAMEPLATE

ROUTINE TEST W / REPORTS

CERTIFIED DRAWINGS & DATA: 

ruN 2 19E2

Motor Tag # 1- PM - 023A - WSD

1 - PM- 0236 - WSD

D/ S P/ L TEST REPORTS TO CUST ATTN W CLAPP 1 COPY

TO 26363 COPIES EA PERF CURVES AT 100% & 85% ALLOWABLE

CURRE. TIME FOR RUNNING & STALL CONDITION RPMS VS AMPS
FOR LIGHTEST & HEAVIEST STARTTNC nU1TY

CUSTOMER ORDER NO. 

49604

DATE

02/ 09/ 80' 

REO. NO. S. O. NO. 

1MA493733 REFER TO THIS NUMBER

IN All CORRESPONDENCE

lD MORRIS PUMPS, INC. 

31 E. GENESEE ST. 

BALDWINSVILLE, N. Y. 13027

DATA PROVIDED WITH THIS TRANSMITTAL AND CERTIFICATION 15: 

0 FOR CUSTOMER APPROVAL BY DATE• 

Return of approval prints by the above dote is required to assure scheduled
shipment. delay in return and / or revision of approve! prints may rsouirs • 
shipmene reschedule. Return approved D/ S to dote source. 

El FINAL. APPROVED FOR CONSTRUCTION OR INSTALLATION. 

0 PRELIMINARY. ENGINEERING I5 COMPLETED. 

REVISED, SUPERSEDES DATA PREVIOUSLY ISSUED. 

0 SEE REMARKS. 

41P

0: 

SAME AS " SOLD TO" UNLESS SHOWN

TA

1RCE

TRANSMITTAL AND CERTIFICATION ISSUED BY • 
RHW DATE 5/ 27/ 80 CK BY DATE

COLLINS INDUSTRIAL DRIVE

ATHENS, GEORGIA 30601 , . 

R °

R

N• 

TA

ITEM

A I
USED FOR USERS PLANT MOTOR OR

GEN. °/ 5: 
604990 -89

QTY. 

2

FRAME OOEB

447T 200 HP

SERV. FA

1. 00

TYPE R. P. M. 

PB 1800

C BOX
0/ 5

PH/ Hz/ VOLTS- WINDING DUTY

3/ 60/ 460 I CONT

ENCLOSURE

TEFC

AMB. / INSL. 

40 B / BE

PWR. CODE MOTOR OR
GEN. C / D: • 

BEARINGS

BALL

I MOUNTING 8 METHOD OF

11
DRIVE Fl/ DRCT

RAILS OR BASE

II
I MODEL NUMBER REDUCER

OR AUX. D / 5: 

POTAT FROM OPP. DR. END

REV

D -C FIELD EXCITATION DOUBLE SHAFT EXTEN. BRAKE OR
AUX. D / S: 

cDUCER STYLE

1, 

CLASS FRAME RATIO OUTPUT
RPM

ASSEMBLY BLOWER MOTOR
PH/ HZ/ VOLTS / HP

KE

A

BRAKE TYPE SIZE 1RATING

FT/ LB

DUTY P. O. 

D-C MOTOR ARMATURE CURRENT• AMPS A -C MOTOR INFORMATION FOR

SELECTION OF STARTER HEATERS: 

CODE: F
LOCKED AMPS - 

TA

DI FIELD CHARACTERISTICS PER CURVE

h
FI -f2• MAX. AMPS - RPM

01
F11 —Ez2, MAX. AMPS RPM

220. F. L. CURRENT: AMPS. 

F3— F4, MAX. AMPS RPM

CL. 

N• 

A
DN

AL
4D

ADDITIONAL MOTOR OR GEN DATA: 

LD LOC - STD

FR CONST RGD

SPECL C/ B REQUIRED

AUX C/ B REQUIRED

1

TA
SPECIAL MARKS: 

M22546 - 47

SPECIAL FEATURES: 

230V SPACE HTRS OPERATED ON 115/ 1/ 60
GROUND HOLE IN FOOT

85 DBA AT 1 METER
OVERSIZED CONDUIT BOX

SEPARATE CONDUIT BOX

STAINLESS NAMEPLATE

ROUTINE TEST W / REPORTS

CERTIFIED DRAWINGS & DATA: 

ruN 2 19E2

Motor Tag # 1- PM - 023A - WSD

1 - PM- 0236 - WSD

D/ S P/ L TEST REPORTS TO CUST ATTN W CLAPP 1 COPY

TO 26363 COPIES EA PERF CURVES AT 100% & 85% ALLOWABLE

CURRE. TIME FOR RUNNING & STALL CONDITION RPMS VS AMPS
FOR LIGHTEST & HEAVIEST STARTTNC nU1TY



1

7

1

1

1

1
1

1

1

t4s1JkK1. •) Q•. >t 4`-‘4L0"1

INDUCTION MOTOR SUBMITTAL DATA RECORD

C 1 i en t
Driven Equipment & Spec No. 

MOTOR NAMEPLATE DATA: ( Legibly stamped or engraved on a stainless steel nameplate) 
Manufacturer ' ) 4. C • Horsepower

Full Load Amps 22) Service Factor 1. 0 Full Load RPM

Voltage H Q° Phase 3 Frequency ( on

Frame Size Ef3 1-- 1lT Type PP NEMA Code F
Insulation Class Eb EE. NEMA Design I3 Time Rating ( 01,ST

Max. Amb., ° C Rise, ° C Inst. Book No. F) o2) 

Bearing No., Shaft End Bearing No., Other End 11() .. Y2 v1 XZ{7

Model No. Serial No. IhRf 3-1:53

Miscellaneous: ( Mfq. Std.) 

Vertical Motors: Shaft Type ( Hollow or

Maximum Downthrust Maximum Upthrust

Horizontal Motors: Conduit Box ( Right or Left, Facing Shaft) 
Accessories Terminal Box ( Right or Left, Facing Shaft) 

Number

Project

Solid) 

Winding Temp. RTD' s: No X Yes

Bearing Temp. RTD' s: No X Yes

Bearings: Type

Inboard or Lower: f-WLL
Outboard or Upper: f- :Yp.LL

Locked Rotor Amperes and Power Factor
Other1 SECONDS OF LOCKED ROTOR

Motors

Percent of rated voltage

85% 100% 110; 

40 °C 20 20 20

120° C

I^ 

20

Z

LEFT

UT: T

Lubrication

Cic— ASE

lMaximum rotor temp. NJp, 
Net Weight l' X.) i Space Heater Rating 29 , C \? Y' 

Enclosure TS Minimum Terminal Voltage 1- 11H

Recommended method of motor protection ( to be attached on separate sheet) 

THE FOLLOWING DATA IS NOT REQUIRED FOR FRACTIONAL - HP MOTORS: 

sz3C` Sound Pressure Level at 3

Sou

A" scale

ve Band: 

1 2 3 4 5 6 7 8 9 10

CSC% I^ 1

Z

r1G c 1 1 r>1

M Y.= 

WK2 (

Motor Only) 52- O
Design Air Flow, CFM Isjjp, 

Air Gap N! A

WK2 ( Motor Plus Driven Equipment) B' 0V S

Stator Res., Ohms at 25 ° C , ED /`' AL
Subtransient Reactance ( X " d) NV1\ 

Base: 100% Rated Voltage and 40' C Amb. 1/ 2 Load 3/ 4 Load Rated Load

Amperes 12' C, 1- 1 Q 21 =, 0

Power Factor
1

Efficiency Z 4:22,P, 4i' 1
Losses ( in KW) p M Y.= k0 t"-- 1- 

2.E
f.)`C

Hot Spot Iron Temp ° C t\177-: _ 
N/ A

hVA

NVAHot Spot Copper Temp' C

Curve Numbers: 

Allowable Current VS. Time, Running and Stalled S

Calc. RPM & Amps VS. Time, Accelerating Lightest &Heaviest

RPM VS. Torque & Current 5.. A AE 

Motor Tag # j1- 423A -WSD &- 1- PM- 0238 -WSD

RET TIPPETT & GEE, INC. 
a, 17777 GIBBONS CREEK

CMteKLD RMK

a•« iovie AFC ABILENE TEXAS

CONSULTING ENGINEERS

E. S
Loads 5- ATV 1 4

STEAM ELECTRIC STATION

TEXAS MUNICIPAL POWER AGENCY

S! i NO REV. DATE

8 orb

STANDARD NO. 

EM - 7



PIE1572V82
REL. S. O. 1 mg493733 RPM 1785 S. F. 1 . 0 ROTOR 414957 - 37 - NE
FRAME 447 T VOLTS 460 NEMA DESIGN B TEST S. O. TYPICAL DATAHP 200 AMPS 220 CODE LETTER ( j TEST DATE
TYPE p DUTY CO NT ENCLOSURE TEFL STATOR RES. • 25 °C • 0209
PHASE /HERTZ 3/ 60 AMB °C /INSUL 40 / B E/ S 501 81 4 OHMS ( BETWEEN LINES) 

0- 1
r

C) : o

Bill OROUEDITE1 0OZAIIL 5`- 3NII - 0AQ iaROlit .-i---- 

oOil

LUST: z T-_.4 96-04

CUST- " =F-1LEi =?11- 22544 =7

moo_ 
i b 1

I - TOROUE• Tom_ 

yam7. - 
W-07 .:_-0.,--c3

ice

f I I 1 - — 

1 5T
t31

t31ZI

7,------ 0---. 200T --410 600-7-- O O0Q= 203: 0D=_ 60t 800 -200fl: 2200 - 2400= 
1- --- -SPEE0 NTRPH51: 3.48.17=79_3B

1: 16.1 — • -` O = 2 fll - 
a

7-- i

Nor

C) 
G - 

0‘___ 

t-- 
1I

f--- 
E: r- mo-. 

0- 260' 1-- 4007-7•H600:-.77/3.007-7----79-: t100: 1200::-Ii - 00 - =.1600 - 1800• -2000 - 2200 = 2400 =- _- 
K -

I:_ i T1-- ___-= - ` SPEED - IN: f2NI_-_ - I_ - - -- •: 17. -_-- 5 - 34817 - 3A - -,-- y_-_; --_ - -- = r- :--- .--_- ; - _: - - =: -_ 7. :: 11- -_ __=--- -= -:= -_=.:_ - 17- 7.' ._ -__ 

AMPERES SHOWN FOR CONNECTION. IF OTHER VOLTAGE CONNECTIONS ARE AVAILABLE, THE
AMPERES WILL VARY INVERSELY WITH THE RATED VOLTAGE. 
RELIANCE
ELECTRIC

CLEVELAND, OHIO 44117 U. S. A. 

DR. ay LAND. 
A -C MOTOR

PERFORMANCE SK- 34817 -93A, 93B

CURVES ISSUE DATE 05/ 22/ 80

AP a ' APP. BV _ 

DATE • `/ t' l: • 



8

7

6

4

3

2

0

I -OD
c

8

6

5

4

3

2

1,7
1

I 0

9

E 8

7
c

6

L_ V 1. 
5

4

3

2

Li : _ : _ ,. 7 ...i__.._ i
219- FL—RMPS . 

71____ • 

1 • 
MOTOR IN111F31.77EMPERRIURE111,-- • M

1- --:-- i - 

44- " 
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DUTY MASTER ALTERNATING CURRENT MOTORS

4

S

RLLIANCE
ci .cr+Tt2II" iffI-7

SQUIRREL -CAGE INDUCTION

ENCLOSURE: TOTALLY ENCLOSED

MOUNTING: FOOT AUXILIARY CONDUIT BOX

FRAMES 445T THRU 449TS ABOVE NEMA RATINGS

lG

FV

FU

FN
FW

MOUNTING: FAN COOLED

LX

4r

t- ---•

t•"-81
AA

2FA N W
NPT

N- 

V PA- 

LGTH

DIMENSIONS ARE IN INCHES

FRAME DUTY A 0(21 E G H J 0 P BA K 1 T

4157 111. 4t. d 21. 00 11. 00 1 9. 00 1. 12 81 3.25 23.62 25. 00 7. 50 3.25 3.25

445TS Cothx1441 i 21. 00 I 11. 00 1 9. 00 1. 12 81 3.25 23. 62 25.00 7. 50 1 325 325

4477 9. lt. d 1 21. 00 11. 00 1 9. 00 1. 12 81 1 3.25 24.25 25.00 7. 50 1 3. 25 I 3.25 i
44715 Coupl. d 21. 00 I 11. 00 1 9.00 I 1. 12 81 I 3.25 24.25 25. 00 7.50 1 125 j 3.25
4.49T B. It. d 21. 00 11. 001 9.00 1 1. 12 81 , 3. 25 24.25 25. 00 7.50 1 3. 25 I 3.25 1

449TS I Coupl. d i 21. 00 1 11. 00 ! 9.00 1 1. 12 1. 81 1 3. 25 24. 25 I 25.00 7.50 1 3.25 1 3. 25 I
1) I 1 I 1 1 I I 1 1 1

FRAMEI

I
C 1 BS

I
B 1 2F

BACK END SHAFT 6 KEY jI FRONT END SHAFT 6 KEY I
N 1 N- W 1 U 131 V LGTH ISO. KFM FN I FN -FW FUI31 1 FV LGTH ISO. KEY • WEIGHT

4451 1 44. 62 1 825 1 19. 00 16.50 I 8. 50 I 6. 50 3.375 8.25 6.91 875 828 5.88 2. 375 5. 62 I 4. 28 I . 625 i1500

44515 1 40. 88 ! 8. 25 1 19. 00 16.50 1 4.75 , 4. 75 2. 375 4.50 3.03 1 625 7. 75 1 4.75 2. 375 1 4.50 3.113 1 . 625 11500
1. 1890

4477 48. 12 1 10. 00 ! 2250 20.00 6.50 1 8.50 1 3.375 8.25 6-91 1 875 6. 88 I 5.88 2.375 5.62 4. 28 i . 625

p 44715 44.38 10. 00 2250 20. 00 4. 75 ' 475 1 2.375 1 4. 50 3.03 1 625 7. 75 1 4. 75 2. 375 4. 50 3.03 625 11890

4.497 i 53. 12. 12. 50 1 27. 50 25 00 8. 50 8. 50 3. 375 : 8. 25 6.91 1 875 8. 88 I 5. 88 2.375 5. 62 4. 28 625 2228

41975 49.38 1 12. 50 27. 50 25. 00 4.75 4. 75 2.375 4. 50 3. 03 125 7. 75 ! 4. 75 2.375 4. 50 3.03 625 2228

111 1 1

MAXIMUM FULL

LOAD AMPERES

AA (51 I REF. ONLY

PIPE TAP I CONDUIT BOX
201 4 I 76870 -8

335 5 i 76870.0

600 6 1 76870 -A

SPACE HEATER CJBOX

FRAME

445

447

LX 1 PX AA X

11. 12 1 15. 50 1 1. 001 15. 50 1 1. 0012. 88

449 1 15.38 15. 50 1 1. 00 Motor

CONDUIT BOX

FRAME ( 5) STANDARD 11 CORR. PROOF 141
AA AE AB AC AF II A8 AC I AF ! I

4451 11. 00 22.50 1 17. 25 1 7. 00 1 22.75 17. 50 7. 00
44515 REFER 11. 00 1 22.50 1 17. 25 1 7.00 11 22. 75 1 17. 50 1 7.00
4471 I TO 11. 00 22.50 L 17. 25 1 7. 00 22.75 17. 50 7. 00

44775 NOTE 11. 00 22. 50 1 17. 25 ' 7. 00 11 22. 75 17 50 7. 00
4497 151 11. 00 1 22. 50 17. 25 . 7. 00 1 22. 75 17. 50 7. 00
449TS 11. 00 22. 50 17. 25 7. 00 it 22.75 17. 50 7. 00 1

111 1 1 1! 1 I

Tag # 1- PM- 023A - WSD
1- PM- 0238 -WSD

CONDUIT BOX LOCATED ON OPPOSITE SIDE WHEN F -2. W. 1, W .4, W. 5, W. 7. OR
C-1 MOUNTING IS SPECIFIED. STANDARD DOUBLE SHAFT SUPPLIED ONLY
WHEN SPECIFIED. IF MOUNTING CLEARANCE DETAILS ARE REOUIRED
CONSULT FACTORY. MAXIMUM PERMISSIBLE SHAFT RUNOUT WHEN
MEASURED AT END OF STD. SHAFT EXTENSION 15 . 003 T. I. R. TO 5 INCH DIA. 

111 SPECIAL DIMENSIONS ON THIS LINE

12) - D" VARIES •. 00 -. 06

31 - U" AND " FU- VARY •. 000 -. 001

141 CORROSION PROOF CONDUIT BOX SUPPLIED ONLY WHEN SPECIFIED
151 " AA" VARIES WITN FULL LOAD AMPS. PER TABLE ABOVE

FRAME- TYPE - 

OROER- ITEM - NP- 

RELIANCE SALES ORDER - 

CERTIFIED FOR - 

PPM- PH- HZ- VOLTS- 

APPROVED BY- 
DATE- 

iI DIMENSION 604990- 89
Ar. Bri. 1' CO8° Stc'

I SHEET ISSUE DATE DECEMBER 5. 1978



OCTOBER, 1978 INSTRUCTION MANUAL B- 3620 -11

Motor Tag # 1 - PM - 014A- WSD
1 - PM - 014B -WSD

1 - PM - 023A -WSD

1 - PM - 023B -WSD

INSTALLATION, OPERATION AND CARE OF

RELIANCE

STANDARD INTEGRAL HORSEPOWER INDUCTION MOTORS
180 - 449 FRAMES) 

IMPORTANT: It is important that these instructions be studied by the men installing and operating this equip- 
ment. Read thoroughly before starting. Keep these instructions for future reference. 

RELIANCE ELECTRIC
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TOTAL

SERVICE

PROGRAMS

Reliance Electric can provide a wide range of mainten- 

ance programs to help you reduce downtime, improve
productivity and increase profits. Capabilities include: 

Electrical and Mechanical Start -Up Service

Electrical Preventive Maintenance

Mechanical Preventive Maintenance

Vibration Analysis

Mobile Van Repair Service

Balancing and Alignment Service

Maintenance Schools

24 -Hour Technical Support

Modernization Service

For more information contact your local Reliance Electric
Sales Office or write: 

Reliance Electric Company
Technical Services
24701 Euclid Avenue

Cleveland, Ohio 44117

RENEWAL PARTS

An adequate stock of factory -made renewal parts is an
integral part of a sound maintenance program to protect

against costly downtime. 

Parts can be obtained from your nearest Reliance parts

distributor, or directly from the Reliance factory. When
ordering parts for which a part number is not available, 
give complete description of part and purchase order

number, serial number, model number, etc., of the equip- 
ment on which the part is used. 

A detailed parts list, which gives Reliance recom- 

mendations for spare parts that should be stocked for
your equipment, can be ordered from: 

1. Nearest Reliance Electric Sales Office

2. Nearest Reliance Electric Distributor

3. Reliance Electric Renewal Parts, Cleveland, Ohio

Be sure to include complete nameplate data — purchase

order number, serial number, rating, etc. — for your

equipment when ordering the spare parts list. 

1

11

NEW PARTS GUARANTEE

New parts sold by the Company are warranted to be of
the kind and quality contracted for and to be free of defects
in material and workmanship for a period of one year from
the date of shipment by the Company. 

If within this period the Company receives from the
Buyer written notice of any alleged defect in any such part
and if the part is found not to be in conformity with this war- 
ranty (the Buyer having provided the Company a reasonable
opportunity to perform any appropriate tests thereon) the
Company will, at its option and expense, either repair the
same or supply a replacement therefore. 

The Company, under either option, shall have the right to
require the Buyer to deliver the part for this purpose to a

designated service center and the Buyer shall pay all
charges for inbound and outbound transportation and for

services of any kind, diagnostic or otherwise, excepting
only the direct and actual cost of repair or replacement as
provided above. 

The company' s liability under this warranty or any other
warranty whether expressed or implied in law or fact shall
be limited to the repair or replacement of defective material

and workmanship and in no event shall it be liable for
consequential or indirect damages. 

ADDITIONAL LITERATURE

Additional literature covering the maintenance of a - c
motors can be obtained from the Reliance Electric Services
Division. Requests should be submitted through your

nearest Reliance Electric Sales Office. 



RECEIVING AND HANDLING

ACCEPTANCE

Thoroughly inspect the equipment before accepting
shipment from the transportation company. If any of the

goods called for in the bill of lading or express receipt are

damaged or the quantity is short, do not accept them until
the freight or express agent makes an appropriate notation

on your freight bill or express receipt. If any concealed loss
or damage is discovered later, notify your freight or express
agent at once and request him to make an inspection. We

will be very happy to assist you in collecting claims for loss
or damage in shipment; however, this willingness on our

part does not remove the transportation company' s respon- 

sibility in reimbursing you for collection of claims or re- 
placement of material. Claims for loss or damage in ship- 

ment must not be deducted from the Reliance invoice, nor

should payment of the Reliance invoice be withheld await- 

ing adjustment of such claims, as the carrier guarantees
safe delivery. 

If considerable damage has been incurred and the sit- 

uation is urgent, contact the nearest Reliance District Office
for assistance. Please keep a written record of all

communications. 

STORAGE - DUTY MASTER A -C MOTORS

Storage requirements for motors under negotiated ex- 

tended warranty are listed below. When a negotiated

extended warranty is in effect, these extended storage
requirements must be followed to allow the submission of

a valid warranty claim. 

1. The motors, if not mounted, are to be stored in the

original containers in a clean, dry, protected

warehouse. 

2. The storage area is to be free from any vibration and

from extremes in temperature. 

3. Bearings

a. Ball & Roller ( anti - friction) The bearings are to be

fully greased at the time of going into extended
storage. Motor shafts are to be rotated manually

every 6 months and additional grease added pur- 

ging some of that in cavity. Grease in the bearings
is to be purged at the time of removal from stor- 

age, making sure that an ample supply of fresh
grease is in each grease cavity. 

b. Sleeve ( oil lub) The bearings are tested using an

oil containing a rust inhibitor. Prior to shipment

the oil is drained. If motor is stored more than

one month the oil reservoirs must be refilled to the

indicated level with the specified lubricant. ( See

Instruction Manual) The shaft should be rotated

by hand every month at least 10 to 15 revolutions
to assure that an oil film is on the shaft and

bearing surfaces. 

4. All drains to be fully operable while in storage, and / or
the drain plugs removed. The motors must be stored

so that the drain is at the lowest point. All breathers

and automatic " T" drains must be operable to allow

breathing at points other than through the bearing
fits. 

5. All units equipped with heaters are to- have the
heaters connected if storage conditions in any way

simulate or approach atmospheric conditions ex- 

perienced in operation. 

6. Windings to be megged at the time equipment is put
in storage. At the time of removal from storage, the

resistance reading must not have dropped more than
50% from the initial reading. Any drop below this
point necessitates electrical or mechanical drying. 

Where a large quantity of motors is stored, an inspec- 

tion or sampling should be made by removing the end
brackets and visually inspecting for the presence of
water in the grease or rust on the bearing. If present, 
replace the bearings and relubricate. 

7. All external parts and motors subjected to corrosion

should be protected by some corrosive resistant

coating. 

8. Where motors are not stored in the original con- 

tainers, but are removed and mounted on other pieces

of machinery, the mounting must be such that the
drains and breathers are fully operable. In this respect, 
the drains must be kept at the lowest point in the

motor and /or the drain plugs removed so that all

condensation can automatically drain out. 

9. All other storage conditions apply, including rotation
of motor shafts. Where such conditions cannot be

met, then the equipment must be treated the same as

if it were mounted in its normal position, and all

protective devices such as heaters, breathers, and

drains fully operable. 

UNPACKING

After unpacking and inspection to see that all parts are
in good condition, turn the shaft by hand to be sure there
are no obstructions to free rotation. Equipment which has

been in storage for sometime should be tested and relubri- 

cated prior to being put into service. Refer to " Test for

General Condition" and " Lubrication" for procedure to be
performed after extended storage. 

Equipment with roller bearings is shipped with a shaft

block at the opposite pulley end. In removing the shaft

block, be sure to replace the bolts which are used to hold

the shaft block in place during shipment. 

WARRANTY

The Reliance Electric Company warrants workmanship

and materials on this motor for a period of one year from

date of shipment from the Reliance factory. In every case

concerning warranty, contact the nearest Reliance Sales
Office or authorized Reliance Service Shop. 



INSTALLATION

INSPECTION

After the motor is unpacked, examine the nameplate

data to see that it agrees with the power circuit to which it

is to be connected. The motor is guaranteed to operate

successfully with frequency not more than 5% and voltage

not more than 10% above or below the nameplate data, or

combined variation of voltage and frequency of not more
than 10% above or below nameplate data. Efficiency, 
power factor and current may vary from nameplate data. 

TABLE 2. General Effect of Voltage and Frequency Variation on Induction -motor Characteristics

Variation

Starting
and

max

running

torque

Syn- 

chronous

speed

slip
Full -load

speed

Efficiency Power factor

Full- 

load

current

Starting
current

Temp

rise, 

full

load

Max

overload

capacity

Magnetic

noise — 

no load

in

particular

Full

load

3/ 4

load

1! 2

load

Full

load

3/ 4

load

1/ 2

load

Voltage variation: 

120% voltage Increase No Decrease Increase Small Decrease Decrease Decrease Decrease Decrease Decrease Increase Decrease Increase Note. 
44% change 30% 1. 5% increase is - 2

points

7. 20

points

5- 15

points

1030

points

15. 40

points

11` 0 25% 5. 6 ° C 44°% able

increase

110% voltage Increase No Decrease Increase Increase Pram- Decrease Decrease Decrease Decrease Decrease Increase Decrease Increase Increase

21 ° 6 change 11% 1% e - 1

point

cally no

change

1- 2

Points

3 points 4 points 5. 6

paints

7% 1012`-6 3 -4 ° C 21% slightly

Function of voltage Voltage) 2 Constant 1 Synchronous

speed slip) 

Voltage Voltage) 2

voltage) 2

90% Voltage Decrease No Increase Decrease Decrees_ Practi- Increase Increase Increase Increase Increase Decrease Increase Decrease Decrease
195 change 23% 1' 6% 2 points cally no

change

1. 2

points

1 point 2 - 3

points

4. 5

points

11% 10- 12% 6 - 7 ° C 19°% slightly

Frequency variation: 

105 °,0 frequency Decrease Increase Practically Increase Slight Slight Slight Slight Slight Slight Decrease Decrease Decrease Decrease Decrease
10% 5` o no change 5% increase increase Increase increase increase increase slightly 5. 6% slightly slightly slightly

Function of frequency 1 Frequency Synchronous

speed slip) 

1

fre- 

quencyl2

frequency

95% frequency Increase Decrease Practically Decrease Slight Slight Slight Slight Slight Slight Increase Increase Increase Increase Increase
11% 5 °o no change 5% decrease decrease decrease decrease decrease decrease slightly 5 -6% slightly slightly slightly

NOTE: This table shows gene al effects, which will vary somewhat for specific ratings. 

LOCATION

The motor should be installed in a location compatible

with the motor enclosure and specified ambient. 

LIFTING MEANS

WARNING — WHEN A LIFTING MEANS IS PROVIDED

FOR HANDLING THE MOTOR OR GENERATOR, IT

SHOULD NOT BE USED TO LIFT THE MOTOR OR

GENERATOR PLUS ADDITIONAL EQUIPMENT SUCH
AS GEARS, PUMPS, COMPRESSORS, OR OTHER

DRIVEN EQUIPMENT. In the case of assemblies on a

common base, any lifting means provided on the motor or

nerator should not be used to lift the assembly and base

ut, rather, the assembly should be lifted by a sling around
the base or by other lifting means provided on the base. In

all cases, care should be taken to assure lifting in the direc- 
tion intended in the design of the lifting means. Likewise, 
precautions should be taken to prevent hazardous overloads

due to deceleration, acceleration or shock forces. 

4

MOUNTING

Mount the motor on a foundation sufficiently rigid to
prevent excessive vibration. Ball- bearing motors may be
mounted with the feet at any angle. After carefully align- 
ing the motor with the driven unit, bolt securely in place. 

DRIVE

The pulley, sprocket, or gear used in the drive should be
located on the shaft as close to the shaft shoulder as
possible. Heat to install. Driving a unit on the shaft will
damage the bearings. 

Belt Drive: Align the pulleys so that the belt will run

true; tighten the belt just enough to prevent slippage, any
tighter will cause premature bearing failure. If possible, the

lower side of the belt should be the driving side. 



0

INSTALLATION ( Cont' d) 

Chain Drive: Mount the sprocket on the shaft as close

to the bracket as possible. Align the sprockets so that the

chain will run true. Avoid excessive chain tension. 

Gear Drive and Direct Connection: Accurate alignment

is very essential. Secure the motor and driven unit rigidly
to the base. 

ROTATING PARTS

WARNING — ROTATING PARTS, SUCH AS COUPLINGS, 

PULLEYS, EXTERNAL FANS, AND UNUSED SHAFT

EXTENSIONS, SHOULD BE PERMANENTLY GUARD- 

ED AGAINST ACCIDENTAL CONTACT WITH HANDS

OR CLOTHING. THIS IS PARTICULARLY IMPORTANT

WHERE THE PARTS HAVE SURFACE IRREGULAR- 

ITIES SUCH AS KEYS, KEYWAYS OR SET SCREWS. 

SOME SATISFACTORY METHODS OF GUARDING

ARE: 

1 Covering the machine and associated rotating parts
with structural or decorative parts of the driven or

driving equipment. 

2. Providing covers for the rotating parts. The openings
in or at the edges of such covers should not be over

1/ 2 inch wide ( 3/ 4 inch if the rotating parts are more
than 4 inches from the opening) in the direction, 
usually above and to the side, from which contact is
to be expected. In other directions where other

stationary parts, such as a sub -base provide partial

guarding, somewhat wider openings may be used. 
Covers should be sufficiently rigid to maintain ade- 
quate guarding in normal service. 

WIRING

Connect the motor to the power supply according to the
diagram on the motor nameplate. For most 230 and 460

volt motors, nine leads are brought out from the stator

windings so that the motor may be connected for either
230 or 460 volts. 

GROUNDING

WARNING — THE FRAMES AND OTHER METAL EX- 

TERIORS OF MOTORS AND GENERATORS ( EXCEPT

FOR INSULATED PEDESTAL BEARINGS) USUALLY

SHOULD BE GROUNDED TO LIMIT THEIR POTENTIAL

TO GROUND IN THE EVENT OF ACCIDENTAL CON- 

NECTION OR CONTACT BETWEEN LIVE ELECTRICAL

PARTS AND THE METAL EXTERIORS. See the National

Electrical Code, Article 430 for information on grounding

of motors, Article 445 for grounding of generators, and
Article 250 for general information on grounding. In

making the ground connection, the installer should make
certain that there is a solid and permanent metallic con- 

nection between the ground point, the motor or generator

terminal housing, and the motor or generator frame. A

common method of providing a ground is through a
grounded metallic conduit system. 

5

Motors with resilient cushion rings are usually supplied

with a bonding conductor across the resilient member. 

Some motors are supplied with the bonding conductor on
the concealed side of the cushion ring to protect the bond
from damage. Motors with bonded cushion rings should

usually be grounded at the time of installation in

accordance with the above recommendations for making
ground connections. When motors with bonded cushion

rings are used in multimotor installations employing group

fusing or group protection, the bonding of the cushion ring
should be checked to determine that it is adequate for the

rating of the branch circuit overcurrent protective device

being used. 

There are applications where grounding the exterior parts
of a motor or generator may result in greater hazard by in- 
creasing the possibility of a person in the area simul- 

taneously contacting ground and some other nearby live
electrical part of other ungrounded electrical equipment. 

In portable equipment it is difficult to be sure that a

positive ground connection is maintained as the equipment

is moved, and providing a grounding conductor may lead to
a false sense of security. When careful consideration of the
hazards involved in a particular application indicate the

machine frames should not be grounded or when unusual

operating conditions dictate that a grounded frame cannot
be used, the installer should make sure the machine is per- 

manently and effectively insulated from ground. In those

installations where the machine frame is insulated from

ground, it is recommended that appropriate warning labels

or signs be placed on or in the area of the equipment by
the installer. 

STARTING

WARNING — BEFORE STARTING MOTOR, REMOVE

ALL UNUSED SHAFT KEYS AND LOOSE ROTATING

PARTS TO PREVENT THEM FROM FLYING OFF. 

When starting the motor, check the following items: 

1. The rotor should turn freely when disconnected
from the load. 

2. Driven machine should be unloaded when first

starting the motor. 

The motor should run smoothly with little noise. If the
motor should fail to start and produces a decided hum, it

may be that the load is too great for the motor or that it

has been connected improperly. Shut down immediately
and investigate for trouble. 

DRAIN PLUGS

If motor is totally enclosed fan - cooled or non - ventilated
it is recommended that condensation drain plugs be re- 
moved. These are located in the lower portion of the end - 

shields. Totally enclosed fan - cooled " XT" motors are

equipped with automatic drains which should be left in

place as received. 



INSTALLATION ( Cont' d) 

ROTATION

To reverse the direction of rotation, disconnect from
power source and interchange any two of the three line
leads for three phase motors. 

TEMPERATURE RISE

Under normal operating conditions, with the motor

applied in accordance with the nameplate rating, the

temperature rise will not exceed the proper limits. Always
use a thermometer to determine the heating of a motor. 

The hand is not reliable in determining whether or not the

motor is too hot. 

TEST FOR GENERAL CONDITION

If the motor has been in storage for an extensive period

or has been subjected to adverse moisture conditions, it is
best to check the insulation resistance of the stator winding

with a megohmeter. 

If the resistance is lower than one megohm the windings

should be dried in one of the two following ways: 

1. Bake in oven at temperatures not exceeding 90 °C. 
until insulation resistance becomes constant. 

2. With rotor locked, apply low voltage and gradually
increase current through windings until temperature

measured with thermometer reaches 194 ° F. Do not

exceed this temperature. 

INITIAL LUBRICATION

Reliance motors are shipped from the factory with the

bearings properly packed with grease and ready to operate. 
Where the unit has been subjected to extended storage ( 6
months or more) the bearings should be relubricated prior

to starting." 

OPERATION

Due to the inherent characteristics of insulating mater- 

31s, abnormally high temperatures shorten the operating
life of electrical apparatus. The total temperature, not the

temperature rise, should be the measure of safe operation. 

The class of insulation determines the maximum safe

operating temperature. Aging of insulation occurs at an

accelerated rate at abnormally high temperatures. A general
rule for gauging the effect of excessive heat is that for each
10 °C. rise in temperature above the maximum limit for the
insulation, the life of the insulation is halved. 

Unbalanced voltage or single -phase operation of poly- 

phase machines may cause excessive heating and ultimate

failure. It requires only a slight unbalance of voltage applied

to a polyphase motor to cause large unbalance currents and

resultant overheating. 

Periodic checks of phase voltage, frequency and power

consumption of a motor while in operation are recom- 

mended; such checks assure the correctness of frequency

and voltage applied to the motor and yield an indication of

the load offered by the apparatus which the motor drives. 
Comparisons of this data with previous no -load and full -load

power demands will give an indication of the performance

of the complete machine. Any serious deviations should be
investigated and corrected. 
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Stator troubles can usually be traced to one of the

following causes: 

Worn bearings

Moisture

Overloading

Operating single phase
Poor insulation

Oil and dirt

Dust and dirt are usually contributing factors. Some

forms of dust are highly conductive and contribute mater- 

ially to insulation breakdown. The effect of dust on the

motor temperature through restriction of ventilation is a

principal reason for keeping the windings clean. 

Squirrel -cage rotors are rugged and, in general, give little

trouble. The first symptom of a defective rotor is lack of

torque. This may cause a slowing down in speed accom- 
panied by a growling noise or perhaps failure to start the
load. 

This is caused by an open or high resistance joint in the
rotor bar circuit. Such a condition can generally be detected

by looking for evidence of localized heating. 

Rotating parts, such as couplings, pulleys, internal - 

external fans and unused shaft extensions should be perm- 

anently guarded against accidental contact with hands or

clothing. 



MAINTENANCE

The fundamental principle of electrical maintenance is
KEEP THE APPARATUS CLEAN AND DRY. This requires

periodic inspection of the motor, the frequency depending
upon the type of motor and the service. 

The following should be checked at regular intervals: 
1. Windings should be dry and free of dust, grease, oil, 

and dirt. Windings may be cleaned by suction

cleaners or by wiping. Nozzles on suction type

cleaners should be non - metallic. Gummy deposits of

dirt and grease may be removed by using a com- 
mercially available low volatile solvent. WARNING — 
DO NOT USE GASOLINE OR OTHER INFLAM- 

MABLE SOLVENTS. 

2. Terminal connections, assembly screws, bolts and
nuts should be tight. They may loosen if motor is
not securely bolted and tends to vibrate. 

3. Insulation resistance of motors in service should be

checked periodically at approximately the same

temperature and humidity conditions to determine
possible deterioration of the insulation. When such

measurements at regular intervals indicate a wide

variation, the cause should be determined. Motor

should be reconditioned if the motor has been sub- 

jected to excessive moisture, or by re- winding or re- 

insulating if necessary. Enclosed motors require very

little attention. Be sure that external air chamber of

fan - cooled motors does not become clogged with

foreign material which will restrict passage of air. 

DISASSEMBLY

If it becomes necessary to disassemble the motor, care
should be taken not to damage the stator windings as the

insulation may be injured by improper or rough handling. 
Precautions to keep bearings clean should be exercised. 

Before removing either end shield: 

1. Disconnect motor from power source. Tag the leads
to insure proper reconnection. 

7

2. Remove motor from mounting base. 

3. Make end brackets relative to position on frame so

they can be easily replaced. 

REMOVING BRACKETS AND ROTOR

4. Remove bearing cartridge nuts or screws. ( If used) 

5. Remove front end bracket bolts. 

6. Pull bracket. 

7. Remove back end bracket in same manner. 

8. Remove rotor. 

REMOVING AND REPLACING BALL BEARINGS

BEARINGS SHOULD NOT BE REMOVED UNLESS THEY

ARE TO BE REPLACED. WHEN REMOVAL IS NECES- 

SARY, USE A BEARING PULLER. A BEARING PULLER

MAY BE RIGGED BY USING A METAL PLATE, WITH

HOLES DRILLED TO MATCH THE TAPPED HOLES IN

THE INNER CAP. USE CARE TO KEEP THE PRESSURE

EQUAL TO PREVENT BREAKING THE CAP. 

TO INSTALL A BEARING, HEAT THE BEAR ING IN AN

OVEN AT 250 °F. THIS WILL EXPAND THE INNER

RACE, ALLOWING IT TO SLIP OVER THE BEARING

SEAT. ALL BEARINGS MUST BE REPLACED WITH

THE IDENTICAL PART USED BY RELIANCE. IN

MANY CASES SPECIAL BEARINGS ARE USED WHICH

CANNOT BE IDENTIFIED BY MARKINGS ON BEARING. 

THE MAJORITY OF BEARINGS USED NOW HAVE A C3

INTERNAL LOOSENESS. 

REASSEMBLY

Follow reverse procedure as outlined for Disassembly. 

Having marked the brackets in the original position, 
replace as marked. 



LUBRICATION OF ANTI- FRICTION BEARINGS

This motor has been properly lubricated at the time of
manufacture and it is not necessary to lubricate at time of
installation. When the motor has been in storage for a

period of six months or more, lubricate before starting. 

Lubrication of anti - friction bearings should be done as a

part of a planned maintenance schedule. The Recom- 

mended Lubrication Interval should be used as a guide to

establish this schedule. 

Cleanliness is important in lubrication. Any grease used
to lubricate anti- friction bearings should be fresh and free

from contamination. Similarily, care should be taken to
properly clean the grease inlet area of the motor to prevent
grease contamination. 

RECOMMENDED LUBRICANT

For motors operating in ambient temperatures shown
below, use the following lubricant or its equal: 
OPERATING TEMP. — 25 °C (- 150 °F) to 50 °C ( 120 °F) 

CHEVRON OIL SRI NO. 2

SHELL OIL CO. DOLIUM R

TEXACO INC. PREMIUM RB

MINIMUM STARTING TEMPERATURE — 75 °C (- 100 °F) 

SHELL OIL CO. AEROSHELL # 7

WARNING: 

Mixing lubricants is not recommended due to possible
incompatability. If it is desired to change lubricant, 
follow instructions for lubrication and repeat lubri- 
cation a second time after 100 hours of service. Care

must be taken to look for signs of lubricant incom- 

patability, such as extreme soupiness visible from the
grease relief area. 

LUBRICATION FREQUENCY

Standard Conditions: Eight hours per day, 
normal or light loading, clean, 
40 °C ( 100 °F) maximum ambient. 

Severe Conditions: Twenty -four hour per day operation
or shock loading, vibration, or in
dirt or dust @ 40 -50 °C
100 - 120 °F) ambient

Extreme Conditions: Heavy shock or vibration, or dust. 
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ROLLER BEARINGS

For Roller Bearings divide the time periods by 2. 

BALL BEARINGS

Horsepower
Standard

Conditions

Severe

Conditions
Extreme

Conditions

1 thru 71/2

1800 RPM

and slower

3 Years 1 Year 6 Months

10 thru 75

1800 RPM

and slower

2 Years 6 to 12 mos. 3 Months

100 and greater

1800 RPM

and slower

1 Year 6 Months 1 to 3 Months

All over

1800 RPM

6 Months 3 Months 1 Month

LUBRICATION PROCEDURE

Reliance anti - friction bearings may be lubricated with
the motor running or stationary. Stationary with the motor
warm is preferred. 

1 Locate the grease inlet, clean the area and replace

the pipe plug with a grease fitting, if the motor is not
equipped with grease fittings. 

2. Add the Recommended Volume of the Recommended

Lubricant using a hand operated grease gun. 

3. Run the motor for two hours. 

4. Replace the pipe plug in grease inlet. 

RECOMMENDED VOLUME

Frame Size
Standard

Conditions

Severe

Conditions

Extreme

Conditions

182 thru 215 1. 0 Cu. In. 0. 75 Cu. In. 0.5 Cu. In. 

254 thru 286 2. 0 Cu. In. 1. 5 Cu. In 1. 0 Cu. In

324 thru 365 3. 0 Cu. In. 2. 0 Cu. In. 1. 5 Cu. In

404 thru 449 4.0 Cu. In. 3. 0 Cu. In. 2. 0 Cu. In



PLS CONSTRUCTION PROVIDES LONG LIFE FOR BEARINGS AND MOTOR

Cooler Bearing Operating Temperatures — Open

bearing ( non - shielded) construction ( 1) minimizes friction, 

allowing cooler bearing operation. 

Positive Lubrication / Relubrication in any Mounting
Position — Exclusive grease channeling window (2), with

minimum grease path entry ( 3), channels grease directly

into bearing track and avoids premature relief out shaft bore

or drain plug. 

Minimizes Corrosion — Small clearance on either side of

grease window uniformly distributes grease to both inboard

and outboard reservoirs ( 4) to protect bearing surfaces

during motor storage, long idle times and start -up. Bearing

system is completely greased during motor assembly. 

Restricts Inboard Contaminants — Inner bearing cap (5) 
with anti- churning vanes ( 6) and close running shaft

tolerance ( 7) minimizes contaminant entry into bearings, 
and grease migration into motor. 

Prohibits Overgreasing During Lubrication/ Relubrica- 
tion — Grease relief port ( 8) accurately indicates comple- 
tion of lubricationirelubrication. ( If port is plugged during
lubrication, PLS design will relieve grease along the shaft
9)). 

REPLACEMENT BEARINGS

Your maintenance program will not be complete without

including spare bearings. It must be remembered that the

bearing is a wearable component and therefore must

eventually be replaced. To insure that you are able to
maintain original operation, we recommend the purchase

of spares directly from Reliance. 

All bearings used in Reliance motors are subject to exact

specifications and tests necessary to satisfy performance

requirements. In this manner, it is possible to duplicate your

present bearing. Markings on the bearing do not indicate
complete specifications. 



PARTS IDENTIFICATION DRAWING

FIND

NO. 
PART DESCRIPTION

1 FRAME

2 STATOR

3 ROTOR

4 BACKEND BRACKET

5 FRONTEND BRACKET

6 SHAFT

7 BACKEND BALL BEARING

8 BACKEND INNER CAP

9 FRONTEND BALL BEARING

10 FRONTEND INNER CAP

11 WAVE WASHER, FRONTEND

12 FAN COVER

13 OUTER FAN

FIND

NO. 
PART DESCRIPTION

14 FRONT END BRACKET BOLTS

15 FAN COVER BOLTS

16 EYEBOLT

17 CONDUIT BOX

18 FAN CLAMP

19 GREASE ENTRY

20 CONDENSATION DRAIN

21 KEY

22 SLINGER

23 BACKEND CAP BOLTS
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Environmental Resources Management 
206 East 9th Street, Suite 1700 

Austin, Texas  78701 
(512) 459-4700 

Ash Ponds – Drop Inlets & Culvert Sections & Details,  
Gibbons Creek S.E.S. Unit No. 1, Texas Municipal Power 

Agency, Drawing No. 15-C-236,  
Tippet & Gee, Inc.  

June 1, 1979, revised June 25, 1981. 
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Environmental Resources Management 
206 East 9th Street, Suite 1700 

Austin, Texas  78701 
(512) 459-4700 

FGD Area Plan, Concrete Paving Additions, Drawing No. 15-C-
215, Texas Municipal Power Agency,  

May 5, 1988, Last Revised November 17, 1989. 
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Environmental Resources Management 
206 East 9th Street, Suite 1700 

Austin, Texas  78701 
(512) 459-4700 

Sludge Pond, Gibbons Creek S.E.S. Unit No. 1, Texas 
Municipal Power Agency, Drawing No. 11-C-019.3, Texas 

Municipal Power Agency,  
February 15, 2000. 





 

Environmental Resources Management 
206 East 9th Street, Suite 1700 

Austin, Texas  78701 
(512) 459-4700 

Scrubber Refurbishment Project 19-C-264, Dewatering Area 
Paving, Drawing No 19-C-254, URS,  
April 2, 2009, Revised June 1, 2011. 

 





 

Environmental Resources Management 
206 East 9th Street, Suite 1700 

Austin, Texas  78701 
(512) 459-4700 

TMPA Water Balance Diagram, ERM Drawing No 10-C-301, 
September 24, 2010, Revised by Texas Municipal  

Power Agency, 
 August 15, 2013. 

 
 



OUTFALL 001

BOILER

NOTES:

A.  ALL FLOWS ARE IN THOUSAND GALLONS PER DAY.

B.  STORMWATER RUNOFF FLOWS ARE BASED ON

HISTORICAL RAINFALL AVERAGE FOR COLLEGE STATION,

TEXAS (APPROXIMATELY 1978 TO 2009).

C.  STORMWATER RUNOFF FLOWS OFFSITE IS COVERED BY

GENERAL PERMIT.

D. STREAMS B, C, D, E AND F ARE ESTIMATED BASED ON

PRESSURE MEASUREMENTS TAKEN AT THE INTAKE LINE

TO THE PUMP.  FLOWS REPRESENT MAXIMUM

POTENTIAL USAGE.  ACTUAL FLOWS VARY BASED ON

PROCESS NEEDS.

E.  OUTFALL 003 IS NOT ACTIVE, AND IS NOT SHOWN ON

THIS WATER BALANCE.

F.  THE SUM OF FIRE PROTECTION SYSTEM WATER (XX),

SERVICE AND YARD IRRIGATION SYSTEM WATER (MM),

COAL DUST SUPPRESSION WATER (P), AND

EVAPORATIVE LOSSES EQUAL 4 MGD PER AVAILABLE

TMPA PROCESS KNOWLEDGE.  RECORDS ARE NOT

AVAILABLE TO QUANTIFY FLOWS FOR THESE SERVICES.

G. NOT UTILIZED EXCEPT IN THE EVENT OF SEASONABLY

HEAVY RAIN EVENTS.

H.  SWS ONLY INCLUDED FOR DISCHARGE OF BWCP

COOLERS INTO ACW RETURN SYSTEM.

LEGEND

EVAPORATION

NOT CURRENTLY ACTIVE

STREAM

ANNUAL AVERAGE FLOW

WATER STREAM

LOW VOLUME WASTEWATER STREAM AS

DEFINED IN TMPA'S TPDES PERMIT NO.

02120, OTHER REQUIREMENTS SECTION

ONLY ACTIVE ON EMERGENCY BASIS

FORECAST RE-ACTIVATING APRIL 2011

PLANT AUXILIARY

NON-CONTACT

COOLING WATER

SYSTEM (ACW) & SWS

(SEE NOTE 'H')

PLANT CIRCULATING

COOLING WATER SYSTEM

(NON CONTACT)

HEAT

EXCHANGER

SAND BLAST AREA RUNOFF

(3.7 ACRES)

POWER ISLAND RUNOFF

(22.3 ACRES)

SUMP 23, 25 & 27

PLANT WASHDOWN

(FLOOR DRAINAGE)

ULTRAFILTRATION SYSTEM

ASH

PONDS

(25.0 ACRES)

DE-WATERING

BINS

BOTTOM ASH SLUICING /

TRANSPORT SYSTEMS

(FURNACE BOTTOM)

METAL CLEANING

(AIR PREHEATER WASH,

BOILER CLEANOUT, ETC.)

G
I
B

B
O

N
S

 
C

R
E

E
K

R
E

S
E

R
V

O
I
R

TREATED WATER

STORAGE TANK

MAKE-UP

DEMINERALIZER

PLANT COLLECTION

POND

(34.0 ACRES)

HH [546.0]

LL [72.0]

WATER CONSUMED IN ASH

SLUICING TRANSPORT

SERVICE WATER SYSTEM [SWS]

B
 
[
4
,
0
0
0
]

A [16,500]

RAIN WATER

42.7 INCHES/YEAR

(B)

I [90.0 MAX]

KK [0.0]

OUTFALL 201

W [188.0]

PURCHASED DRINKING

WATER / POTABLE WATER

SYSTEM

X [18.0]M [12.0]

COAL PILE STORAGE AND

HANDLING RUNOFF

(26.9 ACRES)

MAINTENANCE AREA RUNOFF

(8.6 ACRES)

L  [71.0]

K [85.0]

WATER LOST AS STEAM

BOILER BLOWDOWN

FF [60.0]

W   [127.0]

CWS

JJ [72.0]

WATER LOST IN

DEWATERING ASH

TO GIBBONS CREEK

RESERVOIR

TO CARLOS LAKE

IRRIGATION SYSTEM

WASTEWATER TO ASH PONDS

GG [2.0]

Y [152.5]

REVERSE OSMOSIS (RO)

NN  [38]

WASTEWATER

V [114.5]

DD [114]

BOILER MAKE-UP

EE [112]

O [159.0]

J [27.0]

COAL DUST

SUPPRESSION

P [SEE NOTE F]

SCRUBBER

SLUDGE POND

SITE A LANDFILL

(SAL)

G [54.0]

SURFACE RUNOFF SEE NOTE C

SITE F LANDFILL

(SFL)

H [13.0]

SURFACE RUNOFF SEE NOTE C

OTHER PLANT AREAS

SURFACE RUNOFF SEE NOTE D

SAL/SFL STORMWATER/LEACHATE

COLLECTION PONDS

(SAL PONDS 1-12, SFL POND 3)

OUTFALL 002

U [ 0.0]

EMERGENCY SPILLWAY

OUTFALL 101

OUTFALL 004

SEWAGE TREATMENT

CC [2.0]

N [6]

D [12,500]

C [12,500]

[412,000]

PERMEATE

TANK

00 [114]

FIRE PROTECTION

SYSTEM

TRANSPORT SYSTEM

STORMWATER/ LEACHATE

(~1X/YR)

FLOW

INTERMITTENT

BASIS OF FLOW DATA

TPDES DISCHARGE MONITORING REPORTS

PROCESS KNOWLEDGE

RO UNIT/CLARIFIER OPERATING LOG

(2002-2003)

FLOW METER READING (2007-2009)

HYDROLOGIC EVALUATION OF LANDFILL

PERFORMANCE (HELP) MODEL

FLOW IS NEGLIGIBLE

ESTIMATED FLOW BASED ON INCOMING/

OUTGOING STREAM FLOWS

[332.0]

[NEG]

[11.0]

[59.0]

[4,000]

[54.0]

XX [SEE NOTE F]

[55.0]

X [18]

Z+NN [97.0]

GG [2]

S [SEE NOTE G]

FF+SS [204]

KK [0.0]

TO BOTTOM ASH

MM [SEE NOTE F]

SERVICE WATER AND YARD

LABORATORY AND

SAMPLING STREAMS

YY [NEG]

SODIUM HYPOCHLORITE

SODIUM BROMIDE

AMINE

INTERMITTENT FLOW (~1X/YR)

BLOWDOWN TO

ASH PONDS

Z [6.5]

RR [107.0]

PLANT COLLECTION POND AREA

RUNOFF/RAINFALL ACCUMULATION

ZZ [79.0]

ASH POND AREA

RUNOFF/RAINFALL

ACCUMULATION

Q [720]

SO

2

  SCRUBBER

PRIMARY

DEWATERING

SECONDARY

DEWATERING

REACTION

TANK

RECLAIM

TANK

F [400,000]

E [400,000]

GYPSUM PILE STACK

OUT RUNOFF

(1.4 ACRES)

SUMP 60

ZZ [5.0]

FERRIC CHLORIDE

ORGANO SULFIDE

CAUSTIC

FLOCCULANT

SCRUBBER

PURGE

TREATMENT

SYSTEM

SS [144]

QQ [1.6]

RINSE WASTEWATER

DRAWING NO.

REVABN NO.

TEXAS MUNICIPAL POWER AGENCY
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BRYAN~DENTON~GARLAND~GREENVILLE
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Environmental Resources Management 
206 East 9th Street, Suite 1700 

Austin, Texas  78701 
(512) 459-4700 

NWS 1978 - Hydrometeorological Report No. 51,   
Probable Maximum Precipitation Estimates,   

United States East of the 105th Meridian,   
National Oceanic and Atmospheric Administration, June 1978. 

 



HYDROMETEOROLOGICAL REPORT NO. 51 

Probable Maximum Precipitation Estimates, United States 

East of the l05th Meridian 

U.S. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

U.S. DEPARTMENT OF THE ARMY 
CORPS OF ENGINEERS 

Wwhmgton, DC 
June 1978 
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Max1.mum pOSSlble preclpltat;~.on over "' Oh1.0 R1.ver Bas1.n above P1ttsburgh, Pa 1942 
~lroamum posSl.ble precJ.pltBtJ.on over <h< Sacramento Bas1.n of CalJ.fornJ.a 1943 
~laxJ.mum poss1.ble preclpl.tati.on over "' Panama Canal Bas1.n 1943 
Thunderstorm ra1.nfall 1947 
A prel1m1nary report on the probable occurrence of excess1.ve preclpJ.tatJ.on over Fort Supply Bas1.n, 

Okla 19.38 
Worst probable meteorologlcal condltl.Dn on ~1111 Cree~, Butler and Ham1lton Count1.es, Oh1.0 1937 

(Unpubl1.shed ) Supplement, 1938 
A hydrometeorolog1cal analys1s of poss1ble max1mum prec1p1tat1on over St Franc1s R1ver Bas1n above 

Wappapello, Mo 1938 
A report on the poss1ble occurrence of ma:umwn prec1p1tat1on over Whne R1ver BaSln above Mud Moun

ta1n Dam S1te, Wash 1939 
Max1mum poss1ble runfall over the Arkansas R1ver Bas1n above Caddoa, Colo 1939 Supplement, 1939 
A prel1m1nary report on the max1mum poss1ble prec1p1tat1on over the Dorena, Cottage Grove, and Fern 

R1dge Bas1ns 1n the 1\'lllametl:e BaSln, Oreg 1939 
~!a:umwn poss1ble prec1p1tat1on over the Red RlVer Bas1n above Den1son, Tex 1939 
A report on the max1mum poss1ble prec1p1tat1011 over Cherry Creek Bas1n 111 Colorado 1940 
The frequency of flood-produc1ng ra1nfall over the Pa1aro R1ver Bas1n 1n Cal1forn1a 1940 
A report on depth-frequency relat1ons of thunderstorm ra1nfa11 on the Sev1er Bas1n, Utah 1941 
A pre11m1nary report on the max1mum poss1ble prec1p1tat1on over the Potomac and Rappahannock 

R1ver Bas1ns 1943 
~laull1um poss1ble prec1p1tat1011 over the Pecos Bas1n of New ~lex1co 1944 (Unpubllshed } 
Tentat1ve est1mates of max1mum poss1ble flood-produc1ng meteorolog1cal cond1t1ons 1n the Columb1a 

R1ver BaSln 1945 
Prel1m1nary report on depth-durat10n-frequency character1st1cs of prec1p1tat1on over the ~rusk1ngum 

Bas1n for 1- to 9-week per1ods 1945 
An est1mate of max1mum poss1ble flood-produc1ng meteorolog1cal cond1t1ons 1n the ~hssoun R1ver 

Bas1n above Garr1son Dam s1te 1945 
A hydrometeorolog1cal study of the Los Angeles area 1939 

Prel1m1nary report on max1mum poss1ble prec1pat1on, Los Angeles area, Cal1forn1a 1944 
Rev1sed report on max1mum poss1ble prec1p1tat1on, Los Angeles area, Cal1forn1a 1945 

An est1mate of max1mum poss1ble £1ood-produc1ng meteorolog1cal cond1t1ons 1n the M1ssour1 R1ver 
Bas1n between Garr1son and Fort Randall 1946 

General1zed est1mates of max1mum poss1ble prec1p1tat1on over the Un1ted States east of the lOSth 
mer1d1an, for areas of 10,200, and SOD square m1les 1947 

~lax1mum poss1ble prec1p1tat1on over the San Joaqu1n Bas1n, Cabforn1a 1947 
Representat1ve 12-hour dewpo1nts 1n maJOr Un1ted States storms east of the Cont1nental D1V1de 
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PROBABLE MAXIMUM PRECIPITATION ESTIMATES, UNITED STATES EAST 
OF THE 105TH MERIDIAN 

Louis c. Schreiner and John T. Riedel 
Office of Hydrology 

NOAA, National Weather Service, Silver Spring, Md. 

ABSTRACT. Generalized estimates of Probable Maximum Precip
itation, the greatest rainfall rates for specified durations 
theoretically possible, are presented for the United States 
east of the 105th meridian. They are all-season estimates, 
that is, the greatest for any time ol:year, for drainages 
from 10 to 20,000 mi2 (26 to 51,800 km2) for durations of 
6 to 72 hours. Details of the procedures and methods used 
for developing these estimates are described. 

1. INTRODUCTION 

1.1 Background 

Generalized charts setting the level of all-season Probable Maximum 
Precipitation (PMP) for drainages up to 1,000 mi2 (2,590 km2), covering 
the United States east of the 105th meridian, have been available since 
1947 (U.S. Weather Bureau 1947) and the seasonal variation since 1956 
(Riedel et al. 1956). These studies have been used extensively by the 
Corps of Engineers, other Federal agencies, State and local governments, 
private engineers and meteorologists. Because of increased interest 
in projects involving large drainages, it was found necessary to extend 
estimates to areas greater than 1,000 mi2 (2,590 km2). At the same time, 
it was necessary to revise the small area, less than 1,000 mi2 (2,590 km2) 
study in order to appropriately consider all important historical storms; 
for example, the Yankeetown, Fla. storm of September 3-7, 1950. The areal 
depths for this storm were not available when the 1956 study was prepared. 

1.2 Assignment 

Discussions concerning the need for the generalized PMP cQarts for large 
areas were held at a meeting with representatives of the Office of the 
Chief, Corps of Engineers, at Phoenix, Ariz., May 17-20, 1971. Authorization 
for the revision of the previous small-area study and coordination of the 
results with the extension to larger areas stemmed from a meeting with 
representatives of the Office of the Chief, Corps of Engineers at Silver 
Spring, Md., September 19, 1974. 
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1.3 Definition of PMP 

PMP is defined as "the theoretically greatest depth of precipitation 
for a given duration that is physically possible over a particular drainage 
area at a certain time of year," (American Meteorological Society 1959). 
In consideration of our limited knowledge of the complicated processes and 
interrelationships in storms, PMP values are identified as estimates. 

Another definition of PMP more operational in concept is "the steps followed 
by hydrometeorologists in arriving at the answers supplied to engineers for 
hydrological design purposes" (WMO 1973). This definition leads to answers 
deemed adequate by competent meteorologists and engineers and judged as meet
ing the requirements of a design criterion. 

1.4 Scope 

This study can be used to determine drainage average all-season PMP for 
any drainage from 10 to 20,000 mi2 (26 to 51,800 km2) in area for durations 
of 6 to 72 hours in the United States east of the 105th meridian. In north
ern portions of the region, all-season PMP may not yield the probable maximum 
flood. Critical spring soil conditions with snow on the ground, in combina
tion with spring season PMP values, may yield greater flood peaks. 

1.4.1 Generalized vs. Individual Drainage Estimates 

The PMP values of this study are termed generalized estimates. By this 
we mean isolines of PMP are given on a map allowing determination of average 
PMP for any drainage. 

Through the years, the Hydrometeorological Branch has determined PMP esti
mates for individual drainages. This was done: (a) if generalized PMP 
studies were not available, (b) for drainages larger in size than covered 
by available generalized PMP studies, or (c) for drainages such as in the 
Appalachians, where detailed studies indicated orographic effects would yield 
PMP estimates significantly different from those determined from available 
generalized PMP charts. Some of the more substantive studies have been pub
lished. The more recent ones cover drainages of the Red River of the North 
and Souris River (Riedel 1973), the Colorado and Minnesota Rivers (Riedel 
et al. 1969), the Tennessee River (Schwarz 1965, and Schwarz and Helfert 
1969) and the Susquehanna River (Goodyear and Riedel 1965). These and other 
unpublished individual drainage PMP estimates made by the Hydrometeorological 
Branch may take precedence over estimates obtained from generalized PMP 
studies of this report because the individual drainage studies take into 
account orographic features that are smoothed out in this study. On the 
other hand, due to passage of time, individual drainage studies will not 
necessarily include recent storm data and advances in meteorological concepts. 
It is not practical to evaluate all the individual drainage PMP estimates at 
this time. We suggest a decision be made on a case-by-case basis as .needed. 



1.4.2 Stippled Regions on PMP Maps 

The generalized PMP maps (figs. 18-47) are stippled in two regions, (a) 
the Appalachian Mountains extending from Georgia to Maine and (b) a strip 
between the 103rd and 105th meridian. This stippling outlines areas within 
which the generalized PMP estimates might be deficient because detailed 
terrain effects have not been evaluated. 
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In developing the maps of PMP, it was sometimes necessary to transpose 
storms to and from higher terrain. Determination of storm transposition 
limits (section 2.4.2) took into account topography homogeneity in a general 
sense, thereby avoiding major topographic considerations. However, regional 
analysis required definition across mountains such as the Appalachians. 
For such regions, the assumption was made that the reduced height of the 
column of moisture available for processing (se~ion 2.3.2) at higher eleva
tions is compensated by intensification from steeper terrain slopes. 

In contrast to the use of these simplifying assumptions, studies of PMP 
covering portions of the Western States (U.S. Weather Bureau 1961, 1966, 
and Hansen et al. 1977) and the Tennessee River drainage (Schwarz and Helfert 
1969) do take into account detailed terrain effects. A laminar flow orographic 
precipitation computation model, useful in some regions where cool-season 
precipitation is of greatest concern, gives detailed definition for some 
of the Western States. For the Tennessee River drainage, nonorographic PMP 
was adjusted for terrain effects by consideration of numerous different rain
fall criteria, taking into account meteorological aspects of critical storms 
of record. 

We expect future studies of the Hydrometeorological Branch ~ill involve 
detailed generalized studies covering the stippled regions. Until these 
studies are completed, we suggest that major projects within the stippled 
regions be considered on a case-by-case basis as the need arises. 

1.5 Application of Drainage PMP Values 

The results of this study are drainage average PMP depths for the designated 
durations (6 to 72 hours) without specifying a time sequence for occurrence 
of 6-hr incremental PMP values. A companion report (Hansen and Schreiner) 
to this study covers methods for spatially distributing the most important 
6-hr PMP increments. It also gives meteorological reasonable time sequences 
of the 6-hr PMP increments from the beginning of the PMP storm. Additionally, 
shape and orientation· of isohyetal patterns are discussed. 

2. APPROACH TO GENERALIZED PMP 

2.1 Introduction 

The basic approach used in developing PMP estimates has been described 
in numerous publications (WMO 1973, Wiesner 1970, WMO 1969a, Paulhus and 
Gilman 1953, and U.Se Weather Bureau 1960). The first reference contains 
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the most comprehensive discussiono For nonorographic regions, the approach 
may be briefly summarized by three operations on observed areal storm precip
itation: moisture maximization, transposition, and envelopment. 

Moisture maximization consists of increasing the storm precipitation to 
a value that is consistent with the maximum moisture in the atmosphere for 
the storm location and month of occurrence. 

Transposition means relocating storm precipitation within a region that 
is homogeneous relative to terrain and meteorological features important 
to the particular storm rainfall. Transposition greatly increases the avail
able data for evaluating the rainfall potential for a drainage. 

Envelopment is smoothly interpolating between the maxima from a group of 
values for different durations and/or areas. Such smooth enveloping curves 
in many cases may give greater values for some durations or area sizes than 
obtained from only moisture maximization and transposition. In addition, 
envelopment over a region entails smooth geographic variation of moisture 
maximized and transposed rainfall values obtained from numerous storms. 
Such smoothing compensates for the random occurrence of large rainfalls, 
in that a drainage may not have experienced equally efficient precipitation 
mechanisms for all pertinent durations and sizes of areas. Envelopment also 
gives regionally consistent mapped values; unless differences can be explained 
meteorologically or topographically, anomalies should be avoided. Methods 
of envelopment applied in this report are explained in section 3. 

2.2 Basic Data 

2.2.1 Sources 

The basic data for this study are maximum observed areal precipitation 
depths for various durations. These data are developed by a standardized 
depth-area-duration (D-A-D) analysis of point precipitation amounts. The 
procedure used for D-A-D analysis can be found in several publications (WMO 
1969b and U.S. Weather Bureau 1946). 

For the United States, over 500 storms have been so analyzed, and the 
pertinent data, that is, the maximum areal depths, have been published (Corps 
of Engineers, u.s. Army 1945-). Canada has made similar analysis for over 
400 storms (Atmospheric Environment Service 1961-). Some of the Canadian 
storms were useful in the present study. Storm rainfalls from these sources 
were augmented by unofficial storm D-A-D values developed by the Hydro
meteorological Branch or found in the literature (Shipe and Riedel 1976)o 

The appendix chronologically lists observed rainfall depths for the 
important storms of this study. These were most influential in setting the 
level of PMP for at least one combination of area size and duration. Figure 
1 shows the locations of these storms along with other storms discussed in 
the text. Storms mentioned in the text, listed in the appendix, or shown 
in various figures are identified by a storm index number. In the text, 
this number is in parenthesis following reference to the storm. For storms 



Storm 
Index 
No. 
-1-

11 
13 
14 
16 
17 
20 
22 
26 
29 
31 
33 
36 
37 
38 
42 
44 
47 
49 
50 
51 
53 
54 
55 
56 
57 
59 
65 
67 
68 
69 
71 
74 
76 
77 
78 
eo 
82 
as 
86 
87 
sa 
90 
91 
93 
96 
97 
99 

100 

Storm 
Assignment 

No. 
~ 
SA 1-1 
MR 4-3 
UMV 1-2 
NA 1-7B 
GM 3-4 
LMV 2-5 
GL 4-9 
GL 2-12 
UMV 2-5 
MR 5-13 
GM 3-14 
sw 1-11 
UMV 1-llA 
LMV 3-19 
GL 2-16 
SA 2-9 
GM 5-158 
MR 4-21 
GM 4-12 
MR 4-23 
MR 4-24 
NA 1-17 
LMV 2-20 
GM 5-1 
NA 1-20A 
NA 1-20B 
sw 2-11 
LMV 4-21 
MR 3-28A 

- -
GM 5-20 
NA 1-27 

- -
MR 4-5 
NA 2-4 
sw 2-18 
UMV 1-22 
OR 9-23 
SA 1-28A 
sw 2-20 
MR 6-15 
MR 7-2B 

- -
SA 5-8 
MR 10-2 
MR 10-8 
sw 3-22 
QNT 10-54 
NA 2-22A 
QUE 8-57 
sw 3-23 
sw 3-24 
NA 2-23 
NA 2-24A 

Date 
9/10-13/1878 
5/30-6/1/1889 
6/4-7/1896 
7/18-22/1897 
7/26-29/1897 
6/27-7/1/1899 
4/15-18/1900 
10/7-11/1903 
6/3-8/1905 
6/9-10/1905 
6/6-8/1906 
8/4-6/1906 
10/19-24/1908 
7/18-23/1909 
3/24-28/1914 
8/31-9/1/1914 
7/13-17/1916 
9/15-17/1919 
6/17-21/1921 
9/8-10/1921 
9/27-10/1/1923 
9/17-19/1926 
11/2-4/1927 
3/11-16/1929 
6/30-7/2/1932 
9/16-17/1932 
9/16-17/1932 
4/3-4/1934 
5/16-20/1935 
5/30-31/1935 
5/30-31/1935 
5/31/1935 
7/6-10/1935 
6/19-20/1939 
6/3-4/1940 
9/1/1940 
9/2-6/1940 
8/28-31/1941 
7/17-18/1942 
10/11-17/1942 
5/6-12/1943 
6/10-13/1944 
8/12-16/1946 
6/23-24/1948 
9/3-7/1950 
7/9-13/1951 
6/7/1953 
6/23-28/1954 
10/14-15/1954 
8/17-20/1955 
8/3-4/1957 
6/13-20/1965 
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shown in figures or listed in the appendix, a storm assignment number is 
also given. This number is either assigned by the Corps of Engineers (for 
u.s. storms) or the Atmospheric Environment Service (for Canadian storms). 
Those storms without a storm assignment number refer to unofficial rainfall 
data accumulated by the Hydrometeorological Branch. 

2.2.2 Variation in Rainfall Data with Duration and Area Size 

Table 1 shows the number of United States storms east of the 105th meridian, 
for which areal rainfall depths have been analyzed for listed area sizes 
and durations. 

TabZe 1.--NumbeP of analyzed storms east of the 105th meridian~ with aPeaZ 
PainfaZZ depths foP indiaated aPea sizes and durations. 

Area Duration (hr) 
.2 (km2) 6 12 24 48 72 m~ 

10 (26) 496 482 456 356 187 
200 (518) 521 508 483 376 201 

1,000 (2,590) 567 555 533 419 234 
5,000 (12,950) 528 526 517 417 262 

10,000 (25,900) 489 489 486 406 263 
20,000 (51,800) 396 396 396 351 242 

One would expect a decrease in basic data with increasing area size and 
increasing duration. With respect to duration, it is easy to show that 
the storms that last 6 or 12 hours are much more numerous than storms that 
last beyond 12 hours. Similarly, we know that many storms cover only a 
small area, e.g., summer thunderstorms. 

There are several reasons why table 1 does not fully show this variation. 
There has been more need for maximum precipitation criteria over small areas, 
i.e., drainages less than 1,000 mi2 (2,590 km2); therefore, analysis of storms 
covering these areas has been emphasized. In the construction of table 1, 
a storm was not counted if the rainfall ceased to increase with increasing 
duration. Often for large-area storms, the small-area precipitation is con
centrated in a shorter duration than the total storm period. This permits 
more values to be listed for large areas and long durations. 

Another reason for the variation shown in table is that a special effort 
was made to augment basic data for areas of 1,000 mi2 (2,590 km2) and larger, 
particularly in regions with few analyzed storms. In the effort to obtain 
additional storm data, short-cut procedures were used, such as using only 
recording raingages for determining the time variation of rainfall. If re
cording raingages are well spaced, the results are quite similar to those 
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obtained by standard procedures (WMO 1969b and U.S. Weather Bureau 1946). 
A few of these additional storms were important in setting the general level 
of PMP. 

2.2.3 Point Rainfall vs. 10-mi2 (26-km2 ) Average Rainfall 

This study estimates PMP for drainage sizes down to 10 mi2 (26 km2). The 
basic data (Corps of Engineers, u.s. Army 1945-) often use point rainfall 
as 10-mi2 (26-km2) rainfall in D-A-D analyseso This is done in order to 
at least partially compensate for the slim chance of "catching" the most 
intense rainfall in any storm. The question may then be raised as to whether 
PMP for areas less than 10 mi2 (26 km2) would be greater than the 1D-mi2 
(26-km2) values of this report. This is answered by the fact that with few 
exceptions the critical values establishing the PMP magnitude for 10 mi2 
came from 10-mi2 (26-km2) average rainfalls rather than single station amounts. 
This indicates that PMP for areas smaller than 10 mi2 (26 km2) would be 
greater than the 10-mi2 (26-km2) values in this report. 

2.3 Moisture Maximization 

2.3.1 Definition - Concept 

Moisture maximization refers to the process of increasing storm rainfall 
depths for the storm location and season, for higher atmospheric moisture 
than was available in the actual storm. 

Significant precipitation results from lifting moist air. Processes 
causing this lifting, associated with horizontal convergence, have been de
scribed in numerous texts. Various attempts at developing a model that will 
reproduce extreme rainfalls are hampered by the lack of sufficient data within 
storms to adequately check the magnitudes of horizontal convergence, vertical 
motion, and other parameters. Since measurements of these parameters during 
severe storms are not readily obtainable, the solution has been to use extreme 
record storm rainfalls as an indirect measure of parameters, other than moist
ure, that are important to such eventso 

We thus adjust storms of record to the equivalent of what would have 
occurred with maximum moisture and make the following assumption: The sample 
of _extreme storms is sufficiently large so that near optimum "mechanism" 
(or efficiency) has occurred. By "mechanism" is meant a combined measure 
of all the important parameters-to rainfall production, except moisture. 
The assumption thus circumvents a quantitative evaluation of "mechanism" 
and results in increasing storm rainfall occurring-with assumed near optimum 
"mechanism" by an adjustment for maximum moisture. 

In our use of the term mechanism, we do not include lifting by terrain. 
For PMP studies in the Western States, augmentation or depletion by terrain 
is taken in account (u.s. Weather Bureau 1966~ and Hansen et al. 1977). 
Over most of the region of the present study the terrain effect is small. 
Sections 1.4.2 and 2.4.5 discuss how the more important terrain features 
were considered. 
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2.3.2 Atmospheric Moisture 

The best measure of atmospheric moisture can be obtained from radiosonde 
observations. Soundings, giving the variation of moisture with height, are 
available for about 100 stations in the United States for 20 years. However, 
radiosonde data alone cannot be used for several reasons. First, many extreme 
storms occurred before the radiosonde network was established. Second, the 
radiosonde network is much too sparse to detect narrow tongues of moisture 
(Schwarz 1967) that are important to many storms. The solution is to use 
surface dew points, which are observed at many stations, as indices to 
atmospheric moisture. A saturated pseud~adiabatic atmosphere is assumed, 
tied to surface dew points, which fixes the moisture and its distribution 
with height in the atmosphere. Tests have shown that the moisture thus 
computed is an adequate approximation to atmospheric moisture in major storms 
or for high dew point situations (Miller 1963). 

Two dew points are required for moisture maximization. One is the dew 
point representative of moisture inflow during the storm. The other is the 
maximum dew point for the same location and time of year as the storm. Both 
storm and maximum dew points are reduced pseudo-adiabatically-to 1000mb 
(100 kPa) in order to normalize for differences in station elevations. 

The measure of atmospheric moisture used is precipitable water (wp). This 
is the depth of water vapor condensed into liquid in a column of air of unit 
cross section. For a saturated pseudo-adiabatic atmosphere, tables have 
been prepared (U.S. Weather Bureau 1951) giving wp values based on 1000-mb 
(100-kPa) dew points. 

Both storm and maximum dew points are usually taken as the highest value 
persisting for 12 hours. Instantaneous extreme dew point measurements may 
not be representative of inflow moisture over a significant time period. 
Also, taken over a duration, the effect of possible erroneous instantaneous 
dew point values is reduced. 

The depth of precipitable water to use for adjustments was considered (U.S. 
Weather Bureau 1947) in a convergence storm model. Formation of cumulus 
clouds suggested division of the model into 3 layers; the lower inflow layer, 
the center with vertical motion, and the upper or outflow layer. It was 
found that the moisture adjustment did not change appreciably when various 
different proportional heights were assumed for these 3 layers. It was also 
determined that the height of the model [whether 400 or 200 mb (40 or 20 
kPa)] did not materially change the moisture adjustment. ·Tests also indicated 
that the moisture adjustment is basically the same whether total wp or effec
tive Wp is used. The effective wp is the inflow layer Wp minus the dutflow 
layer wp• 

2o3.3 Representative Storm Dew Point 

Dew points are selected in the warm moist air flowing into the storm. Both 
distance and direction of the dew points from the rainfall center are record
ed. An average dew point value from several stations is considered to give 
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the best estimate. Care must be used to ensure that dew point observations 
are taken only within the moist tongue involved in the heavy precipitation 
(Schwarz 1967). The time sequence of dew points from each station is reduced 
to 1000 mb (100 kPa) before averaging. After averaging, the highest persisting 
12-hr value is selected. 

2.3.4 Maximum Dew Point 

Maximum dew points are generally the highest dew points observed for 
a given location and time of year. These dew points are based on seasonal 
and regional envelopes of maximum observed surface dew points that have 
persisted for 12 hours, reduced to 1000 mb (100 kPa) at many stations 
(Environmental Data Service 1968). 

We adjust the storm to the maximum dew point 15 days from the storm date 
into the warmer season except for cases accompanied by unusually cold air 
judged to be dynamically significant to the rainfalls. Moisture maximization 
adjustments are increased by up to 10 percent due to the 15-day transposition. 

2.3.5 Moisture Adjustment 

Moisture maximization is accomplished by multiplying observed rainfall 
by the moisture adjustment, which is the ratio of wp for the maximum 1000-
mb (100-kPa) 12-hr persisting dew point to the wp for the storm 1000-mb 
(100-kPa) 12-hr persisting dew point. This maximization expressed math
ematically is: 

w Maximum 
p X -L~-----Storm moisture-adjusted rainfall 

where P 

w p 

w p 

= observed rainfall 

= precipitable water. Maximum refers to enveloping 
highest observed wp and Storm refers to storm wp• 
(Both dew points are for the same location.) 

2.3.6 Elevation and Barrier Considerations 

Where there is a significant mountain barrier between the moisture source 
and rain location, or the rain occurs at a high elevation, a refinement 
to the moisture adjustment is usually applied. In such cases, mean elevation 
of the barrier ridge, or elevation of the rainfall rather than the 1000-
mb (100-kPa) surface, is used as the base of the column of moisture. Section 
2.4.5 discusses refinements to the moisture adjustment applied to large-
area storms transposed in the gentle upslope region. Section 1.4.2 discussed 
the extent of orographic considerations used in this study. The location 
of representative storm dew points (usually toward a coast and at lower 
elevations) and restrictions to storm transposition (section 2.4.2) generally 
eliminated the need for using elevations in the moisture adjustment. 
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2.4 Transposition 

2.4.1 Definition 

Transposition means relocating isohyetal patterns of storm precipitation 
within a region that is homogeneous relative to terrain and meteorological 
features important to the particular storm rainfall under concern. 

2.4.2 Transposition Limits 

Topography is one of the more important controls on limits to storm trans
position. If observed rainfall patterns show correspondence with underlying 
terrain features, or indicate triggering of rainfall by slopes, transposition 
should be limited to areas of similar terrain. Identification of broadscale 
meteorological features is important, e.g., surface and upper air high and 
low pressure centers that are associated with the storm, and how they inter
act to produce the rainfall. Also useful in determining transposition limits 
are storm isohyetal charts, weather maps, storm tracks and rainfalls of 
record for the type of storm under consideration, and topographic charts. 

The more important guidelines to storm transposition for this study were: 

a. Transposition was not permitted across the generalized Appalachian 
Mountain ridge. 

b. Tropical storm rainfall centers were not transposed farther away from 
nor closer to the coast without an additional adjustment (section 2.4.4). 

c. In regions of large elevation differences, transpositions were restrict
ed to a narrow elevation band (usually within 1000 ft (305 m) of the elevation 
of the storm center). 

d. Eastward limits to transposition of storms located in Central United 
States were the first major western upslopes of the Appalachians. 

e. Westward transposition limits of storms located in Central United States 
were related to elevation. This varied from storm-to-storm but in most cases 
the 3000- or 4000-ft (915- or 1220-m) contour. 

f. Southern limits to transposition were generally not defined since other 
storms located farther south usually provided higher rainfall values. 

g. Northward limits were not defined if they extended beyond the Canadian 
border (the limits of the study region). 



2.4.3 Transposition Adjustment 

The transposition adjustment applied to relocated rainfall values is the 
ratio of Wp for the maximum 12-hr persisting dew point for the transposed 
location to that of the storm in place. The maximum dew point is for the 
same distance and direction from the transposed location as the storm 
representative dew point is from the storm location (section 2.3.3). 

2.4.4 Distance-From-Coast Adjustment for Tropical Storm 
Rainfall 

11 

The general decrease in tropical storm rainfall with distance inland is 
well known. It is attributed to the difficulty of maintaining the same 
rainfall intensity as distance from the moisture source increases, and the 
deterioration of the tropical circulation with increasing distance inland. 
The usual transposition methods (section 2.4.3) provide little or no decrease 
in tropical storm rainfall when such storms are transposed farther inland. 
This is because the maximum 1000-mb (100-kPa) 12-hr persisting dew point 
charts (Environmental Data Service 1968) for the tropical storm season show 
little or no variation for up to approximately 550 mi (885 km) inland from 
the gulf coast. Therefore, an adjustment for distance from the coast was 
determined specifically for tropical storms when they were transposed inland. 

A study (Schwarz 1965) developed a relation showing the decrease in tropical 
rainfall with distance [coast to 300 n.mi. (556 km)] inland. The relation 
was based on both observed and moisture-maximized tropical rainfall data 
for several area sizes and durations. Figure 2 shows this variation along 
with its extension for distances farther inland (solid line). The extension 
used additional data of the same type as used by Schwarz. Another relation 
derived from the same type of data (Schoner 1968) is shown by the dashed 
line. We have adopted Schwarz's relation with the extension for use in the 
present study. It shows no decrease in rainfall for the first 50 n.mi. (93 
km) inland from the gulf coast, a smooth decrease to 80 percent at 205 n.mi. 
(380 km) inland, and 55 percent at 400 n.mi. (740 km) inland. 

We applied the adjustment for distance from the coast to tropical storm 
rainfall (all area sizes and durations) transposed within the region where 
the maximum persisting 12-hr 1000-mb (100-kPa) dew point temperature charts 
(Environmental Data Service 1968) indicate no variation. When transposing 
rainfalls nearer to the coast, the values are increased. In the same way, 
they are decreased when transposed farther inland. 

2.4.5 Large-Area Rainfall Adjustment in the Gentle Upslope 
Region 

This report did not apply an elevation adjustment when transposing storms 
within limited differences in elevation (section 2.3.6). However, in the 
gently rising terrain west of the Mississippi River to the generalized initial 
steep slopes in the western portion of the study region (fig. 3) patterns 
of tentative PMP were not consistent with patterns in the guidance material 
discussed in section 3.1. The guidance material indicated a greater decrease 
in areal rainfall toward the west in the gentle upslope region. 
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Storm Rainfall (Corps of Engineers, u.s. Army 1945-) in the gentle upslope 
region was analyzed regionally. In this analysis the data were'stratified 
and adjusted to eliminate variations due to distance from the moisture source 
and moisture availability in the record storms. The results showed a signifi
cant decrease toward the west in both the extremes of record and the averages 
of the three greatest values. Stratification of the rainfall by area size 
showed a decided trend toward greater decrease for large-area rainfall than 
for small. 

The greater decrease for large-area rainfall can be the result of several 
factors. For small areas, a narrow band of inflowing moisture from the Gulf 
of Mexico can be important to extreme rainfalls. The intense center of the 
June 14-17, 1965 storm (No. 96) was associated with such a moisture band 
(Schwarz 1967). For larger areas, the broader and more persistent moisture 
bands are much more difficult to maintain, particularly into higher elevations 
of the gentle upslope region. ·Another factor of.importance is the scattering 
of small hills and ridges throughout the region. These stimulate local rain
falls that are important to small-area storms. The decrease in available 
moisture with increasing elevation in the gentle upslope region is thus more 
important for large-area rainfalls. 

With the evidence from rainfall data of various kinds and meteorological 
analyses within the gentle upslope region, we decreased large-area rainfalls 
when transposing to higher elevations and increased them when transposing 
to lower elevations. Storm depths for 1,000 mi2 (2,590 km2) or less were 
not adjustedg 

The adjustment is based on the variation in precipitable water with height 
in the atmosphere for the maximum 12-hr persisting dew point in the storm 
location and in the transposed location. The adjustment ranges between 6 
and 10 percent per 1,000 ft (305 m) change in elevation, depending on the 
elevation of the storm and the maximum dew point. This adjustment was applied 
to rainfall for all area sizes greater than 1,000 mi2 (2,590 km2). Any dis
continuity introduced in PMP at 1,000 mi2 (2,590 km2) was eliminated by the 
various consistency checks (see section 3.3). 

There are a number of major large-area storms in the gentle upslope region 
with limits of transposition east of the Mississippi River - beyond the 
boundaries of the gentle upslope region. In calculating the adjusted rainfall 
for the eastward transposition of these storms, the adjustment for gentle 
upslope was not applied. In all such cases the small change in elevation 
would have altered the total storm adjustment by less than 4 percent. 

2o4.6 Example of Storm Adjustments 

The rainfall of the May 6-12, 1943 storm (No. 77), centered at Warner, 
Okla., is used to demonstrate computation of storm adjustments. 

The representative storm dew point (section 2.3.3) is located 225 mi 
(362 km) south-southeast of the rain center. Figure 4 depicts the areas 
enclosed by the 3- and 9-in. (76- and 229-mm) isohyets, the storm's 
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transposition limits (dashed lines), and the location of the representative 
storm dew point. As with all major storms, the adjusted rainfall was com
puted when transposed to the most distance points, in this case A, B, C, 
and D. Table 2 lists required data and computations necessary for calculating 
the moisture maximization and transposition adjustments. Table 3 lists addi
tional data and computations for the gentle upslope adjustment. 

In our example, we will compute the 
mi2 (51,800 km2) and a duration of 24 
place) and for points A, B, C, and D. 
depth is 6.1 in. (155 mm). 

adjusted storm rainfall for 20,000 
hours where the storm occurred (in 

From the appendix, the observed storm 

The first step is to find the maximum 1000-mb (100-kPa) 12-hr persisting 
dew point (section 2.3.4) at the given distance and direction from each 
location (in place, A, B, C, and D). The storm dew point occurred on the 
lOth of May. Introducing the 15-day transposition into the warm season 
(section 2.3.4), the maximum 1000-mb (100-kPa) 12-hr persisting dew points 
(Environmental Data Service 1968) for May 25 are 77, 75, 73, 78, and 76°F 
(25.0, 23.9, 22.8, 25.6 and 24.4°C), respectively, for the storm in place 
and for the points A, B, C, and D (table 2, col. 1). The corresponding pre
cipitable water (wp) values up to 200 mb (20 kPa) (U.S. Weather Bureau 1951) 
are shown in table 2, col. 2. 

The second step is to compute adjustment factors for maximum moisture and 
transposition (table 2, col. 3a and b). The product of these factors, all 
that is required for most storms, is shown in table 2, col. 4. 

The next step is to consider adjustment for gentle upslope (section 
2.4.5). Two of the transposed locations-- A and D--are in this region. 
From a generalized topographic map, the elevation of the rainfall center 
and that of location Dare approximately the same (table 3, col. 2); thus, 
no further adjustment is required for D. Location A is 1,000 ft (305 m) 
higher than the storm center in place. The increased elevation at A gives 
a downward adjustment of 8 percent per 1,000 ft (305 m) accounting for the 
loss of available wp between 1,000 and 2,000 ft (305 and 610 m) for this 
maximum Wp• The total storm adjustment for location A is the product of 
the adjustment factor (col. 1) and gentle upslope factor (col. 3) shown in 
table 3. Multiplication of the appropriate factors by the storm's observed 
depth results in the adjusted depths shown in table 3, col. 4. 

Were this a tropical storm then an alternate to the dew point transposition 
adjustment may apply. The alternate, an adjustment for distance-from-coast 
is described in section 2.4.4. 

3. DETAILS OF ANALYSIS 

3.1 Minimum Envelopes 

All available storm rainfall values that could possibly give highest or 
near highest values were adjusted and transposed. A total of 30 maps were 
then prepared showing these highest values, either from adjusted storms in 



Table 2.--ExampZe of computations of moisture ma:dmization and transposition adjustments. [ Wa:r>ner, 
Okla. sto~, May 6-12, 1943 (51,800 km2) 24 hours] 

(1) (2) (3) (4) 

w p 
1000 mb (100 kPa) Max. moist. and 

Maximum to Adjustments trans. adjust-
dew point 200 mb (20 kPa) (a) (b) ment factor 

Location OF (oC) in. (mm.) (moisture max.) (transposition) (col. 3a x col. 3b) 

w (max.) 3.191 in place 77 (25. O) 3.191 (81. 05) E = 1.41 w (stormt) 2.268 -----
p 

w (max.) 3.191 wp (max.A) - 2.896 
A* 75 (23.9) 2.896 (73.56) p = 1.28 w (storm) 2.268 w (max.) 3.191 p p 

w (max.) 3.191 wE (max.B) = 2.626 
B 73 (22.8) 2.626 (66.70) E = 1.16 w (storm) 2.268 w (max.) 3.191 p p 

w (max.) 3.191 wE (max.C) = 3.349 c 78 (25. 6) 3.349 (85.06) E = 1.48 w (storm) 2.268 w (max.) 3.191 p p 

w (max.) 3.191 wE (max.D) = 3.041 
D 76 (24.4) 3.041 (77.24) 

p . = 1.34 w (storm) 2.268 w (max.) 3.191 p p 

* Points to which storm was transposed (see fig. 4). 

t Storm dew point is 70°F (2l.l°C); w = 2.268 in. (57.61 mm). p 

.... 

...... 



Tab~e 3.--Examp~e of tota~ storm adjustments. [Warner, Okw., storm, May 6-12, 1943 for 20,000 mi2 
(51, BOO kJn2) 24 hours] 

(1) (2) (3) (4) 
Adjustment factor 

Adjusted 20,000 mi2 (for moisture max-
imization and trans- Elevation in gentle Gentle upslope (51,800 km2) 24-hr 
position, from upslope region adjustment deptht 

Location table 2, col. 4) ft (m) factor in. (mm) 

in place 1.41 1,000 (305) none 8.6 (218) 

A 1.28 2,000 (610) 0.92 7.2 (183) 

B/1 1.16 - -- 7.1 (180) 

Cfl 1.48 - -- 9.0 (229) 

D 1.34 1,000 (305) none 8.2 (208) 

t Observed depth for 20,000 mi2 (51,800 km2) and 24 hours= 6.1 in. (155 mm). 

II Beyond gentle upslope region. 

~ 
co 
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place or transposed to their outer limits, for 10, 200, l,OOOl 5,000, 10,000, 
and 20,000 mi2 (26, 518, 2,590, 12,950, 25,900, and 51,800 km4) for durations 
of 6, 12, 24, 48, and 72 hours. 

Less detailed maps and analyses were prepared for 50,000-mi2 (129,500-km2) 
areas to incorporate the influence of possible extreme values for this area 
size on areas< 20,000 mi2 (51,800 km2). Similarly, rainfall values out 
to 96 hours were considered to take into account the effects of these extremes 
on rainfalls for durations of ~ 72 hours. 

Smooth minimum enveloping isohyets were drawn to the data on each map. 
These envelopes introduced some regional smoothing. Guidance in determining 
the general shape and gradients of the analysis came from evaluating numerous 
other kinds of rainfall data, as follows: 

a. Regional patterns of storms plotted in place. For selected areas 
and durations covered by this report, two sets of maps were developed showing 
the smooth envelopment of highest areal rainfalls where they occurred. One 
set was based on observed values and the other on moisture maximized values. 
Without storm transposition, these maps come close to representing regional 
variations and gradients of actual storms. The magnitude of PMP must still 
be determined after storm transposition. 

Figures 5 and 6 are examples of data and analyses of observed and 
moisture maximized rainfall respectively for 10,000-mi2 (25,900-km2) areas 
for 24-hr duration. Storms are identified in tables on both figures. (Many 
of these storms do not appear in the appendix since transposition of storms 
give far greater depths.) Figure 5 shows a steep rainfall gradient in central 
Texas. A similar gradient was maintained in the final productu The trend 
for higher moisture maximized values (fig. 6) in the Northern Plains States 
relative to values to the east and west was also maintained in the PMPo 

b. Greatest monthly precipitationu Useful guid~nce, especially appropri
ate for the larger areas and longer durations, came from a map showing the 
one greatest average monthly rainfall of record for the period 1931-60 for 
each State climatic division (U.So Weather Bureau 1963). These averages are 
the average of station precipitation within each division for each month 
of record. The highest of the 360 averages for each division were plotted 
on a map and analyzed. The data, rounded to the nearest inch for convenience, 
and the analysis are shown in figure 7. 

The smooth analysis takes into account moisture sources and does not 
allow extreme variation in gradients. The orographically increased 12-in. 
(305-mm) rainfall for the Black Hills, South Dakota area has been undercuto 
Some noteworthy features of the map are: 

1. Some of the greatest depths along the east slopes of the Appalach
ians are approximately of the same magnitude as those along the Atlantic 
coast. 
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Figure ?.--Envelopment of greatest average monthly preaipitation (in.) for State alimatia divisions 
(1931-60). 

N 
N 



2. Lower values south of Lake Erie extend southward along the west 
slopes of the Appalachians. 

3. Highest rainfall values are found in the lower Mississippi River 
Valley. 

4. There is a decrease approaching the Continental Divide. 

5. There is little difference in values along the entire east coast. 

There are some limitations to these mapped greatest monthly values 
as guidance to regional variation of PMP. The size of the State climatic 
divisions varies from about 500 to 36,000 mi2 (1,295 to 93,200 km2), 
averaging approximately 10,000 mi2 (25,900 km2). All other factors being 
equal, such as storm centering, etc., the larger the division, the lower 
the rainfall depth. Additionally, monthly totals may not be representative 
of 3-day totals. 

c. Greatest weekly rainfall. Another guide to regional patterns of 
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PMP, similar to the greatest monthly rainfall averages, is the greatest 
weekly rainfall averages for climatic divisions. These averages were extract
ed from tabulation of the average precipitation over each division for each 
week of the period 1906-35 (MCDonald 1944). Similar weekly averages are 
not readily available for recent years. The climatic divisions for this 
data set are different from those showing monthly preci~itation. The weekly 
climatic divisions vary in size from 5,000 to 65,000 mi (12,950 to 168,300 
km2) averaging about 20,000 mi2 (51,800 km2). 

Figure 8 shows these highest average rainfalls for each climatic divi
sion. As in the monthly analysis, rainfall for the division including the 
Black Hills has been undercut. The enveloping lines have many of the same 
features as the highest monthly precipitation map: A trough of low values 
in the Great Lakes region, isolines oriented north-south near the Continental 
Divide, and a region of higher values extending into the Northern Plains. 
Maximum depths occur along the gulf coast in the states of Mississippi, Ala
bama, and Florida. The large areas and long durations detract from use of 
these data but to a lesser degree than the monthly data. 

d. Maximum 1-day station rainfall. Another guide to regional PMP isohyets, 
especially useful for the small areas and short durations, is from maximum 
1-day station rainfalls of record (Jennings 1952). These have been updated 
through 1970. Figure 9 shows the highest recorded station value for each 
State climatic division. The shape of enveloping lines drawn to these data 
(fig. 9) gave clues to the location of tight or loose rainfall gradients. 
Some features of note: An extension or bulge to the northwest into Montana, 
a dip in the Great Lakes region relative to values to the east and west, 
and similar magnitudes in the envelopment along the coast from southern Texas 
through Florida. 
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Another map (not shown) was developed of maximum observed 24-hr station 
rainfall amounts (Corps of Engineers, u.s. Army 1945-). These data include 
supplementary rainfall data from surveys after major storms that are often 
several times greater than amounts measured at nearest regular reporting 
stations. The general shape and gradients of isohyets for that map were 
not greatly different from those shown on figure 9, with the exception that 
the enveloping isohyets near the eastern seaboard paralleled the coast. 

e. Maximum persisting dew points. Regional distribution of maximum 
persisting 12-hr dew points (Environmental Data Service 1968) is an important 
index to rainfall potential. Use of these charts (not shown) for storm trans
position already to some extent incorporates their variation. Many of the 
features of the dew point charts can be seen in the resulting PMP maps. 
Examples are the east-west gradients in values near the western boundary 
of the study area, higher values bulging towards the northwest into the North
ern Plains, southwest-northeast orientation of·isolines along the Atlantic 
coast, and a dip or lowering of values near the Great Lakes. 

f. Station 100-yr precipitation. Maps of station 100-yr 24-hr precipita
tion (Hershfield 1961) and 100-yr 48-hr precipitation (Miller 1964) were 
inspected for useful clues to the regional variation for small area rainfall. 
Frequencies are perhaps better than maximum 1-day rainfalls in that differ
ences due to varying lengths of record from station to station are normalized. 
High 100-yr return-period precipitation centers show up along the Appalach
ians. Other features of the frequency map are isolines paralleling the Gulf 
of Mexico and Atlantic coasts, almost north-south orientation of isolines 
near the eastern slopes of the Continental Divide, and lower values in the 
Great Lakes region as compared to those to the east and west. 

g. Regional patterns of other indices. Because thunderstorms, hail, and 
tornadoes are often associated with major rainfalls; patterns of the occur
rences of these phenomena can serve as indices to regional variation of PMP. 
Regional distributions of these weather phenomena (u.s. Weather Bureau 1969) 
show several important features, such as maximum occurrence in Oklahoma, 
a moderately reduced occurrence along the northern Appalachians, and lines 
of equal occurrences generally parallel to the Rio Grande in Texas. Regional 
patterns of cloud heights as determined from radar echoes east of the Con
tinental Divide for the period 1962-67 (Grantham and Kantor 1968) support 
isolines generally parallel to the Continental Divide. 

Using these indices, a regionally smooth set of minimum envelopes were 
drawn to the adjusted rainfall data. Figure 10 is an example for 24 hours 
10,000 mi2 (25,900 km2). Values shown, identified by storm index numbers, 
are moisture maximized rainfall depths in place or at their critical trans
posed locationse 

3.2 Special Problems 

3.2.1 Introduction 

The analyses of minimum envelopes necessarily required some departures 
to seemingly objective procedures discussed in previous sections. Such 
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departures were necessary to avoid undue emphasis and/or reliance on 
individual storm values obtained by storm transposition and storm adjustment. 
These departures involved decisions on "how far" (with respect to transposi
tion) and "how much" (with respect to maximization) that can only be answered 
by storm experience and meteorological judgment. The most outstanding de
partures from the objective procedures are explained in this section. 

3.2.2 Adjustments Greater Than 50 Percent 

The relations among various meteorological parameters that contribute to 
heavy rainfalls are not yet fully understood nor measured. 

Extreme increases in one parameter, say moisture, could well counteract 
other important factors; therefore, total storm adjustments that increased 
rainfalls by more than 50 percent were given further attention. If a storm 
had an adjustment giving an increase greater than 50 percent, but its 
adjusted depth was supported quite closely by surrounding storm depths with 
only moderate adjustments, the high adjusted value was accepted. If a high 
adjustment (greater than 50 percent) gave an amount that stood out among 
all other storms in a region, this depth was undercut. Undercutting was 
limited to a value obtained by multiplying the observed depth by 150 percent. 

The moisture adjustments for the storms listed in the appendix give a 
measure of how important this constraint is to the study. Eight of the 53 
storms have moisture adjustments greater than 150 percent, ranging from 155 
to 189 percent. Six of these high adjustments give rainfall depths that 
are supported by other storms in the general region with adjustments less 
than 150 percent. The two exceptions, storm index numbers 8 and 26, have 
adjustments of 163 and 189 percent, respectivelyg For storm No. 8, the most 
critical depth was at 20,000 mi2 (51,800 km2) for 12 hours. We used an adjust
ment of 150 percent giving 8.5 in. (216 mm) and analyzed for this depth. 
For storm No. 26, the most critical depth was at 10,000 mi2 (25,900 km2) 
for 6 hours. We accepted a value of 7g5 ing (190 mm) which was supported 
by other storm depths. The 7.5 in. (190 mm) is 160 percent of the observed 
depth. 

3.2.3 Colorado Storm, May 30-31, 1935 

This storm produced two intense rainfall centers (fig. 1), one at Cherry 
Creek, Colo. (No. 55) and the other at Hale, Colo. (No. 56). The Cherry 
Creek depths were not used since it is near very steep slopes that could 
have increased the rainfall. Only the areal average rainfall surrounding 
the Hale center was usedg The record-breaking cold air mass associated with 
this storm could not reasonably occur 15 days later into the warm season. 
Therefore, the normal procedure of adjusting storms 15 days into the warm 
season (section 2.3.4) was not applied. 

3.2.4 Smethport,Pa. Storm, July 17-18, 1942 

The in-place moisture maximized rainfall values for the Smethport, Pa. 
storm (No. 74) of July 17-18, 1942 (fig. 1), were slightly undercut for 6, 
12, and 24-hr durations for 10-mi2 (26-km2) areas. The greatest undercutting 



(7 percent) was for 6 hours. The slight undercutting avoids excessive en
velopment of all other data in a large region surrounding the Smethport 
location. 

3.2.5 Yankeetown, Fla. Storm, September 3-7, 1950 
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The last exception deals with the rainfall associated with the Yankeetown, 
Fla. storm (No. 85) of September 3-7, 1950. Inland transposition of this 
storm incorporates the distance-from-coast adjustment already discussed. 
This storm is important because it provides the greatest observed rainfall 
depths in the United States for areas from 10 to 2,000 mi2 (26 to 5,180 km2) 
and durations from 18 to 72 hours. 

The outstanding rains of the Yankeetown storm have been attributed to 
the looping track of the hurricane just off the western coast of Florida, 
causing the downpour to be concentrated in space. Looping has been observed 
in many tropical storms along the Atlantic and gulf coasts, summarized by 
Cry (1965) and updated. For the period 1901-76, 58 storm tracks show looping 
or points of recurvature (the latter having an equivalent effect as looping 
in concentrating rainfall if the storm is moving slowly) over water or land 
surfaces within 60 n.mi. (111 km) of the coast from Brownsville, Tex., to 
Eastport, Maine. It is assumed that if other major rain-producing tropical 
storms had looped or recurved while crossing the coast, the resulting areal 
rainfall would have been more concentrated. 

A partial check of this assumption was made by computing hypothetical areal 
rainfall depths for two major gulf coast tropical storms (Hurricane Carla, 
September 10-13, 1961, and the hurricane of August 6-9, 1940) assuming they 
had looped near the coast. The forward speed of each storm was reduced to 
the speed of the Yankeetown storm. Assuming the rainfalls in these storms 
were then closely associated with the storm tracks, recomputation of rain 
depths gave values of approximately the same magnitude as the Yankeetown 
storme 

It can be hypothesized that the Yankeetown rainfall (centered near latitude 
29°N on the west coast of Florida) was enhanced because air trajectories 
from both the Gulf of Mexico and the Atlantic Ocean allowed greater transport 
of moisture into the storm than would be possible along other sections of 
the gulf coast. To check this hypothesis, the moisture inflow associated 
with Easy (the storm giving the Yankeetown rainfall) was compared with that 
of two other tropical storms, Carla (September 1961) and Beulah (September 
1967). These were large rain producers near the coast of Texas. 

Lacking psychrometric data over the water surface, the portion of the 
tropical storms that extended over land during the period of heavy rainfall 
were examined. Dew points were compared, both at the surface and 850-mb 
(85-kPa) level, at equal distances from the centers of each hurricane. Both 
Carla and Beulah recorded approximately the same or higher dew points than 
those found in Easy. The rate of drying in Easy as the moist air from the 
Atlantic Ocean flowed westward over land was approximately the same as that 
in the westward flow of moist air from the Gulf of Mexico for Carla and Beulah. 
Because of these considerations, it was decided to transpose the Yankeetown 
rainfall along the entire gulf coast of the United States. 
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The northward transposition limits of Yankeetown along the Atlantic coast 
has been set as Cape Hatteras, N.C. Remaining is the problem of determining 
the adjustment for transposition to this point. If no downward adjustment 
is used, there would be either a large over-envelopment of all other storm 
rainfall data along the coast or an extreme gradient to the north of Cape 
Hatteras. The standard transposition adjustment based on maximum dew points 
extended over the ocean surface (U.S. Weather Bureau 1952) would give no 
decrease to Cape Hatteras since the 78°F (25.6°C) value (the highest maximum 
dew point considered) is located north of this pointo 

As an alternate, the variation in sea-surface temperatures was used. These 
temperatures, with some overland modification, set upper limits to the amount 
of water vapor the atmosphere can hold. Both the mean and 95th percentile 
sea-surface temperatures (u.s. Naval Oceanographic Office 1967) were analyzed 
for September, the month of the Yankeetown storm. The temperatures were 
averaged within 400-mi (644-km) diameter circles off the coast from 29° to 
38° N latitude. This size circle covers an area considered representative 
of the area from which a large tropical cyclone could process moisture in 
24 hours (Gilman and Peterson 1958). The average temperature determined the 
precipitable water (wp) assuming saturation and a pseudo-adiabatic lapse rate 
through the atmosphereo Figure 11 shows the relation between latitude and 
Wp in percent of the w value at 29°N latitude. A relation based on the 
average of the Wp for the mean temperature and the 95th percentile temperature 
was the basis for adjustment of the Yankeetown storm. This gives a 15-percent 
reduction for transposition to Cape Hatteras. Transpositions farther to the 
north using this relation gives values that are consistent with other adjusted 
storm depths. 

The latitudinal adjustment for Yankeetown was also applied to the trans
position of all tropical storms located near the Atlantic coast south of Cape 
Hatteras, N.C. None of these storms, so adjusted, affected the minimum 
envelopes. 

3.3 Consistency Checks 

3.3.1 Introduction 

The minimum PMP maps (fig. 10) were checked for consistency. Anomalies 
to smooth regional patterns of PMP were eliminated unless there was a 
meteorological explanation. Consistency in depth duration and depth areal 
relations at various locations in the study region was maintained. The 
checks usually resulted in raising the minimum PMP values, although envelop
ment was minimized. 

For the checks, a 2-by-2 degree latitude and longitude grid (154 points) 
was establishede Values were read for each grid point from the minimum PMP 
maps. Computer techniques aided in processing the large volume of data. 
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3.3.2 Variation of Incremental PMP with Area Size 
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A constraint in this study was to maintain the same or lesser incremental 
PMP with increasing area size. For example, the incremental PMP from 12-
to 18-hr duration (PMP for 18 hr minus PMP for 12 hr) could not increase 
with increasing area size. Individual storm depth-area-duration (D-A-D) 
relations can and do show increasing incremental rainfall with increasing 
area size. This is so because control of the D-A-D curves of rainfall 
can come from several different centers for, say, the 12- and 18-hr maximum 
areal rainfall depths. Accepted application of PMP to a drainage has been 
through use of incremental·PMP isohyets. Such isohyets would not have 
internal consistency if incremental PMP increases with increasing area 
size. 
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3.3.3 Consistency in Depth-Area-Duration Relations 

Depth-area-duration (D-A-D) plots of PMP, with area and with duration as 
the third parameter, were made for each of the 154 grid points and then 
smoothed. Figure 12 is an example of depth-duration smoothing and figure 
13 an example of depth-area smoothing. These examples show the final values 
after all adjustments were applied. For these plots, depth was expressed 
in percent of the rainfall for 10 mi2 (26 km2) for 72 hours. 

Analyses of the 308 D-A-D plots flagged inconsistencies such as incremental 
PMP increasing with increasing area size or incremental PMP for a certain 
area size not decreasing with duration. They also ensured smooth envelopes 
of D-A-D rainfall values. Such smoothness takes into account the strong 
probability that nature has not provided maximum depths for the entire range. 
of areas and durations covered by this report. 

3.3.4 Cross Section Checks 

Another check was made on the gradients of PMP along cross sections of 
the study region. Gradients established by use of guidance material (section 
3.1) and the just described D-A-D smoothing did not necessarily correct 
regional inconsistencies. 

Six north-south and five east-west cross sections of PMP depths were 
made running along the 103°, 97°, 91°, 85°, 79° and 71° longitude and the 
47°, 43°, 39°, 35°, and 31° latitude lines. Two types of plots were made. 
In the first set, durations were held constant allowing checks on con
sistency of areal rainfall magnitudes. An example of this type is given 
in figure 14. In the second type, areas were held constant while durational 
values were checked. An example of these cross sections is figure lS. 

3.3.5 Rainfall Difference Check 

Another check was on the differences in PMP between standard durations 
and between standard area sizes. At each of the 154 grid points, the differ
ence between 24-hr PMP and the 6-hr PMP and the difference between the 72-
hr PMP and the 24-hr PMP were computed for each of three area sizes [10, 
1,000, and 20,000 mi2 (26, 2,590, and 51,800 km2)]. Likewise areal differ
ences in PMP [10-mi2 (26-km2) PMP minus 1 000-mi2 (2,590-km2) PMP and 
l,OOO-mi2 (2,590-km2) PMP minus 20,000-mii (51,800-km2) PMP] were computed 
for each of three durations (6, 24, and 72 hours). Mapped values of these 
differences were analyzed and PMP maps modified when inconsistent differences 
occurred from one location to another. An example of final differences 
between 24- and 6-hr values for 20,000 mi2 (51,800 km2) is shown. in figure 
16. 

3.3.6 Rainfall Ratio Check 

We also maintained consistency in regional trends of durational rainfall 
ratios (6/24 and 24/72 hour) for areas of 10, 200, 1,000, 5,000, 10,000, 
and 20,000 mi2 (26, 518, 2,590, 12,950, 25,900, and 51,800 km2). Similarly, 
we maintained consistency in regional trends of areal rainfall ratios 
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[20,000/1,000, 20,000/10, 10,000/10, and 1,000/10 mi2 (51,800/2,590, 
51,800/26, 25,900/26, and 2,590/26 km2)] for durations of 6, 24, and 72 hours. 
These ratios were allowed to vary from region to region; however, smooth 
transitions were maintained. 

3.3.7 PMP Maps 

MOdifications made for any one of the consistency checks (sections 3.3.2 
to 3.3.6) necessarily required replotting and reanalysis of PMP. The result
ing PMP maps covering durations of 6, 12, 24, 48, and 72 hours for areas 
of 10, 200, 1,000, 5,000, 10,000, and 20,000 mi2 (26, 518, 2,590, 12,950, 
25,900, and 51,800 km2) are given in figures 18 through 47. 

4. EVALUATION OF GENERALIZED PMP CHARTS 

4el Degree of Envelopment 

Evaluation of how much effect storm transposition and modifications due 
to consistency checks have on the PMP estimates is of interest. For such 
an evaluation, the magnitudes of moisture maximized storm depths where they 
occurred (in place) were compared with the PMP estimates for these locations. 
The comparison of in-place values rather than transposed values circumvents 
the judgmental decisions on storm transpositions and adjustments. 

Table 4 lists the storms that have in-place moisture maximized rainfalls 
within 10 percent of PMP. Observed maximum areal average rainfall depths 
for these storms are found in the appendix. Only the most critical rainfall 
depth (for the duration and area coming closest to PMP) was used in the 
table. The table also gives the moisture adjustment for each storm.l 

Table 4 shows that four storms give in-place moisture maximized rainfall 
greater than PMP. Three of these storms (Nos. 2, 51, and 77) were undercut 
by < 2 percente The moisture maximized depth for the storm (No. 2) of 
May-30-June 1, 1889 [20,000 mi2 (51,800 km2) for 48 hours] of 11.4 in. 
(290 mm) was undercut by 0.2 in. (5 mm). Similarly for the storm (No. 51) 
of September 16-17, 1932, the depth [10,000 mi2 (25,900 km2) for 12 hours] 
of 7.0 in. (178 mm) was undercut by 0.1 in. (2.5 mm), and the depth for the 
storm (No. 77) of May 6-12, 1943 [20,000 mi2 (51,800 km2) for 48 hours] of 
14.1 in. (358 mm) was undercut by 0.1 in. (2.5 mm). Because of smoothing 
and other constraints to PMP, increasing the values for these area sizes 
and durations by only 0.1 or 0.2 in. (2.5 or 5 mm) means much more significant 
envelopment at other areas and durations. This is particularly so with regard 
to the constraint on incremental PMP with respect to increasing area size 
(section 3.3.2). 

1The cases with moisture adjustments greater than 150% are supported by 
rainfalls in other nearby storms with adjustments less than 150% (section 
3o2e2)e 
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TabZe 4.--StoPms that give moistuPe maximized roainfaZZ within 10 perocent of 
PMP foro at Zeast one aroea size and dUPation. 

In-place Ratio: 
Storm Storm Moisture Moist. Max. 

Index No. Assigmnent No. Date Adj. (%) Rainfall*/PMP 
(see fig.l) 

74 OR9-23 7/17-18/1942 110 1.07 
2 SAl-1 5/30-6/1/1889 163 1.02 

51 NA1-20B 9/16-17/1932 127 1.01 
77 SW2-20 5/6-12/1943 141 1.01 
88 SW3-22 6/23-28/1954 116 1.00 

3 MR4-3 6/4-7/1896 155 1.00 
47 LMV2-20 3/11-16/1929 134 1.00 
85 SAS-8 9/3-7/1950 110 1.00 
14 UMV2-5 6/9-10/1905 148 .99 

7 GM3-4 6/27-7/1/1899 116 .98 
87 MR!0-8 6/7/1953 171 .98 
42 MR4-24 9/17-19/1926 134 .98 
22 UMVl-llA 7/18-23/1909 134 .98 
68 NA2-4 9/1/1940 122 .98 
97 SW3-24 9/19-24/1967 116 .97 
69 SW2-18 9/2-6/1940 141 .97 
54 LMV4-21 5/16-20/1935 128 .97 
8 LMV2-5 4/15-18/1900 150 .97 
1 OR9-19 9/10-13/1878 122 .97 

100 NA2-24A 6/19-23/1972 121 .97 
20 SWl-11 10/19-24/1908 163 .95 
53 SW2-ll 4/3-4/1934 149 .94 
11 GL4-9 10/7-11/1903 144 .94 
56 5/30-31/1935 122 .93 
26 LMV3-19 3/24-28/1914 150 .93 
44 NAl-17 11/2-4/1927 148 .93 
65 6/19-20/1939 128 .92 
86 MRl0-2 7/9-13/1951 128 .91 
17 GM3-14 8/4-6/1906 121 .91 
67 MR4-5 6/3-4/1940 163 .90 

* For the standard area size and standard duration giving the highest 
ratio. 
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Of more concern was the undercutting of the July 17-18, 1942 storm (No. 
74) centered at Smethport, Pa. This storm's in-place moisture maximized 
10-mi2 (26-km2) 6-hr depth of 27.2 in. (690 mm) is undercut by 7 percent. 
Without this undercutting there would be excessive envelopment in a large 
region surrounding the Smethport location for numerous area sizes and 
durations. 

Figure 1 identifies the 30 storms listed in table 4. One of these storms 
(No. 97) is centered outside the study region. This storm is included because 
it produced important large-area rainfalls that extended into the United 
States. Considering deficiencies in the total storm sample, the distribution 
of the 30 storms indicates reasonably comparable PMP over the study region. 
In our judgment, these comparisons indicate that envelopment and smoothing 
steps did not raise the PMP values excessively. 

4.2 Use of PMP for all Durations in one PMP Storm 

4.2.1 Introduction 

In application of the all-season PMP values, a concern is whether PMP for 
all durations for any given area size can occur in one PMP storm. It is 
possible that the storms controlling at short durations could be different 
in type or season than those controlling at long durations. If this should 
be the case, use of PMP values for all durations in one PMP storm would be 
unrealistic. A test was made to determine if such cross season or different 
storm type control exists for a given area size. We labeled this test "storm 
commonality." 

4o2.2 Storm Commonality Test 

A clearcut solution of the problem would be to type each storm used in 
the reporto The difficulty with this approach is that whatever typing system 
is used, many storms would not easily fit into distinct types. This is par
ticularly so because we are dealing with extreme events that are difficult 
to categorize just because they are rare. 

Storm rainfall data were surveyed to see if within seven re~ions the ~reat
est or near greatest depths for three durations (6, 24, and 72 hours) came 
from the same storm. Each standard area size [10 200, 1,000, 10,000, and 
20,000 mi2 (26, 518, 2,590, 25,900, and 51,800 km~)] was considered sepa12telyo 

Boundaries for the seven regions are shown in figure 17. For each zone 
and area size, all the moisture maximized rainfall depths that came within 
15 percent of the greatest depth for each duration were determined. If among 
these data a common storm showed up for all three durations, we assumed 
"storm commonality" was fulfilled. 

Of 35 cases (7 regions and 5 area sizes), 26 met the commonality require
mente The nine exceptions are listed in table So 
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TabZe 5.--Exceptions to "stoT'Irl commonaZit;y" 

Region 

I 
III 

IV 
VI 

VII 

Area Size 

mi2 (km2) 

10; 200 (26; 518) 
1,000 (2,590) 
200; 10,000; 20,000 (518; 25,900; 51,800) 
200 (518) 
200; 1,000 (518; 2,590) 

Examination of these nine exceptions showed that seven of them would meet 
the commonality requirement if values from different storms, still within 
15 percent of the greatest value but definitively of the same storm type, 
were allowed to be combined. 

The two remaining exceptions are in zone IV for 10,000 and 20,000 mi2 

(25,900 and 51,800 km2). For 10,000 mi2 (25,900 km2) we obtain storm 
commonality if the criteria lowered to 19 percent of the greatest moisture 
maximized depth. For 20,000 mi2 (51,800 km2) storm commonality was obtained 
if 23 percent of the greatest depth were allowed. 

In the test for. "storm commonality", our storm sample for some area sizes 
and zones of necessity must deal with storms of less than PMP magnitude. 
The thresholds set for the data samples were arbitrary; however, if full 
transposition of the storms were allowed (section 2.4), the thresholds used 
could have been much more stringent and still show "storm commonality". 

We conclude there is not undue maximization in the region covered by this 
study to assume PMP for all durations can be used in one PMP storm for any 
drainage size. 

5g USE OF PMP CHARTS 

The set of PMP maps of this report are given in figures 18 through 47. 
Generalized PMP estimates for any drainage in the United States, east of 
105 degrees longitude, for drainages between 10 and 20,000 mi2 (26 and 
51,800 km2) and for durations from 6 to 72 hours can be determined by follow
ing these steps: 

a. Determine the geographic location and size of the drainage under 
study. 

b. From the PMP maps (figures 18 through 47) record the average PMP depths 
for the basin location. (See section 1.4.2 concerning estimates located 
in stippled areasg) It is not necessary to use each PMP map, but we recommend 
that PMP values from at least four of the six area sizes closest to the 
basin size be considered. For these areas, tabulate PMP values for all dura
tions, 6, 12, 24, 48, and 72 hours. Example: If the drainage covers 



11,300 mi2 (29,250 km2) tabulate PMP for 1,000, 5,000, 10,000, and 20,000 
mi2 (2,590, 12,950, 25,900, 51,800 km2) for 6, 12, 24, 48, and 72 hours. 
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c. Plot the PMP depths on semilog paper (depth vs. area). Draw smooth 
duration curves through the plotted data points (as in fig. 13, except that 
the depths should be plotted directly in inches). 

d. From the depth-area-duration graph of step c, determine the PMP depths 
at the basin size for each duration. 

e. Plot these basin area PMP values on linear graph paper (depth vs. 
duration). Draw a smooth curve connecting these points. Interpolate along 
this curve to obtain PMP depths for other durations, if required. 

NOTE: To determine PMP for a basin located in one of the Gulf Coast States 
south of the last PMP isoline shown (for example, a basin in Florida), use 
the PMP values given by the southernmost isolines. 
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Figure 20.--AZZ-season PMP (in.) for 24 hr 10 mi2 (26 km2). 
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Figure 21.--AZZ-season PMP (in.) for 48 hr 10 mi
2 (26 km
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Figure 22.--AZZ-season PMP (in.) for 72 hr 10 mi2 (26 km2). 
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FigUPe 23.--AZZ-season PMP (in.) for 6 hr 200 mi2 (518 km2). 
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Figure 24.--AZZ-season PMP (in.) for 12 hr 200 mi2 (518 km2). 
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Figure 25.--AZZ-season PMP (in.) for 24 hr 200 mi2 (518 km2). 
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Figure 26.--AZZ-season PMP (in.) for 48 hr 200 mi2 (518· km2). 
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Figure 2?.--AZZ-season PMP (in.) for ?2 hr 200 mi2 (518 km
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Figure 28.--AZZ-season PMP (in.) for 6 hr 1~000 mi2 (2~590 km2
). 
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FigUPe 29.--AZZ-season PMP (in.) for 12 hr 1,000 mi2 (2,590 km2). 

\ . \ ,29' 

I II. = 25.). ---\ 
--~ I 

STATUTE MILES 

100 ? 1?0 200 JOO 

100 0 100 200 JOO ~00 
KILOMETERS 

79' 75' 

12 

V1 
\D 



103' 99' 95' 91' 

103' 99' 95' 91° 87" 

FiguPe 30.--AZZ-season PMP (in.) for 24 hr 1~000 mi2 (2~590 km2). 
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Figure 31.--AZZ-season PMP (in.) for 48 hr 1~000 mi2 (2~590 km2J. 
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Figure 32.--AZZ-season PMP (in.) for 72 hr 1~000 mi
2 (2~590 km

2
). 
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Figure 33.--AZZ-season PMP (in.) for 6 hr 5~000 mi2 (12~950 Jon
2J. 
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Figure 34.--AZZ-season PMP (in.) for 12 hr 53 000 mi2 (123 950 km2). 
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FiguPe J5.--AZZ-season PMP (in.) for 24 hr 5~000 mi
2 (12~950 km

2
). 

29' 

-

STATUTE MILES ---1
25

. 
100 ? 190 200 390 

100 o 100 260 3oo ~6o 
KILOMETERS 

79' 75' 

0\ 
IJl 



99° 95" 91° 

103° 99" 95° 91° 87" 83" 

Figure 56.--AZZ-season PMP (in.) for 48 hr 5~000 mi2 (12~950 km2J. 
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Figure 37.--AZZ-season PMP (in.) for 72 hr 6~000 mi2 (12~960 km2J. 
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Figure 38.--AZZ-season PMP (in.) for 6 hr 103 000 mi2 (253 900 km2J. 
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Figure 39.--All-season PMP (in.) for 12 hr 10~000 mi
2 (25~900 km

2
). 
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Figure 40.--AZZ~season PMP (in.) foP 24 hP 10,000 mi2 (25,900 km
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FiguPe 41.--A~Z-season PMP (in.) for 48 hr 10,000 mi2 (25,900 km2). 
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FigUPe 42.--AZZ-season PMP (in.) for ?2 hr 10~000 mi2 (25~900 km2J. 
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FiguPe 43.--AZZ-season PMP (in.) for 6 hr 203 000 mi2 (51 3 800 km
2
). 
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Figure 44.--AZZ-season PMP (in.) for 12 hr 20~000 mi2 
(51_,8.00 mlJ. 
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Figure 45.--AZZ-season PMP (in.) for 24 hr 20,000 mi2 (51,800 km
2
). 
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APPENDIX -- MAXIMUM OBSERVED AREAL RAINFALL FOR IMPORTANT STORMS 

The following is a list of observed maximum rainfall depths of the most 
important storms for selected area sizes and durations. Other information 
shown are: 

a. Storm index number. Used in this report for identification purposes. 

b. Storm assignment number (enclosed in parenthesis). This number is 
assigned by Corps of Engineers or Atmospheric Environment Service, Canada, 
for storm identification. Those storms without a storm assignment number 
refer to unofficial rainfall data acquired by the Hydrometeorological Branch. 

c. Date of storm. 

d. Location of storm rainfall center. 

e. In-place moisture adjustment of the storm. 

The location of the rainfall centers, with storm index numbers, are shown 
in figure 1. 

Conversions from English to the metric system for these tables: 

1 in. = 25o4 mm 

1 mi
2 = 2.59 km

2 



APPENDIX - - IMPORTANT STORMS 

STORM INDEX NO. 1 (OR 9-19) 
RAINFALL CENTER JEFFERSON 10H 

DATE 9/10-13/1878 
MOIST.ADJ.=122 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 66 

10 5.9 11.2 11.7 12.2 13.0 13,4 14.3 14.9 15.0 
100 5.8 10.9 11.6 12.1 12.7 13.2 14.1 14,6 14.7 
200 5.8 10.8 11.4 11.9 12.5 12.9 13.9 14.4 14.5 

1000 5.3 10.1 10.6 11.0 11.7 12.1 12.9 13.4 13.5 
5000 4.1 8.0 8.8 9.2 9.9 10.3 10.9 11.3 11.3 

10000 3.5 6.8 7.5 8.1 8.8 9.0 9.7 9.9 10.0 
20000 2.8 5.4 6.1 6.7 7.2 7.5 8.1 8.4 8.4 
50000 1.9 3.5 4.1 4.6 4.9 5.2 5.8 6.1 6.1 

STORM INDEX NO. 2 (SA 1-1) 
RAINFALL CENTER WELLSBORO,PA 

DATE 5/30-6/1/1889 
MOIST.ADJ.=163 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 

10 7.4 8.6 9.1 9.2 
100 7.2 8.3 8.9 9.0 
200 7.1 8.2 8.7 8.8 

1000 6.7 7.7 8.2 8.3 
5000 3.9 4.9 6.4 6.8 

10000 2.8 4.0 5.0 5.7 

9.2 9.7 
9.0 9.5 
8.8 9.3 
8,3 8.7 
7.5 8.0 
7.0 7.6 
6.3 6.8 
4.8 5.4 

9.8 
9.6 
9.4 
8.8 
8.1 
7. 7 
7.0 
5.6 

20000 2.1 3.2 4.0 4.7 
50000 1.4 2.4 3.1 3.6 

STORM INDEX NO. (MR 4-3) DATE 6/4-7/1896 
MOIST.ADJ.=155 RAINFALL CENTER GREELEY 1 NB 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 

10 
100 
200 

1000 
5000 

10000 
20000 
50000 

DURATION OF RAINFALL IN HOURS 
6 12 18 24 30 36 48 60 72 

12.0 12.0 12.2 12.3 12.3 12.3 12,3 12,3 12.3 
11.6 11.6 11.6 11.8 11.8 11.8 11.8 11.8 11.8 
11.2 11.2 11.2 11.5 11.5 11.5 11.5 11.5 11.5 

B. 7 8.9 9.0 9.2 9.4 9.4 9.4 9.4 9.4 
4.0 4.3 4.9 5.1 5.2 5.3 5.3 5.3 5.3 
2.4 ·2.8 3.7 4.0 4.1 4.2 4.2 4.4 4.5 
1.3 1.8 2.6 3.0 3.1 3.2 3.2 3.7 3,8 

.6 Lj. 1.7 2.1 2.3 2.4 2.5 3.1 3.3 

STORM INDEX NO. 4 (UMV 1-2) 
RAINFALL CENTER LAMBERT ,MN 

DATE 7/18-22/1897 
M0IST.ADJ.=148 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 

SQ.MI. 
DURATION OF RAINFALL IN HOURS 

6 12 18 24 30 36 48 60 72 

10 3.2 5.2 6.2 
100 3.1 4.8 6.0 
200 3.0 4.6 5.9 

1000 2.7 4.2 5.5 
5000 2.3 3.4 4.3 

10000 1.9 3.0 3.8 
20000 1. 7 2.8 3.5 
50000 1.3 2.3 2.9 

6.5 6.5 
6.3 6.3 
6.2 6.2 
5.8 5.8 
4.5 4.7 
4.0 4.2 
3. 7 3.8 
3.1 3. 3 

6.5 
6.3 
6.2 
5.8 
4.7 
4.2 
3.8 
3.4 

6.9 
6.8 
6. 7 
6.3 
5.2 
4.5 
4.2 
3. 7 

8.0 8.0 
7.9 7.9 
7.8 7.8 
7.3 7.3 
6.1 6.2 
5.4 5. 5 
4.8 5.0 
3.9 4.1 

96 

8.2 
8.2 
8.1 
7.3 
6.4 
5.7 
5.3 
4.6 

STORM INDEX NO. 6 (NA 1-7B) 
RAINFALL CENTER JEWELL,MD 

DATE 7/26-29/1897 
MOIST.ADJ.=141 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

DURATION OF RAINFALL IN HOURS AREA 
SQ.MI. 6 12 18 24 30 36 48 60 

10 13.0 14.5 14.7 14.7 14.7 14.7 15.8 15.8 
100 10.5 11.7 11.9 11.9 11.9 11.9 12.8 12.8 
200 9.4 10.5 10.6 10.6 10.6 10.6 11.5 11.5 

1000 5.5 6.0 6.2 6.2 6.2 6.2 7.0 7.0 
5000 2.3 2. 7 3.0 3.1 3.2 3.2· 3.6 3. 7 

STORM INDEX NO. (GM 3-4) 
RAINFALL CENTER HEARNE,TX 

DATE 6/27-7/1/1899 
MOIST .ADJ. =116 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

DURATION OF RAINFALL IN HOURS AREA 

SQ.MI. 
10 

6 12 18 24 30 36 48 60 72 96 
6.9 12.6 18.6 24.1 26.4 29.0 30.8 34.0 34.5 34.5 

100 6.3 12.1 18.1 23.3 25.7 28.2 30.0 32.8 33.6 33 .• 6 
200 6.2 11.8 17.8 23.0 25.3 27.8 29.5 32.2 33.1 33.1 

1000 5.5 10.8 16.3 21.1 23.1 25.6 27.1 29.7 30.4 30.5 
5000 4.2 7.8 11.4 14.7 16.4 18.7 20.7 23.6 24.4 25.1 

10000 3.5 6.0 
20000 2.8 4.5 
50000 1.9 2.7 

8.7 11.2 13.1 15.1 17.4 20.5 21.3 22.1 
6.3 8.2 9.7 11.6 13.8 16.5 17.6 18.6 
3.7 4.8 5.6 6.9 8.5 9.9 11.0 12.0 

-....J 
\0 



APPENDIX - - IMPORTANT STORMS 

STORM INDEX NO. 8 (LMV 2-5) 
RAINFALL CENTER EUTAW,AL 

DATE 4/15-18/1900 * 
MOIST.ADJ .=163 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 

10 7.6 9.9 12.2 12.6 13.7 13.9 13.9 13.9 
100 6. 7 9.8 11.9 12.4 13.4 13.6 13.6 13.7 
200 6.4 9.7 11.7 12.2 13.2 13.4 13.4 13.5 

1000 5.5 9.1 10.8 11.3 12.3 12.6 12.7 12.8 
5000 4.3 7.5 9.0 9.9 10.7 11.7 11.7 11.8 

10000 3.7 6.6 8.0 8.9 9.8 10.3 11.0 11.1 
20000 3.1 5.7 6.9 7.8 8.5 9.1 9.9 10.2 
soooo. 2.2 4.2 5.1 5.9 6.6 7.1 7.8 8.3 

Moisture adj. limited to 150 percent for 
this study (see section 3. 2. 2) . 

STORM INDEX NO. 11 (GL 4-9) 
RAINFALL CENTER PATTERSON,NJ 

DATE 10/7-11/1903 
MOIST.ADJ .=144 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 

DURATION OF RAINFALL IN HOURS 
6 12 18 24 30 36 48 60 72 96 

10 5.4 8.0 11.7 13.7 14.5 14.9 15.0 15.0 15.0 15.5 
100 5.0 7.3 10.9 12.8 13.5 13.8 14.0 14.0 14.4 14.5 
200 4.7 7.1 10.4 12.4 13.1 13.4 13.5 13.5 13.9 14.0 

1000 3.7 6.4 8.9 10.9 11.7 12.0 12.1 12.1 12.4 12.5 
5000 2.6 4.9 6.9 9.0 9.6 9.7 9.9 9.9 10.2 10.2 

10000 2.1 4.1 5.8 7.7 8.3 8.5 8.7 8.7 8.9 9.0 
20000 1. 7 3 0 2 4 0 5 6.1 6 0 7 7.1 7 0 4 7 0 4 7 0 6 7 0 7 

STORM INDEX NO. 13 (GL 2-12) 
RAINFALL CENTER MEDFORD,WI 

DATE 6/3-8/1905 
MOIST.ADJ.=141 

MAXIMUM AVERAGE DE!'TH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 

DURATION OF RAINFALL IN HOURS 
6 12 18 24 30 36 48 60 72 96 

10 7.2 8.4 8.5 
100 6.8 8.1 8.3 
200 6.6 1.8 8.o 

1000 5.4 6.2 6.4 
5000 3.8 4.5 4.8 

10000 3.1 3.8 4.0 
20000 2.4 3.0 3.3 
50000 1.5 2.1 2.4 

8.9 9.1 
8.5 8.7 
8.2 8.5 
7.0 7.6 
s.s 6.1 
4.8 5.4 
4.1 4.8 
2.9 3.5 

9.9 10.5 11.2 11.2 11.2 
9.6 10.1 10.7 10.7 10.7 
9.2 9.9 10.5 10.5 10.5 
8.0 8. 7 9.3 9.3 9.3 
6.5 7.0 7.6 7.7 7.8 
5.8 6.2 6.9 7.0 7.1 
5.1 5.3 6.1 6.2 6.3 
3.6 4.0 4.5 4.7 4.8 

STORM INDEX NO • 14 (UMV 2-5 ) 
RAINFALL CENTER BONAPART, IA 

DATE 6/9-10/1905 
MOIST.ADJ.=148 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 

10 10.0 12.0 
100 9.2 ll.S 
200 8.9 l1.3 

1000 8.0 10.0 
5000 5.8 7.3 

10000 4.4 5.6 
20000 3.0 3.9 

STORM INDEX NO. 16 (MR 5-13) 
RAINFALL CENTER WARRICK,MT 

DATE 6/6-8/1906 
MOIST.ADJ.=156 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

10 6.0 
100 5.0 
200 4.6 

1000 3.5 
5000 2.1 

10000 1. 7 
20000 1. 5 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 54 

7.8 8.4 10.2 10.9 11.6 13.1 13.3 
7.1 7.6 9.2 9.7 10.5 11.8 12.2 
6.6 7.1 8.7 9.2 9.9 11.2 ll.S 
5.0 5.4 6.7 7.1 7.6 8.7 8.9 
3.0 3.2 4.2 4.4 4.9 s. 7 5.9 
2.5 2. 7 3.4 3.8 4.2 5.0 5.2 
2.2 2.5 2.9 3.~ 3.7 4.2 4.3 

STORM INDEX NO. 17 (GM 3-14) DATE 8/4-6/1906 
RAINFALL CENTER KNICKERBOCKER,TX MOIST.ADJ.=121 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

DURATION OF RAINFALL IN HOURS AREA 
SQ.MI. 6 12 18 24 30 36 48 

10 7.8 
100 7.6 
200 7 0 5 

1000 7.0 
5000 5.8 

10000 4.8 
20000 3.3 

7.9 7.9 8.6 9.0 9.0 9.0 
7.9 7.9 8.6 9.0 9.0 9.0 
7.9 7.9 8.6 9.0 9.0 9.0 
7.8 7.8 8.3 9.0 9.0 9.0 
6.6 7.1 8.2 8.2 8.2 8.2 
5.5 5.5 6.1 7.0 7.0 7.1 
3.9 4.0 4.3 5.3 5.3 5.5 

00 
0 
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STORM INDEX NO. 20 (SW 1-11) 
RAINFALL CENTER MEEKER, OK 

DATE 10/19-24/1908 
MOIST.ADJ .=163 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 

.DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 90 

10 9.4 10.0 10.0 11.4 11.8 12.0 14.5 14.9 15.2 15.8 
100 8.2 9.3 9.4 10.3 11.3 ll.S 13.6 14.4 14.9 15.4 

1000 6.3 7.5 7.7 8.6 9.9 10.2 12.7 13.3 13.7 14.0 
5000 4.4 5.4 5.7 6.6 7.6 8.2 10.5 ll.3 11.7 12.1 

10000 3.5 4.5 4.8 5.6 6.4 7.1 9.2 10.0 10.6 11.0 
20000 2.7 3.6 3.9 4.6 5.3 5.9 7.7 8.6 9.0 9.6 
50000 1.6 2.4 2.8 3.4 3.8 4.3 5.6 6.2 6.6 7.2 

STORM INDEX NO. 22 (UMV 1-llA) DATE 7/18-23/1909 
RAINFALL CENTER BEAULIEU,MN MOIST.ADJ .=134 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 10.5 10.7 10.8 11.5 11.7 11.8 ll.8 12.0 12.1 12.1 
100 10.3 10.5 10.7 11.3 11.5 11.7 11.7 12.0 12.0 12.0 
200 10.1 10.4 10.5 11.1 11.3 11.5 11.5 11.8 11.8 11.8 

1000 9.2 9.6 9.7 10.0 10.4 10.6 10.6 10.8 10.9 10.9 
5000 4.8 5.9 6.0 6.1 6.7 7.0 7.2 7.9 8.0 8.1 

STORM INDEX NO. 26 (LMV 3-19) 
RAINFALL CENTER MERRYVILLE,LA 

DATE 3/24-28/1914 
MOIST.ADJ.=189* 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 8_3 12.0 12.4 12.6 12.6 12.6 12.9 12.9 12.9 12.9 
100 8.0 11.0 11.7 11.9 12.0 12.0 12.2 12.3 12.3 12.3 
200 7.8 10.6 11.4 11.6 11.7 11.7 11.9 12.0 12.0 12.0 

1000 7.2 9.7 10.5 10.7 10.8 10.8 11.0 11.2 11.2 11.2 
5000 6.1 7. 9 8. 7 9. 0 9.1 9.1 9. 3 9. 5 9. 6 9. 6 

10000 4.7 6.1 7.1 7.6 7.8 7.8 8.1 8.4 8.6 8.7 
20000 2.9 3.7 4.5 4.9 5.1 5.3 6.4 7.2 7.5 7.6 
50000 2.0 2.6 3.2 3.8 4.1 4.2 4.9 5.6 5.8 6.0 

*Moisture adj. limited to 160 percent for this 

study (see section 3. 2. 2) . 

STORM INDEX NO. 29 [GL 2-16) 
RAINFALL CENTER COOPER,MI 

DATE 8/31-9/1/1914 
MOIST.ADJ.=155 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 

10 12.6 
100 11.3 
200 10.0 

1000 5. 7 

DURATION OF RAINFALL IN HOURS 

STORM INDEX NO. 31 (SA 2-9) 
RAINFALL CENTER ALTAPASS,NC 

DATE 7/13-17/1916 
MOIST. ADJ.=121 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 8.0 12.6 17.0 22.2 22.9 23.0 23.2 23.7 23.7 23.8 
100 7.2 12.0 15.6 19.3 20.8 21.1 21.7 22.1 22.1 22.2 
200 6.9 11.7 15.0 18.3 19.9 20.3 20.9 21.3 21.4 21.4 

1000 5.9 10.4 12.9 15.0 16.7 17.3 18.1 18.4 18.6 18.7 
5000 3.9 7.4 9.3 10.9 12.0 12.6 13.4 13.6 13.8 14.0 

10000 3.0 5.5 7.2 8.6 9.4 9.9 10.6 10.8 11.0 11.2 
20000 2.1 3.8 5.0 5.9 6.6 7.3 8.0 8.2 8.4 8.6 

STORM INDEX NO. 33 (GM 5-15B) 
RAINFALL CENTER MEEK,NM 

DATE 9/15-17/1919 
MOIST.ADJ.=134 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 ~8 24 30 36 48 54 

10 3.8 4.5 
100 3.2 4.2 
200 3.0 4.1 

1000 2.5 3.4 
5000 1.9 2. 7 

6.2 7.4 8.5 9.1 9.5 9.5 
5.1 6.4 7.3 7.9 8.3 8.3 
4.7 6.0 6.9 7.5 7.9 7.9 
4.0 5.0 5.8 6.5 6.9 9.6 
3.2 4.0 4.8 5.3 5.9 6.0 

10000 1.6 2.4 2.9 3.6 4.3 4.8 5.5 5.6 
20000 l. 3 2. 0 2. 5 3.1 3. 8 4. 3 5.1 5. 2 
50000 .9 1.6 2.1 2.6 3.2 3.7 4.6 4.7 

00 
1-' 
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STORM INDEX NO. 36 (MR 4-21) DATE 6/17-21/1921 
RAINFALL CENTER SPRINGBROOK,MT MOIST.ADJ.=128 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 10.5 11.7 12.9 13.3 13.4 13.4 14.2 14.5 14.6 14.9 
100 8.5 11.1 12.6 13.0 13.3 13.3 14.1 14.2 14.4 14.9 
200 8.3 10.8 12.3 12.7 13.0 13.0 13.8 13.9 14.2 14.6 

1000 7.4 9.6 10.8 11.3 11.5 11.5 12.1 12.3 12.5 12.8 
5000 4.9 6.2 7.3 7.7 8.0 8.0 9.0 9.3 9.5 9.8 

10000 3.0 4.3 5.1 5.6 5.8 5.8 7.3 7.6 7.7 7.9 
20000 1.6 2.7 3.4 3.9 4.1 4.2 5.2 5.5 5.8 6.0 

STORM INDEX NO. 37 (GM 4-12) 
RAINFALL CENTER THRALL,TX 

DATE 9/8-10/1921 
MOIST.ADJ .=105 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 

10 22.4 29.8 35.0 36.5 37.2 37.6 37.6 
100 19.6 26.2 30.7 31.9 32.6 32.9 32.9 
200 17.9 24.3 28.7 29.7 30.4 30.7 30.8 

1000 13.4 18.8 22.9 24.0 24.6 24.9 25.1 
5000 8.1 11.1 14.1 15.0 15.9 16.2 16.3 

10000 5.6 7.7 9.7 10.7 ll.8 12.1 12.2 

STORM INDEX NO. 38 (MR 4-23) 
RAINFALL CENTER SAVAGETON,WY 

DATE 9/27-10/1/1923 
MOIST.ADJ .=141 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 

DURATION OF RAINFALL IN HOURS 
6 12 18 24 30 36 48 60 72 96 

10 6.0 9.1 9.3 
100 5.1 8.4 8.7 
200 4.9 8.0 8.4 

1000 3.7 6.2 6.4 
5000 2.2 3.6 3.8 

10000 1.6 2.5 2.7 
20000 1.2 1.8 2.1 

9.5 13.0 16.5 16.9 16.9 16.9 16.9 
9.0 12.2 15.5 15.9 15.9 15.9 15.9 
8.6 11.7 14.8 15.2 15.2 15.2 15.2 
6.6 9.0 11.4 11.6 11.7 11.8 12.0 
4.0 5.6 7.0 7.2 7.4 7.6 8.1 
3.0 4.2 5.3 5.7 6.1 6.3 6.9 
2.5 3.2 3.9 4.7 5.1 5.5 6.0 

50000 .8 1.5 1.8 2.1 2.7 3.1 3.7 4.0 4.3 4.7 

STORM INDEX NO. 42 (XR 4-24) 
RAINFALL CENTER BOYDEN,IA 

DATE 9/17-19/1926 
MOIST.ADJ.=134 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 

10 15.1 20.7 21.7 21.7 21.7 21.7 21.7 
100 12.8 17.1 17.8 17.8 17.8 17.8 17.8 
200 11.7 15.8 16.6 16.6 16.6 16.6 16.6 

1000 7.5 10.1 10.4 10.6 10.6 10.6 10.6 
5000 4.1 6.3 6.4 6.6 6.6 6.6 6.6 

10000 3.0 5.2 5.4 5.5 5.6 5.6 5.6 
20000 2.1 4.1 4.3 4.4 4.6 4.8 4.9 
50000 1.4 2.7 2.9 3.0 3.2 3.6 3.8 

STORM INDEX NO. 44 (NA 1-17) DATE 
RAINFALL CENTER KINSMAN NOTCH,NH 

ll/2-4/1927 
MOIST.ADJ.=148 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 

10 7.8 10.8 11.7 12.0 12.8 13.7 14.0 
100 5.8 8.3 8.8 9.2 9.5 10.1 10.3 
200 5.7 8.2 8.6 8.8 9.0 10.0 10.2 

1000 4.8 7.3 7.7 7.8 8.2 8.8 8.9 
5000 2.7 4.8 6.1 6.7 7.2 7.7 7.9 

10000 2.3 4.0 5.5 6.3 6.7 7.0 7.3 
20000 2.0 3.5 4.7 5.3 5.8 6.2 6.4 
50000 1.6 2.8 3.6 4.1 4.5 4.9 5.1 

STORM INDEX NO. 47 (LMV 2-20) 
RAINFALL CENTER ELBA,AL 

DATE 3/ 11-16/1929 
MOIST.ADJ.=l34 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 14.0 15.4 19.5 20.0 21.4 23.8 27.4 28.0 29.6 29.6 
100 13.6 14.9 18.9 19.3 20.7 22.9 26.1 26.6 28.4 28.4 
200 13.1 14.4 18.3 18.6 20.0 22.2 25.5 26.0 27.6 27.6 

1000 10.2 11.8 15.4 16.1 17.0 18.6 22.1 22.9 24.4 24.6 
5000 7.1 8.6 12.2 13.5 13.9 14.8 17.3 18.1 19.4 19.7 

10000 5.6 7.2 10.1 12.1 12.5 13.1 15.2 15.9 17.1 17.5 
20000 3.8 5.4 7.9 9.6 10.1 11.0 12.5 13.3 14.3 14.7 
50000 2.5 3.6 5.3 6.3 7.1 7.9 8.9 9.7 10.5 10.8 

00 
N 
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STORM INDEX NO. 49 (GM 5-l) DATE 6/30-7/2/1932 
MOIST.ADJ .=116 RAINFALL CENTER STATE FISH HATCHERY ,TX 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 42 

10 13.3 19.5 
100 11.2 15.8 
200 10.3 14.3 

1000 7.7 10.5 
5000 4.8 6.8 

10000 3.6 5.2 

30.0 31.7 32.9 33.6 33.7 
23.7 25.8 26.8 27.5 27.7 
21.2 23.8 24.9 25.5 25.7 
15.5 19.0 20.2 20.7 20.9 
9.8 13.5 14.9 15.3 15.6 
7.4 10.3 11.3 11.6 11.8 

20000 2.4 3.6 4.9 7.0 7. 7 7.9 8.1 

STORM INPEX NO. 50 (NA l-20A) 
RAINFALL CENTER SCITUATE,RI 

DATE 9/16-17/1932 
MOIST.ADJ.=l48 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

ARF.A 

SQ.MI. 6 
DURATION OF RAINFALL IN HOURS 

12 18 24 30 36 48 

10 7.0 10.2. 11.9 12.2 12.2 12.2 12.2 
200 6.8 10.2 11.1 11.6 11.6 11.6 11.6 

1000 5.8 8.6 9.5 10,2 10.2 10.2 10.2 
5000 4.0 6.5 j,3 7.9 8.1 8.2 8.2 

10000 3.2 5.5 6.5 6.9 7.2 7.4 7.5 

STORM INDEX NO. 51 (NA l-20B) DATE 9/16-17/1932 
RAINFALL CENTER RIPOGENUS DAM,ME MOIST.ADJ.=l27 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 

10 7.7 8.1 8.4 8.6 8.7 
100 6.9 8.0 8.3 8.5 8.6 
200 6.5 7.8 8.1 8.3 8.5 

1000 5.2 7.2 7.5 7.7 7.9 
5000 3.6 6.1 6.4 6.7 6.9 

10000 3.0 5.5 5.9 6.3 6.5 

DATE 4/3-4/1934 STORM INDEX NO. 53 (SW 2-11) 
RAINFALL CENTER CHEYENNE,OK MOIST, ADJ. =149 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 

10 17.3 20.8 21.3 
100 14.4 17.1 17.7 
200 13.3 15.7 16.4 

1000 9.1 10.7 11.1 

STORM INDEX NO. 54 (LMV 4-21) DATE 5/16-20/1935 
RAINFALL CENTER SIMMESPORT,LA MOIST.ADJ.=l28 

MAXIMUM AVERAGE DEPTH .OF RAINFALL IN INCHES 

AREA 

SQ.MI. 6 
DURATION OF RAINFALL IN HOURS 

12 18 24 30 36 48 60 72 96 

10 13.8 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 
100 13.1 13.2 13.3 13.3 13.3 13.3 13.3 13.3 13.4 13.4 
200 12.5 12.6 12.7 12.7 12.7 12.7 12.7 12.7 12.8 12.8 

1000 10.2 10.3 10.4 10.4 10.5 10.7 10.8 10.8 10.911.0 
5000 7.1 7.6 7.7 7.7 8.1 8.3 8.7 8.8 8.8 8.8 

10000 5.7 6.2 6.3 6.4 6.9 7.2 7.7 7.8 7.8 7.8 
20000 4.1 4.7 4.9 5.0 5.5 5.7 6.5 6.6 6.7 6.8 
50000 2.0 2.6 2.9 3.2 3.4 3.7 4.6 4.9 5.0 5.3 

STORM INDEX NO. 56 ( - - ) 
RAINFALL CENTER HALE,CO 

DATE 5/30-31/1935 
MOIST.ADJ.=l22 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 

SQ.MI. 6 
DURATION OF RAINFALL IN HOURS 

12 18 24 

10 16.5 22.2 22.2 22.2 
100 11.0 15.4 15.4 15.4 
200 9.9 12.6 12.6 12.6 

1000 4.6 7.2 7.2 7.2 
5000 1.9 3.5 3.8 4.0 

00 
w 
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STORI-1 INDEX NO. 57 (GM 5-20) DATE 
RAINFALL CENTER WOODWARD RANCH,TX 

5/31/1935 
MOIST.ADJ.=121 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA DURATION OF RAINFALL IN HOURS 
SQ.MI. 6 10 

10 20.4 20.4 
100 16.3 16.5 
200 14.1 14.6 

1000 8.6 8.8 
5000 3.9 4.2 

STORM INDEX NO. 59 (NA 1-27) DATE 7/ 6-10/1935 
RAINFALL CENTER HECTOR,NY MOIST.ADJ.=122 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA DURATION OF RAINFALL IN HOURS 
SO.MI. 6 12 18 24 30 36 48 60 72 90 

10 5.2 10.2 11.4 11.8 12.0 13.4 14.2 14.2 14.2 14.2 
100 4.9 8.6 10.1 10.5 10.7 11.5 13.0 13.1 13.4 13.6 
200 4.7 8.0 9.6 10.0 10.3 10.9 12.5 12.6 12.9 13.2 

1000 4.0 6. 7 8.2 8.6 8.8 9.0 10.6 10.8 11.1 11.5 
5000 2. 7 4.8 5.9 6.4 6.6 6.8 7.7 8.2 8.5 8.7 

10000 2.1 3.7 4.6 5.1 5.4 5. 7 6.4 7.0 7.2 7.5 
20000 1.3 2.6 3.2 3. 7 4.1 4.5 5.1 5.6 5.9 6.2 

STORM INDEX NO. 65 ( - - ) 
RAINFALL CENTER SNYDER,TX 

DATE 6/19-20/1939 
MOIST. ADJ. =128 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA DURATION OF RAINFALL IN HOURS 
SQ.MI. 6 

10 18.8 
100 14.2 
200 11.9 

1000 6.5 

STOR!-1 INDEX NO. 67 (MR 4-5) DATE 6/3-4/1940 
MOIST.ADJ.=163 RAINFALL CENTEI\ GRANT TOWNSHIP,NB 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA DURATION OF RAINFALL IN HOURS 
SQ.MI. 6 12 18 

10 13.0 13.0 13.0 
100 10.6 11.7 11.7 
200 9.6 11.2 11.2 

1000 7.2 8.9 9.0 
5000 4.2 5.5 5.7 

10000 3.1 4.4 4.6 
20000 2.1 3.3 3.5 

STORM INDEX NO. 68 (NA 2-4) DATE 9/1/1940 
RAINFALL CENTER EWAN,NJ MOIST.ADJ.=122 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA DURATION OF RAINFALL IN HOURS 
SQ.MI. 6 12 

10 20.1 22.7 
100 17.1 18.8 
200 15.0 16.5 

1000 8.8 10.5 

STORM INDEX NO. 69 (SW 2-18) 
RAINFALL CENTEI\ HALLETT,OK 

DATE 9/2-6/1940 
MOIST.ADJ.=141 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA DURATION OF RAINFALL IN HOURS 
SQ.MI. 6 12 18 24 30 36 48 54 

10 18.4 23.4 23.6 23.6 23.6 23.6 23.6 23.6 
100 14.7 19.2 19.4 19.6 19.7 19.8 19.8 19.8 
200 12.5 17.6 17.8 18.0 18.1 18.2 18.3 18.3 

1000 7.9 13.3 13.4 13.6 13.7 14.0 14.1 14.1 
5000 4.3 7.3 7.4 7.5 7.7 7.8 7.9 8.0 

10000 3.0 5.3 5.4 5.5 5.6 5.7 5.8 5.9 
20000 2.0 3.9 4.1 4.2 4.3 4.4 4.5 4.6 

00 
.J:'-
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STORM INDEX NO. 71 (UMV 1-22} 
RAINFALL CENTER HAYWARD, WI 

DATE 8/28-31/1941 
MOIST.ADJ.=134 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 

SQ.MI. 
DURATION OF RAINFALL IN HOURS 

6 12 18 24 30 36 48 60 72 

10 8.5 11.5 12.4 12.4 13.3 13.8 14.4 15.0 15.0 
100 8.1 11.0 11.8 11.8 12.7 13.3 13.8 14.3 14.5 
200 7.8 10.6 11.3 11.3 12.3 13.0 13.4 13.9 14.1 

1000 5.6 8.2 9.0 
5000 3.0 5.2 5.9 

10000 2.1 3.8 4.6 
20000 1.5 2.7 3.4 
50000 .9 1.6 2.1 

9.1 10.0 10.9 11.5 11.9 12.0 
6.3 7.2 8.1 8.9 9.3 9.5 
5.1 5.9 6.8 7.8 8.2 8.4 
3.8 4.7 5.5 6.5 7.1 .7.3 
2.5 3.1 3.6 4.5 5.1 5.2 

STORM INDEX NO. 74 (OR 9-23} 
RAINFALL CENTER SMETHPORT, PA 

DATE 7/17-18/1942 
MOIST.ADJ .=110 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 

10 24.7 26.7 28.7 29.2 
100 16.4 19.4 21.8 22.4 
200 13.1 16.8 19.3 19.9 

1000 6.4 10.3 12.6 13.3 

STORM INDEX NO. 76 (SA 1-28A} DATE 10/11-17/1942 
RAINFALL CENTER BIG MEADOWS,VA MOIST.ADJ.=148 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 6.0 8.4 10.9 13.4 14.2 15.6 17.4 18.4 18.7 18.8 
100 4.3 6.0 9.2 11.2 12.5 13.8 16.6 18.0 18.4 18.6 
200 3.9 5.6 8.6 10.5 11.8 13.0 16.1 17.5 17.8 18.1 

1000 3.1 4.9 7.4 9.1 10.3 11.1 13.8 15.0 15.3 15.5 
5000 2. 3 3.8 5.9 7.2 8.1 8.9 10.7 11.6 11.8 12.1 

10000 1.8 3.2 4.5 5. 7 6.5 7.1 8.9 9.6 9.8 10.1 
20000 1.1 2.2 3.0 3.9 4.6 5.1 6.8 7.3 7.5 7.9 

STORM INDEX NO. 77 (SW 2-20} 
RAINFALL CENTER WARNER,OK 

DATE 5/6-12/1943 
MOIST.ADJ.=141 

MAXIMUM AvERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 9.9 12.3 14.6 17.2 19.5 21.5 24.4 24.9 24.9 24.9 
100 8.7 10.8 12.4 14.9 17.1 19.3 21.8 22.5 22.5 22.5 
200 7.4 9.5 11.4 13.8 16.0 18.3 20.6 21.3 21.3 21.3 

1000 4.3 6.3 9.0 11.1 13.3 15.4 17.1 18.0 18.0 18.0 
5000 3.0 4.5 6.8 8.3 10.5 12.1 13.4 14.4 14.4 14.4 

10000 2.6 3.9 5.8 7.2 9.1 10.4 11.7 12.6 12.6 12.8 
20000 2.1 3.3 4.9 6.1 7.6 8.7 10.0 10.7 10.8 11.1 
50000 1. 6 2. 5 3. 7 4. 6 5. 7 6. 5 7. 7 8.1 8. 3 8. 8 

STORM INDEX NO. 78 (MR 6-15} 
RAINFALL CENTER STANTON, NB 

DATE 6/10-13/1944 
MOIST.ADJ .=141 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 78 

10 13.4 15.3 15.3 15.3 15.3 15.3 16.2 16.4 16.7 16.7 
100 11.7 13.6 13.6 13.6 13.6 13.7 14.8 14.9 15.1 15.1 
200 11.1 12.9 12.9 12.9 12.9 13.1 14.1 14.3 14.4 14.4 

1000 7.8 9.0 9.3 9.3 9.3 9.4 10.1 10.4 10.4 10.4 
5000 3.4 4.0 4;2 4.6 4.7 4.9 5.3 5.5 5.7 5.8 

10000 2.2 2.5 2.7 3.5 3.9 4.1 4.5 4.7 4.9 5.0 

STORM INDEX NO. 80 (MR 7-28} DATE 8/12-16/1946 
RAINFALL CENTER COLLINSVILLE,IL MOIST.ADJ.=121 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

10 6.0 
100 5.6 
200 5.4 

1000 4.9 
5000 3.3 

10000 2.4 
20000 1. 5 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

9. 8 12.1 12.1 13.7 17. 5 17.6 18.3 18.3 18.9 
8.8 10.9 11.1 13.2 16.6 16.7 17.5 17.6 18.0 
8.3 10.5 10.6 13.0 16.2 16.3 17.2 17.3 17.7 
7.0 8.9 9.0 12.6 14.7 14.8 15.9 16.0 16.3 
4.8 5.9 6.0 8.6 10.4 10.6 11.3 11.4 11.6 
3.7 4.5 4.6 6.6 8.0 8.2 8.7 8.8 9.0 
2.5 3.1 3.2 4.6 5.6 5.8 6.0 6.1 6.3 

00 
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APPENDIX - - IMPORTANT STORMS 

STORM INDEX NO. 82 ( - - ) 
RAINFALL CENTER DEL RIO,TX 

DATE 6/23-24/1948 
MOIST.ADJ.=121 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SO.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 

10 13.2 20.7 25.2 26.2 
100 11.3 18.2 22.5 23.8 
200 10.3 16.9 21.1 22.5 

1000 7.7 13.6 16.8 17.9 
5000 4.7 8.0 9.9 10.8 

10000 3.2 5.5 6.8 7.2 

STORM INDEX NO. 85 (SA 5-8) DATE 9/3-7/1950 
RAINFALL CENTER YANKEETOWN,FL MOIST.ADJ.=110 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 16.0 28.6 36.3 38.7 40.6 41.8 43.1 44.7 45.2 45.2 
100 14.0 26.3 32.5 35.2 36.5 37.9 38.9 40.2 40.6 40.8 
200 13.4 25.6 31.4 34.2 35.3 36.7 37.7 38.8 39.2 39.6 

1000 11.4 22.6 27.4 30.2 31.6 32.9 33.7 34.4 34.9 35.4 
5000 5.4 9.7 13.3 15.5 17.5 18.4 19.7 20.2 21.0 21.8 

10000 3.3 6.6 8.610.6 12.1 13.1 14.7 15.6 16.4 17.3 
20000 2.3 4.3 5.8 7.5 8.8 9.6 11.2 12.5 13.5 14.2 

STORM INDEX NO. 86 (MR 10-2) DATE 7/9-13/1951 
RAINFALL CENTER COUNCIL GROVE,KS MOIST.ADJ.=128 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 

DURATION OF RAINFALL IN HOURS 
6 12 18 24 30 36 48 60 72 96 

10 5.3 7.0 7.9 8.6 11.8 13.1 14.3 17.2 18.2 18.2 
100 4.7 6.4 7.4 7.9 10.6 12.4 13.8 16.3 17.5 17.5 
200 4.6 6.2 7.2 7.5 10.2 12.0 13.3 15.9 17.0 17.0 

1000 4.0 5.5 6.3 6.6 9.0 10.5 11.5 14.2 15.5 15.5 
5000 3.4 4.5 5.1 5.4 7.2 8.4 9.3 11.7 13.0 13.1 

10000 2.9 3.9 4.4 4.8 6.2 7.3 
20000 2.4 3.2 3. 7 4.1 5.1 6.1 
50000 1.3 2.0 2.5 2.8 3.4 4.0 

8.2 10.4 11.4 11.5 
6.9 8.6 9.4 9.6 
4.7 5.8 6.3 6.5 

STORM INDEX NO. 87 (MR 10-8) 
RAINFALL CENTER RITTER, IA 

DATE 6/7/1953 
MOIST.ADJ.=17l 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 

DURATION OF RAINFALL IN HOURS 
6 12 20 

10 9.1 10.5 10.7 
100 7.4 9.4 10.0 

1000 6.1 7.9 8.4 
5000 4.4 5.9 6.5 

10000 3.5 4.8 5.4 

STORM INDEX NO. 88 (SW 3-22) 
RAINFALL CENTER VIC PIERCE,TX 

DATE 6/23-28/1954 
MOIST.ADJ .=116 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 

10 16.0 20.1 22.5 26.7 30.7 32.0 34.6 34.6 34.6 
100 12.6 16.5 19.7 23.6 27.6 29.2 31.5 31.5 31.5 
200 10.9 14.9 18.6 22.5 25.9 27.5 29.5 29.5 29.5 

1000 6.6 9.7 14.6 18.4 20.1 21.5 23.0 23.0 23.0 
5000 2.8 4.9 7.4 8.9 10.4 11.9 13.7 14.3 14.3 

10000 1.7 3.2 4.7 5.7 7.1 8.0 9.8 10.4 10.5 
20000 1.2 2.0 2.8 3.6 4.5 5.2 6.5 7.0 7.2 

STORM INDEX NO. 90 (ONT 10-54) DATE 10/14-15/1954 
RAINFALL CENTER NR. BOLTON,CANADA MOIST.ADJ.=122 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 

SQ.MI. 6 
DURATION OF RAINFALL IN HOURS 

12 ~ 30 48 78 

10 5.4 7.2 9.0 9.4 10.0 10.4 
100 4.6 6.5 8.1 8.5 8.9 9.2 
200 4.4 6.2 7.5 8.1 8.5 8.8 

1000 3.6 5.2 6.4 6.8 7.3 7.5 
5000 2.1 3.4 4.8 5.4 5.8 6.2 

10000 
20000 

1.6 2.7 
1.1 2.1 

4.2 
3.4 

4.6 5.3 
3.9 4.6 

5.5 
4.9 

00 
0\ 
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APPENDIX - - IMPORTANT STORMS 

STORM INDEX NO. 91 (NA 2-22A) 
RAINFALL CENTER WESTFIELD ,MA 

DATE 8/17-20/1955 
MOIST. ADJ. =110 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 

10 7.8 11.1 13.0 16.4 18.5 18.9 19.4 19.4 
100 7.6 10.5 11.6 14.6 17.6 18.1 18.8 19.0 
200 7.4 10.2 11.4 14.2 17.1 17.6 18.2 18.4 

1000 6.2 9.2 10.2 12.4 15.4 15.9 16.2 16.4 
5000 4.0 6.3 7.9 9.5 11.7 12.1 12.6 13.0 

10000 3.1 5.0 6.5 8.0 9.7 10.0 10.6 10.8 
20000 2.1 3.6 4.9 6.3 7.6 7.9 8.3 8.5 

STORM INDEX NO. 93 (QUE 8-57) DATE 8/3-4/1957 
RAINFALL CENTER ST.PIERRE BAPTISTE,CANADA MOIST.ADJ .=121 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 

100 8.4 8.6 8.7 
200 7.5 7.6 7.8 

1000 4.4 5.2 5.4 
5000 2.4 3.1 3.3 

STORM INDEX NO. 97 (SW 3-24) DATE 
RAINFALL CENTER SOMBRERETILLO ,MEXICO 

9/19-24/1967 
MOIST.ADJ.=116 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 9.2 12.2 15.2 18.7 21.8 24.8 26.2 32.0 32.0 32.5 
100 7.3 10.4 13.2 17.6 20.7 21.7 23.9 30.0 30.0 30.9 
200 6.7 9.7 12.3 16.4 19.2 20.3 23.0 28.8 28.8 29.9 

1000 
5000 

10000 
20000 

5.3 7.9 10.0 11.9 14.4 16.8 20.3 23.8 25.1 26.0 
3.7 5.8 7.6 8.9 10.8 13.1 17.2 19.2 20.7 21.7 
3.1 4.9 6.5 7.8 9.5 11.4 15.2 17.3 18.5 20.0 
2.4 4.0 5.4 6.7 8.1 9.8 13.0 15.0 16.3 18.2 

50000 1.4 2. 7 3.9 5.1 6.3 7.6 9.9 11.9 13.2 15.6 

STORM INDEX NO. 99 (NA 2-23) 
RAINFALL CENTER TYRO, VA 

DATE 8/19-20/1969 
MOIST. ADJ. =105 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 

10 14.2 25.4 25.4 
100 12.9 21.7 21.7 
200 11.7 19.6 19.6 

1000 8.1 13.5 13.5 
5000 4.4 7.5 8.0 

10000 3.3 5.8 6.3 

STORM INDEX N0.100 (NA 2-24A) 
RAINFALL CENTER ZERBE,PA 

DATE 6/19~23/1972 
MOIST.ADJ.=121 

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES 

AREA 
SQ.MI. 6 

DURATION OF RAINFALL IN HOURS 
12 18 24 30 36 48 60 72 96 

10 8.0 11.9 13.3 14.3 15.8 16.9 17.8 18.3 18.5 18.6 
100 7.1 10.9 12.5 13.7 15.3 16.0 16.7 17.3 17.4 17.5 
200 6.6 10.4 12.0 13.4 15.0 15.6 16.3 16.8 16.9 17.0 

1000 5.3 8.9 10.5 12.3 13.8 14.4 14.9 15.2 15.3 15.4 
5000 3.8 6.8 8.4 10.0 11.2 12.0 12.6 12.9 13.0 13.2 

10000 3.2 5.7 7.3 8.7 9.9 10.5 11.3 11.7 11.8 12.0 
20000 2.5 4.4 6.0 7.3 8.3 8.9 9.9 10.4 10.5 10.7 
50000 1.6 2.8 4.1 5.1 5.9 6.6 7.7 8.4 8.6 8.8 

00 
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PREFACE 

This publication is intended as a convenient summary of empirical relationships, working guides, and maps, useful 
in practical problems requiring rainfall frequency data. It is an outgrowth of several previous Weather Bureau 
publications on this subject prepared under the direction of the author and contains an expansion and generalization 
of the ideas and results in earlier papers. This work has been supported and financed by the Soil Conservation Service, 
Department of Agriculture, to provide material for use in developing planning and design criteria for the Watershed 
Protection and Flood Prevention program (P.L. 566, 83d Congress and as amended). 

The paper is divided into two parts. The first part presents the rainfall analyses. Included are measures of the 
quality of the various relationships, comparisons with previous works of a similar nature, numerical examples, discus
sions of the limitations of the results, transformation from point to areal frequency, and seasonal variation. The second 
part presents 49 rainfall frequency maps based on a comprehensive and integrated collection of up-to-date statistics, 
several related maps, and seasonal variation diagrams. The rainfall frequency (isopluvial) maps are for selected 
durations from 30 minutes to 24 hours and return periods from 1 to 100 years. 

This study was prepared in the Cooperative Studies Section (Joseph L. H. Paulhus, Chief) of Hydrologic Services 
Division (William E. Hiatt, C¥ef). Coordination with the Soil Conservation Service, Department of Agriculture, was 
maintained through Harold 0. Ogrosky, Chief, Hydrology Branch, Engineering Division. Assistance in the study was 
received from several .people. In particular, the author wishes to acknowledge the help of William E. Miller who 
programmed the frequency and duration functions and supervised the processing of all the data; Normalee S. Foat 
who supervised the collection of the basic data.; Howard Thompson who prepared the maps for analysis; Walter T. 
Wilson, a former colleague, who was associated with the development of a large portion of the material presented here; 
Max A. Kohler, A. L. Shands, and Leonard L. Weiss, of the Weather Bureau, and V. Mockus and R. G. Andrews, of 
the Soil Conservation Service, who reviewed the manuscript and made many helpful suggestions. Caroll W. Gardner 
performed the drafting. 
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INTRODUCTION 
Historical review 

Unttl about 1g53, economic and engineering design requiring rain
fall frequency data was based largely on Yarnell's paper [1] which 
contains a series of generalized maps for several combinations of 
duratwns and return periods. Yarnell's maps are based on data 
from about 200 first-order Weather Bureau stations which main
tained complete recording-gage records. In 1g40, about 5 years 
after Yarnell's paper was published, a hydrologic network of record
ing gages was installed to supplement both the Weather Bureau 
recording gages and the relatively larger number of nonrecording 
gages. The additional recording gages have subsequently increased 
the amount of short-duration data by a factor of 20. 

WPather Bureau Technical Paper No. 24, Parts I and II [2], pre
pared for the Corps of Engineers in connection with their military 
construction program, contained the first studies covering an ex
tendPd area which exploited the hydrologic network data. The 
results of this work showed the importance of the additional data in 
defining the short-duration rainfall frequency regime in the moun
tainous regions of the West. In many instances, the differences 
between Technical Paper No. 24 and Yarnell reach a factor of three, 
with t.he former generally being larger. Relationships developed and 
knowledge gained from these studies in the United States were then 
used to prepare similar reports for the coastal regions of North 
Arrica [3] and several Arctic regions [4] where recording-gage data 
were lacking. 

Cooperation between the Weather Bureau and the Soil Conserva
tion Service began in 1g55 for the purpose of defining the depth
urea-duration-frequency regime in the United States. Technical 
Paper No. 25 [5], which was partly a by-product of previous work 
performed for the Corps of Engineers, was the first paper published 
under the sponsorship of the Soil Conservation Service. This paper 
contains a series of rainfall intensity-duration-frequency curves for 
200 first-order Weather Bureau stations. This was followed by 
Technical Paper No. 28 [6], which is an expansion of Technical Paper 
No. 24 to longer return periods and durations. Next to be published 
were the five parts of the Technical Paper No. 29 series [7], which cover 
thP rPgion east of go• W. Included in this series are seasonal var.ia
tion on a frequency basis and area-depth curves so that the pomt 
frequency values can be transformed to areal frequency. Except 
for the region between go• W. and 105° W., the contiguous United 
States has been covered by generalized rainfall frequency studies 
prepared by the Weather Bureau since 1g53, 

General approach 

The approach followed in the present study is basically that 
utilized in [6] and [7]. In these references, simplified duration and 
return-period relationships and several key maps were used to deter
mine additional combinations of return periods and durations. In 
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this study, four key maps provided the basic data for these two 
relationships which were programmed to permit digital computer 
computations for a 3500-point grid on each of 45 additional maps. 

PART I: ANALYSES 

Basic data 

Types of data.-The data used in this study are divided into three 
categories. First, there are the recording-gage data from the long
record first-order Weather Bureau stations. There are 200 such 
stations with records long enough to provide adequate results within 
the range of return periods of this paper. These data are for the 
n-minute period containing the maximum rainfall. Second, there 
are the recording-gage data of the hydrologic network which are 
published for clock-hour intervals. These data were processed for 
the 24 consecutive clock-hour intervals containing the maximum 
rainfall-not calendar-day. Finally, there is the very large amount 
of nonrecording-gage data with observations made once daily. Use 
was made of these data to help define both the 24-hour rainfall 
regime and also the shorter duration regimes through applications of 
empirical relationships. 

Station data.-The sources of data are indicated in table 1. The 
data from the 200 long-record Weather Bureau stations were used to 
develop most of the relationships which will be described later. Long 
records from more than 1600 stations were analyzed to define the 
relationships for the rarer frequencies (return periods), and statistics 
from short portions of the record from about 5000 stations were used 
as an aid in defining the regional pattern for the 2-year return period. 
Several thousand additional stations were considered but not plotted 
where the station density was adjudged to be adequate. 

Period and length of record.-The nonrecording short-record data 
were compiled for the period 1g38-1g57 and long-record data from 
the earliest year available through 1g57, The recording-gage data 
cover the period 1g40-1g58. Data from the long-record Weather 
Bureau stations were processed through 1g58. No record of less 
than five years was used to estimate the 2-year values. 

TABLE I.-Sources of potnl ratnfal! data 

Duration 

30-min. to 24-hr _________________ _ 
Hourly _______ ----- ___ ---- ______ _ 
Dailv (recordmg) -- ____ -- ----- ___ _ 

No. of 
stattons 

Average Reference 
length of No. 

record (yr.) 

Clock-hour vs. 60-minute and observational-day vs. 1440-minute 
rainfall.-In order to exploit the clock-hour and observational-day 
data, it was necessary to determine their relationship to the 60-
minute and 1440-minute periods containing the maximum rainfall. 
It was found that 1.13 times a rainfall value for a particular return 
period based on a series of annual maximum clock-hour rainfalls 
was equivalent to the amount for the same return period obtained 
from a series of 60-minute rainfalls. By coincidence, it was found 
that the same factor can be used to transform observational-day 
amounts to corresponding 1440-minute return-period amounts. The 
equation, n-year 1440-minute rainfall (or 60-minute) equals 1.13 
times n-year observational-day (or clock-hour) rainfall, is not built 
on a causal relationship. This is an average index relationship 
because the distributions of 60-minute and 1440-minute rainfall are 
very irregular or unpredictable during their respective time inter
vals. In addition, the annual maxima from the two series for the 
same year from corresponding durations do not necessarily come 
from the same storm. Graphical comparisons of these data are pre
sented in figure 1, which shows very good agreement. 

24 consecutive clock-hour rainfall vs. 1440-minute rai1ifall.-The 
recording-gage data were collected from published sources for the 
24 consecutive clock-hours containing the maximum rainfall. Be-
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cause of the arbitrary beginning and ending on the hour, a series 
of these data provides statistics which are slightly smaller in mag
nitude than those from the 1440-minute series The average bias 
was found to be approximately one percent. All such data in this 
paper have been adjusted by this factor. 

Station ezposure.-In refined analysis of mean annual and mean 
seasonal rainfall data it is necessary to evaluate station exposures 
by methods such as double-mass curve analysis [14]. Such methods 
do not appear to apply to extreme values. Except for some sub
jective selections (particularly for long records) of stations that have 
had consistent exposures, no attempt has been made to adjust rain
fall values to a standard exposure. The effects of varying exposure 
are implicitly included in the areal sampling error and are probably 
averaged out in the process of smoothing the isopluviallines. 

Rain or snow.-The term rainfall has been used in reference to 
all durations even though some snow as well as rain is included in 
some of the smaller 24-hour amounts for the high-elevation stations. 
Comparison of arrays of all ranking snow events with those known 
to have only rain has shown trivial differences in the frequency 
relations for several high-elevation stations tested. The heavier 
(rarer frequency) 24-hour events and all short-duration events con
sist entirely of rain. 
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2-YEAR OBSERVATIONAL-DAY RAINFALL (INCHES) 
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13 FIGURE !.-Relation between 2-year 60-minute rainfall and 2-year clock-hour rainfall; relat10n between 2-year 1440-minute rainfall and 2-year observational-day 

rainfall. 

1 



12 

"'"" II 

I-
10 

I-

9 

iii 
I-

UJ 8 :r 
() -z 

7 
:r 
f-

I-
a. 6 UJ 
0 

"'"" --' 
--' 5 
<l 
lL I-z 
4: 4 a: 

I-

3 

"'"" 2 

-

I-

0 
I 2 3 6 12 

DURATION (HOURS) 

FIGURE 2.-Rainfall depth-duration diagram. 
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Duration interpolation diagram.-A generalized duration relation
ship was developed with which the rainfall depth for e. selected 
return period can be computed for any duration between 1 and 24 
hours, when the 1- and 24-hour values for that particular return 
period are given (see fig. 2). This generalization was obtained 
empiiice.lly from date. for the 200 W ee.ther Bureau first-order sta
tions. To use this diagram, a. straightedge is laid across the values 
given for 1 and 24 hours and the values for other durations are read 
at the proper intersections. The quality of this relationship for the 
2- and 6-hour durations is illustrated in figures 3 and 4 for stations 
with a. wide range in rainfall magnitude. 

Relationship between SO-minute and 60-minute rainjaU.-If e. 30-
minute ordinate is positioned to the left of the 60-minute ordinate 
on the duration interpolation diagram of figure 2, acceptable esti
mates can be made of the 30-minute rainfall. This relationship 
was used in several previous studies. However, tests showed that 
better results can be obtained by simply multiplying the 60-minute 
rainfall by the average 30- to 60-minute ratio. The empirical re
lationship used for estimating the 30-minute rainfall is 0.79 times 
the 60-minute rainfall. The quality of this relationship is illustrated 
in figure 5. 

Frequency anBlysis 

Two types of series.-This discussion requires consideration of two 
methods of selecting and analyzing intense rainfall date.. One 
method, using the partial-duration series, includes all the high values. 
The other uses the annual series which consists only of the highest 
value for each year. The highest value of record, of course, is the 
top value of each series, but at lower frequency levels (shorter return 
periods) the two series diverge. The partial-duration series, having 
the highest values regardless of the year in which they occur, recog
nizes that the second highest of some year occasionally exceeds the 
highest of some other year. The purposes to be served by the atlas 
require that the resnlts be expressed in terms of partial-duration 
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FIGURE a.-Relation between observed 2-year 2-hour rainfall and 2-year 2-hour 
rainfall computed from duration diagram. 
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FIGURE 4.-Relation between observed 2-year 6-hour rainfall and 2-year 6-hour 
rainfall computed from duration diagram. 

frequencies. In order to avoid laborious processing of partial
duration date., the annual series were collected, analyzed, and the 
resulting statistics transformed to partial-duration statistics. 

Conversionjactorsjor two series.-Te.ble 2, based on e. sample of a. 
number of widely scattered W ee.ther Bureau first-order stations, 
gives the empirical factors for converting the partial-duration series 
to the annual series. 
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EXAMPLE. If the 2-, 6-, and 10-year partial-duration series values 
estimated from the maps at a particular point are 3.00, 3. 75, and 4.21 
inches, respectively, what are the annual series values for corresponding 
return periods? Multiplying by the appropriate conversion factors of 
table 2 gives 2.64, 3.60, and 4.17 inches. 
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The quality of the relationship between the mean of the partial
duration series and the mean of the annual series data for the 1-, 6-, 
and 24-hour durations is illustrated in figure 6. The means for both 
series are equivalent to the 2.3-year return period. Tests with 
samples of record length from 10 to 50 years indicate that the factors 
of table 2 are independent of record length. 

TABLE 2.-Empirical factors for converting partial-duration 
series to annual aeries 

Return period 

2-year ____ --- _______ ------------ --5-year _ .. _________________________ _ 

10-year _- ___ --- _------------------

Conversion factor 

0. 88 
0. 96 
0. 99 

Frequency consideratioM.-Extreme values of rainfall depth form 
a frequency distribution which may be defined in terms of its mo
ments. Investigations of hundreds of rainfall distributions with 
lengths of record ordinarily encountered in practice (less than 50 
years) indicate that these records are too short to provide reliable 
statistics beyond the first and second moments. The distribution 
must therefore be regarded as a function of the first two moments. 
The 2-year value is a measure of the first moment-the central 
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tendency of the distribution. The relationship of the 2-year to the 
100-year value is a measure of the second moment-the dispersion 
of the distribution. These two parameters, 2-year and 100-year 
rainfall, are used in conjunction with the return-period diagram of 
figure 7 for estimating values for other return periods. 

OoMtruction of return-period diagram.-The return-period diagram 
of figure 7 is based on data from the long-record Weather 
Bureau stations. The spacing of the vertical lines on the diagram 
is partly empirical and partly theoretical. From 1 to 10 years it is 
entirely empirical, based on freehand curves drawn through plottings 
of partial-duration series data. For the 20-year and longer return 
periods reliance was placed on the Gumbel procedure for fitting 
annual series data to the Fisher-Tippett type I distribution [15]. 
The transition was smoothed subjectively between 10- and 20-year 
return periods. If rainfall values for return periods between 2 and 
100 years are taken from the return-period diagram of figure 7, con
verted to annual series values by applying the factors of table 2, and 
plotted on either Gumbel or log-normal paper, the points will very 
nearly approximate a straight line. 
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FIGURE B.-Distribution of 1-hour stations. 

Use of diagram.-The two intercepts needed for the frequency 
relation in the diagram of figure 7 are the 2-year values obtained 
from the 2-year maps and the 100-year values from the 100-year 
maps. Thus, given the rainfall values for both 2- and 100-year 
return periods, values for other return periods are functionally 
related and may be determined from the frequency diagram which is 
entered with the 2- and 100-year values. 

General applicability of return-period relationship.-Tests have 
shown that within the range of the data and the purpose of this 
paper, the return-period relationship is also independent of duration. 
In other words, for 30 minutes, or 24 hours, or any other duration 
within the scope of this report, the 2-year and 100-year values 
define the values for other return periods in a consistent manner. 
Studies have disclosed no regional pattern that would improve the 
return-period diagram which appears to have application over the 
entire United States. 

Secular trend.-The use of short-record data introduces the ques
tion of possible secular trend and biased sample. Routine tests with 
subsamples of equal size from different periods of record for the same 
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station showed no appreciable trend, indicating that the direct use 
of the relatively recent short-record data is legitimate. 

Storms combined into one distribution.-The question of whether a 
distribution of extreme rainfall is a function of storm type (tropical 
or nontropical storm) has been investigated and the results presented 
in a recent paper [16]. It was found that no well-defined dichotomy 
exists between the hydrologic characteristics of hurricane or tropical 
storm rainfall and those of rainfall from other types of storms. The 
conventional procedure of analyzing the annual maxima without 
regard to storm type is to be preferred because it avoids non
systematic sampling. It also eliminates having to attach a storm
type label to the rainfall, which in some cases of intermediate storm 
type (as when a tropical storm becomes extratropical) is arbitrary. 

Predictive value of theoretical distribution.-Estimation of return 
periods requires an assumption concerning the parametric form of 
the distribution function. Since less than 10 percent of the more 
than 6000 stations used in this study have records for 60 years .or 
longer, this raises the question of the predictive value of the results
particularly, for the longer return periods. As indicated previously, 
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reliance was placed on the Gumbel procedure for fitting data to the 
Fisher-Tippett type I distribution to determine the longer return 
periods. A recent study [17) of 60-minute data which was designed 
to appraise the predictive value of the Gumbel procedure provided 
definite evidence for its acceptability. 

lsopluvial maps 

Methodology.-The factors considered in the construction of the 
isopluvial maps were availability of data, reliability of the return 
period estimates, and the range of duration and return periods re
quired for this paper. Because of the large amount of data for the 
1- and 24-hour durations and the relatively small standard error 
associated with the estimates of the 2-year values, the 2-year 1- and 
24-hour maps were constructed first. Except for the 30-minute 
duration, the 1- and 24-hour durations envelop the durations required 
for this study. The 100-year 1- and 24-hour maps were then pre
pared because this is the upper limit of return period. The four key 
maps: 2-year 1-hour, 2-year 24-hour, 100-year 1-hour, and 100-year 
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FIGURE D.-Distribution of 24-hour stations. 

24-hour, provided the data to be used jointly with the duration and 
frequency relationships of the previous sections for obtaining values 
for the other 45 maps. This procedure permits variation in two 
directions-one for duration and the other for return period. The 
49 isopluvial maps are presented in Part II as Charts 1 to 49. 

Data for 2-year 1-hour map.-The dot map of figure 8 shows the 
location of the stations for which data were actually plotted on the 
map. Additional stations were considered in the analysis but not 
plotted in regions where the physiography could have no conceivable 
influence on systematic changes in the rainfall regime. All available 
recording-gage data with at least 5 years of record were plotted for 
the mountainous region west of 104° W. In all, a total of 2281 
stations were used to define the 2-year 1-hour pattern of which 60 
percent are for the western third of the country. 

Data for 2-year 24--hour map.-Figure 9 shows the locations of the 
6000 stations which provided the 24-bour data used to define the 
2-year 24-bour isopluvial pattern. Use was made of most of the 
stations in mountainous regions including those with only 5 years of 
record. As indicated previously, the data have been adjusted where 

necessary so that they are for the 1440-minute period containing 
the maximum rainfall rather than observational-dH.Y. 

Smoothing of 2-year 1-hour and 2-year 24--hour i8opluvial lines.
The manner of construction involves the question of bow much to 
smooth the data, and an understanding of the problem of data 
smoothing is necessary to the most effective use of the maps. The 
problem of drawing isopluviallines through a field of data is analo
gous in some important respects to drawing regression lines through 
the data of a scatter diagram. Just as isolines can be drawn so as to 
fit every point on the map, an irregular regression line can be drawn 
to pass through every point; but the complicated pattern in each 
case would be unrealistic in most instances. The two qualities, 
smoothness and fit, are basically inconsistent in the sense that 
smoothness may not be improved beyond a certain point without 
some sacrifice of closeness of fit, and vice versa. The 2-year 1- and 
24-bour maps were deliberately drawn so that the standard error of 
estimate (the inherent error of interpolation) was commensurate 
with the sampling and other errors in the data and methods of 
analysis. 

Ratio of 100-year to 2-year 1- and 24--hour rainjall.-Two working 
maps were prepared showing the 100-year to 2-year ratio for the l
and 24-hour durations. In order to minimize the exaggerated effect 
-that an outlier (anomalous event) from a short record has on the 
magnitude of thll 100-year value, only the data from stations with 
minimum record lengths of 18 years for the 1-hour and 40 years for 
the 24-hour were used in this analysis. As a result of the large sam
pling errors associated with these ratios, it is not unusual to find a 
station with a ratio of 2.0 located near a 3.0 ratio even in regions 
where orographic influences on the rainfall regime are absent. As 
a group, the stations' ratios mask out the station-to-station dis
parities and provide a more reliable indication of the direction of 
distribution than the individual station data. A macro-examination 
revealed that some systematic geographical variation was present 
which would justify the construction of smoothed ratio maps with 
a small range. The isopleth patterns constructed for the two maps 
are not identical but the ratios on both maps range from about 2.0 
to 3.0. The average ratio is about 2.3 for the 24-hour duration and 
2.2 for the 1-hour. 

100-year 1-hour and 24--hour maps.-The HiO-y~ar values which 
were computed for 3500 selected points (fig. 10) are the product of 
the values from the 2-year maps and the 100-year to 2-year ratio 
maps. Good definition of the complexity of pattern and steepness of 
gradient of the 2-year 1- and 24-hour maps determined the geo
graphically unbalanced grid density of figure 10. 

1,6 additional maps.-Tbe 3500-point grid of figure 10 was also used 
to define the isopluvial patterns of the 45 additional maps. Four 
values-one from each of the four key maps-were read for each 
grid point. Programming of the duration and return-period rela
tionships plus the four values for each point permitted digital com
puter computation for the 45 additional points. The isolines were 
positioned by interpolation with reference to numbers at the grid 
points. This was necessary to maintain the internal consistency of 
the series of maps. Pronounced "highs" and "lows" are positioned 
in consistent locations on all maps. Where the 1- to 24-hour ratio 
for a particular area is small, the 24-hour values have the greatest 
influence on the pattern of the intermediate duration maps. Where 
the 1- to 24-hour ratio is large, the 1-hour value appears to have the 
most influence on the intermediate duration pattern. 

Reliability of results.-The term reliability is used here in the 
statistical sense to refer to the degree of confidence that can be placed 
in the accuracy of the results. The reliability of results is influenced 
by sampling error in time, sampling error in space, and by the 
manner in which the maps were constructed. Sampling error in 
space is a result of the two factors: (1) the chance occurrence of an 
anomalous storm which has a disproportionate effect on one station's 
statistics but not on the statistics of a nearby station, and {2) the 
geographical distribution of stations. Where stations are farther 
apart than in the dense networks studied for this project, stations 
may experience rainfalls that are nonrepresentative of their vicinity, 
or may completely miss rainfalls that are representative. Similarly, 
sampling error in time results from rainfalls not occurring according 
to their average regime during a brief record. A brief period of 
record may include some nonrepresentative large storms, or may 
miss some important storms that occurred before or after the period 
of record at a given station. In evaluating the effects of areal and 
time sampling errors, it is pertinent to look for and to evaluate bias 
and dispersion. This is discussed in the following paragraphs. 

Spatial sampling error.-ln developing the area-depth relations, 
it was necessary to examine data from several dense networks. Some 
of these dense networks were in regions where the physiography could 
have little or no effect on the rainfall regime. Examination of these 
data showed, for example, that the standard deviation of point 
rainfall for the 2-year return period for a flat area of 300 square miles 
is about 20 percent of the mean value. Seventy 24-hour stations 
in Iowa, each with more than 40 years of record, provided another 
indication of the effect of spatial sampling error. Iowa's rainfall 
regime is not influenced locally by orography or bodies of water. 
The 2-year 24-hour isopluvials in Iowa show a range from 3.0 to 3.3 
inches. The average deviation of the 70 2-year values from the 



smoothed isopluvials is about 0.2 inch. Since there are no assignable 
causes for these dispersions, they must be regarded as a residual 
error in sampling the relatively small amount of extreme-value data 
available for each station. 

The geographical distribution of the stations used in the analysis 
is portrayed on the dot maps of figures 8 and 9. Even this relatively 
dense network cannot reveal very accurately the fine structure of 
the isopluvial pattern in the mountainous regions of the West. A 
measure of the sampling error is provided by a comparison of a 2-
year 1-hour generalized map for Los Angeles County (4000 square 
miles) based on 30 stations with one based on 110 stations. The 
average difference for values from randomly selected points from both 
maps was found to be approximately 20 percent. 

Sampling error in time. -Sampling error in time is present because 
the data at individual stations are intended to represent a mean 
condition that would hold over a long period of time. Daily data 
from 200 geographically dispersed long-record stations were analyzed 
for 10- and 50-year records to determine the reliability or level of 
confidence that should be placed on the results from the short-record 
data. The diagram of figure 11 shows the scatter of the means of 
the extreme-value distributions for the two different lengths of record. 
The slight bias which is exhibited is a result of the skewness of the 
extreme-value distribution. Accordingly, more weight was given to 
the longer-record stations in the construction of the isopluvials. 

Isoline interval.-The isoline intervals are 0.2, 0.5, or 1.0 inch 
depending on the range and magnitude of the rainfall values. A 
uniform interval has been used on a particular map except in the 
two following instances: (1) a dashed intermediate line has been 
placed between two widely separated lines as an aid to interpolation, 
and (2) a larger interval was used where necessitated by a steep 
gradient. "Lows" that close within the boundaries of the United 
States have been hatched inwardly. 

Maintenance of consistency.-Numerous statistical maps were 
made in the course of these investigations in order to maintain the 
internal consistency. In situations where it has been necessary to 
estimate hourly data from daily observations, experience has demon
strated that the ratio of 1-hour to corresponding 24-hour values for 
the same return period does not vary greatly over a small region. 
This knowledge served as a useful guide in smoothing the isopluvials. 
On the windward sides of high mountains in western United States, 
the 1- to 24-hour ratio is as low as 10 percent. In southern Arizona 
and some parts of midwestern United States, it is greater than 60 
percent. In general, except for Arizona, the ratio is less than 40 
percent west of the Continental Divide and greater than 40 percent 
to the east. There is a fair relationship between this ratio and the 
climatic factor, mean annual number of thunderstorm days. The 
two parameters, 2-year daily rainfall and the mean annual number 
of thunderstorm days, have been used jointly to provide an estimate 
of short-duration rainfalls [18]. A 1- to 24-hour ratio of 40 percent 
is approximately the average for the United States. 

Ezamination of physiographic parameters.-Work with mean 
annual and mean seasonal rainfall has resulted in the derivation of 
empirically defined parameters relating rainfall data to the physiog
raphy of a region. Elevation, slope, orientation, distance from 
moisture source, and other parameters have been useful in drawing 
maps of mean rainfall. These and other parameters were examined 
in an effort to refine the maps present.ed here. However, tests 
showed that the use of these parameters would result in no improve
ment in the rainfall-frequency pattern because of the sampling and 
other error inherent in values obtained for each station. 

Evaluation.-In general, the standard error of estimate ranges 
from a minimum of about 10 percent, where a point value can be 
used directly as taken from a flat region of one of the 2-year maps to 
50 percent where a 100-year value of short-duration rainfall must be 
estimated for an appreciable area in a more rugged region. 

Internal inconsistency.-{)n some maps the isoline interval does 
not reveal the fact that the magnitude does not vary linearly by 
interpolation. Therefore, interpolation of several combinations of 
durations and return periods for the point of interest might result 
in such inconsistencies as a 12-hour value being larger than a 24-

hour value for the same return period or that a 50-year value ex
ceeds the 100-year value for the same duration. These errors, 
however, are well within the acknowledged margin of error. If 
the reader is interested in more than one duration or return period 
this potential source of inconsistency can be eliminated by con
structing a series of depth-duration-frequency curves by fitting 
smoothed curves on logarithmic paper to the values interpolated 
from all49 maps. Figure 12 illustrates a set of curves for the point 
at 35° N., 90° W. The interpolated values for a particular duration 
should very nearly approximate a straight line on the return-period 
diagram of figure 7. 

Obsolescence.-Additional stations rather than longer records will 
speed obsolescence and lessen the current accuracy of the maps. 
The comparison with Yarnell's paper [1] is a case in point. Where 
data for new stations are available, particularly in the mountainous 
regions, the isopluvial patterns of the two papers show pronounced 
differences. At stations which were used for both papers, even with 
25 years of additional data, the differences are negligible. 
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Guides for estimating durations and/or return periods not 
presented on the maps 

Intermediate durat'ons and return perwds.-ln some instances, it 
might be required to obtain values within the range of return periods 
and durations presented in this paper but for which no maps have 
been prepared. A diagram similar to that illustrated in figure 12 
can serve as a nomogram for estimating these required values. 

Return periods longer than 100 years.-Values for return periods 
longer than 100 years can be obtained by plotting several values 
from 2 to 100 years from the same point on all the maps on either 
log-normal or extreme-value probability paper. A straight line 
fitted to the data and extrapolated will provide an acceptable esti
mate of, say, the 200-year value. It should be remembered that 
the values on the maps are for the partial-duration series, therefore, 
the 2-, 5-, and 10-year values should first be reduced by the factors 
of table 2. 

EXAMPLE. The 200-year 1-hour value iB reqwred for the point 
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at 35° N ., 90° W. The 2-, 5-, 10-, 25-, 50-, and 100-year values are 
estimated from the maps to be 1.7, 2.2, 2.5, 2.9, 3.1, and 3.5 inches. 
After multiplying the 2-year value by 0.88, the 5-year value by 0.96, 
and the 10-year value by 0.99, the six values are plotted on extreme
value probability paper, a line iB fitted to the data and extrapolated 
linearly. The 200-year value iB thuo estimated to be about 3.8 inches 
(see fig. 13). 

Durations shorter than SO minutes.-If durations shorter than 30 
minutes are required, the average relationships between 30-minute 
rainfall on the one hand and the 5-, 10-, and 15-minute rainfall on 
the other can be obtained from table 3. These relationships were 
developed from the data of the 200 W esther Bureau first-order 
stations. 

TABLE 3.-Aoerage relat•omhif between SO-m•nute rainfaU and ahorler durol•on 
ra•nfa for lhe same return penod 

Duration (min.) __ ----------------------Ratio _________________________________ _ 

Average error (percent)------------------

10 
0. 57 

7 

15 
0. 72 

5 

6 
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FIGURE 12.-Example of internal consistency check. 

Comparisons with previous rainfall frequency studies 

YameU.--A comparison of the results of this paper with those 
obtained by Yarnell's paper [1] brings out several interesting points. 
First, both papers show approximately the same values for the 
Weather Bureau first-order stations even though 25 years of addi
tional data are now available. Second, even though thousands 
of additional stations were used in this study, the differences between 
the two papers in the eastern haU of the country are quite smo.ll 

6 

and rarely exceed 10 percent. However, in the mountainous regions 
of the West, the enlarged inventory of data now available has had 
a profound effect on l·he isopluvial pattern. In general, the results 
from this paper are larger in the West with the differences occasion
ally reaching a factor of three. 

Technical Paper No. 25.-Technical Paper No. 25 [5] contains a 
series of rainfall intensity-duration-frequency curves for the 200 
Weather Bureau stations. The curves were developed from each 
station's data with no consideration given to anomalous events or 
to areal generalization. The average difference between the two 
papers is approximately 10 percent with no bias. After accounting 
for the fact that this atlas is for the partial-duration series and 
Technical Paper No. 25 is for the annual series, the differences can 
be ascribed to the considerable areal generalization used in this paper. 

Technical Paper No. 24-, Parts I and II; Technical Paper No. 28.-
The differences in refinement between Technical Paper No. 24- [2] 
and Technical Paper No. 28 (6] on the one hand and this paper on the 
other do not, however, seem to influence the end results to an 
important degree. Inspection of the values in several rugged areas, 
as well as in flat areas, reveals disparities which averaf!:e about 20 
percent. This is attributable to the much larger amount of data 
(both longer records and more stations) and the greater areal gen
eralization used in this paper. 

Technical Paper No. 29, Parts 1 through 5.--The salient feature of 
the comparison of Technical Paper No. 29 [7] with this paper is the 
very small disparities between the four key maps and the slightly 
larger disparities between the intermediate maps. The average 
differences are of the order of magnitude of 10 ltnd 20 percent, 
respectively. The larger difference between the intermediate maps 
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FIGURE 13.-Example of extrapolating to long return periods. 

is attributable to the smoothing of these maps in a consistent manner 
for this paper. 

Probability considerations 

General.--The analysis presented thus far has been mainly con
cemed with attaching a probability to a particular magnitude of rain
fall at a particular location. Once this probability has been deter
mined, consideration must also be given to the corollary question: 
What is the probability that the n-year event will occur at least once 
in the next n years? 

From elementary probability theory it is known that there is a 
good chance that the n-year event will occur at least once before 
n years have elapsed. For example, if an event has the probability 
1/n of occurring in a particular year (assume the annual ssries is 
being used), where n is 10 or greater, the probability, P, of the e:vent 
occurring at least once among n observations (or years) is 

P=1-(l-1/n)"""' 1-e-1=0.63 

Thus, for example, the probability that the 10-year event will occur 
at least once in the next 10 years is 0.63, or about 2 chances out of 3. 

Relationship between design return period, T years, design period, 
T., and probability of not being exceeded in T. years.--Figure 14, 
prepared from theoretical computations, shows the relationship 
between the design return period, T years, design period, T., and 
probability of not being exceeded in T. years [19]. 

EXAMPLE. What design return period should the engineer use 
to be approximately 90 percent certain that it will not be exceeded 
in the next 10years? Entering the design period coordinate at IOyears 
until the 90 percent line is intersected, the design return period is 
estimated to be 100 years. In terms of rainfall magnitude, the 100-
year value is approximately 60 percent larger than the 10-year value. 
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FIGURE 16.-Area-depth curves. 

Probable maximum precipitation (PMP) 

The 6-hour PMP and its relationship to the 100-year 6-hour rain
fall.--Opposed to the probability method of rainfall estimation 
presented in this paper is the probable maximum precipitation 
(PMP) method which uses a combination of physical model and 
several estimated meteorological parameters. The main purpose 
of the PMP method is to provide complete-safety design criteria in 
cases where structure failure would be disastrous. The 6-hour 
PMP map of Chart 50 is based on the 10-square-mile values of 
Hydrometeorological Report No. 33 [20] for the region east of 105° W. 
and on Weather Bureau Technical Paper No. 38 [21) for the West. 
Chart 51 presents the ratios of the PMP vaiues to the 100-year 
point rainfalls of this paper. Examination of this map shows that 
the ratios vary from less than 2 to about 9. These results must be 
considered merely indicative of the order of magnitude of extremely 
rare rainfalls. 



Area-depth relationships 

General.-For drainage areas larger than a few square miles con
sideration must be given not only to point rainfall, but to the average 
depth over the entire drainage area. The average area-depth 
relationship, as a percent of the point values, has been determined 
for 20 dense networks up to 400 square miles from various regions 
in the United States [7]. 

The area-depth curves of figure 15 must be VIewed operationally 
The operation is related to the purpose and application. In applica
tion the process is to select a point value from an isopluvial map. 
This point value is the average depth for the location concerned, for 
a given frequency and duration It is a composite. The area-depth 
curve relates this average point value, for a given duratiOn and fre
quency and within a g1ven area, to the average depth over that area 
for the corresponding duration and frequency. 

The data used to develop the area-depth curves of figure 15 ex
hibited no systematic regional pattern [7]. Duration turned out to 
be the major parameter. None of the dense networks had sufficient 
length of record to evaluate the effect of magnitude (or return perwd) 
on the area-depth relationship. For areas up to 400 square miles, 
it is tentatively accepted that storm magnitude (or return per1od) 
is not a parameter in the area-depth relationship. The reliability 
of this relationship appears to be best for the longer durations. 

EXAMPLE What IS the average depth of 2-year 3-hour ramfall 
for a 200-square-mile drainage area m the vicmity of 37° N , 86° W.? 
From the 2-year 3-hour map, 2.0 inches 1s estimated as the average 
depth for points in the area. However, the average 3-hour depth over 
the drainage area would be less than 2 0 inches for the 2-year return 
period Referring to figure 15, it is seen that the 3-hour curve mter
sects the area scale at 200 square m1les at rat1o 0.8. Accordingly, the 
2-year 3-hour average depth over 200 square nules is 0.8 times 2 0, or 
1.6 inches. 

Seasonal variation 

Introductwn.-To this point, the frequency analysis has followed 
the conventional procedures of using only the annual maxima or the 
n-maximum events for n years of record Obviously, some months 
contribute more events to these series than others and, in fact, some 
months might not contribute at all to these two series. Seasonal 
variation serves the purpose of showing how often these rainfall 
events occur during a specific month. For example, a practical 
problem concerned with seasonal variation may be illustrated by the 
fact that the 100-year 1-hour rain may come from a summer thunder
storm, with considerable infiltration, whereas the 100-year flood may 
come from a lesser storm occurring on frozen or snow-covered ground 
in the late winter or early spring. 

Seascmal probability diagrams.-A total of 24 seasonal variatwn dia
grams is presented in Charts 52, 53, and 54 for the 1-, 6-, and 24-hour 
durations for 8 subregions of the United States east of 105° W. 
The 15 diagrams covering the region east of 90° W. are identical to 
those presented previously in Techmcal Paper No. 29 [7]. The 
smoothed isopleths of a diagram for a particular duration are based 
on the average relationslnp from approximately 15 statwns in each 
subregion. Some variation exists from station to station, suggesting 
a slight subregional pattern, but no attempt was made to define it 
because there is no conclusive method of determining whether this 
pattern is a climatic fact or an accident of sampling. The slight 
regional discontinuities between curves of adjacent subregions can 
be smoothed locally for all practical purposes. No seasonal variation 
relationships are presented for the mountamous region west of 105° 
W. because of the influence of local climatic and topographic condi
tions. Th1s would call for seasonal distribution curves constructed 
from each station's data instead of average and more reliable curves 
based on groups of stations. 

Appbcat~cm to areal ramfall.-The analysis of a limited amount of 
areal rainfall data in the same manner as the point data gave seasonal 
variations which exh1bited no substantial difference from those of 
the point data. This lends some confidence in using these diagrams 
as a guide for small areas. 

EXAMPLE. Determme the probab11ity of occurrence of a 10-year 
1-hour ramfall for the months May through August for the pomt at 
45° N ., 85° W. From Chart 52, the probab1hties for each month are 
interpolated to be 1, 2, 4, and 2 percent, respectively. In other words, 
the probab1hty of occurrence of a 10-year 1-hour rainfall m May of 
any partiCular year IS 1 percent; for June, 2 percent; and so forth. 
(Add1t10nal examples are g1ven m all five parts of Techntcal Paper 
No. S9.) 
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PART II 

Isopluvial maps. 
The 6-hour probable maximum precipitation and its 
relationship to the 100-year 6-hour rainfall. 
Diagrams of seasonal probability of intense rainfall, 
for 1-, 6-, and 24-hour durations. 
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PREFACE 

Authority.-This report was prepared for the Soil Conservation Service to provide generalized rainfall information 
for planning and design purposes in connection with its Watershed Protection and Flood Prevention Program (authori
zation: P.L. 566, 83d Congress, and as amended). 

Scope.-Precipitation data for various hydrologic design problems involving areas up to 400 square miles and dura
tions from 2 to 10 days are presented. The data consist of generalized estimates of rainfall-frequency data for return 
periods from 2 to 100 years. 

Accuracy of results.-The degree of accuracy of the generalized estimates depicted on the rainfall-frequency maps 
presented in this report is believed to be adequate for practically all engineering purposes. It should be expected that 
somewhat greater accuracy might have been obtained had the maps been based on data from the several thousand 
available precipitation gages instead of from a few hundred. However, the collection and frequency analysis of rainfall 
data for durations up to 10 days for a few thousand gages would have been a formidable task and an extremely costly 
enterprise. Furthermore, the accuracy of the results obtained is much greater than indicated by the relatively small 
number of stations used since the approach involved the projection of the 24-hour rainfall-frequency maps of Techm:wal 
Paper No. 40 [I], which are based on data from several thousand stations. The possible greater accuracy that might 
have been obtained by use of data. from a. much larger number of gages was judged to be incommensurate with the 
much greater cost involved. 

Acknowledgments.-The project was under the general supervision of J. L. H. Paulhus, Chief of the Cooperative 
Studies Section of the Office of Hydrology, W. E. Hiatt, Acting Director. L. L. Weiss assisted with the investigations. 
W. E. Miller and N. S. Foat supervised the collection and processing of the basic data.. Drafting was supervised by 
C. W. Gardner. Coordination with the Soil Conservation Service was maintained through H. 0. Ogrosky, Chief, 
Hydrology Branch, Engineering Division. 
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INTRODUCTION 
The "Rainfall Frequency Atlas of the United States," [1] presents 

generalized estimates for durations from 30 minutes to 24 hours and 
return periods from 1 to 100 years. The present report is an exten
sion of that work. In a series of maps and diagrams this report 
provides generalized estimates of the precipitation-frequency regime 
of the United States for durations from 2 to 10 days and for return 
periods from 2 to 100 years. 

A relation for obtaining 10-day values from 1- and 24-hour data 
was developed and was applied to the 1- and 24-hour values of (1]. 
Two key maps, the 2-year and 100-year 10-day maps, were then con
structed. These maps, together with two key maps from the Atlas, 
the 2-year and 100-year 24-hour, were used with generalized duration 
and return-period diagrams to provide estimates for a 3300-point 
grid for 22 additional maps. 

BASIC DATA 

S~ of data.-First, daily data from 94 stations were 
summarized into sequences from 1 to 10 days. The stations (en
circled dots in fig. 1) were so distributed geographically as to pro
vide a good representation of the various precipitation regimes. 
TI1eir data were the basis for the conversion factors for adjusting 
observational-day amounts to n-hour amounts and for the duration
and return-period-interpolation diagrams. One- and 10-day data 
were then sumarized for 276 additional stations (plain dots in fig.1). 
These data were used to supplement the data from the first group 
of 94 stations to develop the relation between 1- and 10-day amounts. 

Period and length of record.-Data for the 94 stations in the first 
category were tabulated for the 50-year period, 1912-61, except for 
a few cases of missing or incomplete data. The average length of 
record available from all stations was 49 years. Data for the 276 
stations in the second group were tabulated for the 20-year period, 
1942-61. Breaks in record at a few stations necessitated tabulation 
of a few years of data prior to 1942 to obtain a 20-year record. In 
a few cases, 18 or 19 years of data were used when a 20-year record 
was not available. In no case, however, was less than 18 years of 
data used. 

Station wposure.-In refined analysis of mean annual and mean 
seasonal rainfall data it is necessary to evaluate station exposures by 
methods such as double-mass-curve analysis [2]. Such methods are 
not appropriate for extreme values. Except for selection of stations 
that had had consistent exposures during the period of record used, 
no attempt has been made to adjust precipitation values to a standard 
exposure. 

Two- to Ten-Day Precipitation for Return 

Periods of 2 to 100 Years in the 

Contiguous United States 
JOHN F. MILLER 

Cooperative Studies Section, Office of Hydrology, U.S. Weather Bureau, Washington, D.C. 
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DURATION ANALYSIS 

Observati<mal-day 'VB. 'Tirhour precipitation.-Since the basic data 
consisted mostly of observa.tional-day amounts, relations had to be 
established between observational-day data and the corresponding 
n-hour amounts, i.e., the 2-observa.tiona.l-day to 48-hour, the 3-obser
v.ational-day to 72-hour, etc. These relations a.re ratios of the mean 
of the annual series (see section on Frequency Analysis) of the 
n-hour precipitation to the mean of the annual series of the cor
responding observational-day data. The adjustment factors a.re 
shown in table 1. The conversion factor between the observational
day and n-hour amounts is an average relationship. A graphical 
illustration of the quality of the rela.tionships, based on data from 
50 widely distributed stations, is shown in figure 2 for the 2-yea.r 
48-hour and 2-observational-day precipitation. Differences between 
amounts for the 48-hour and longer dura.tions and the corresponding 
n-minute amounts are negligible. 

TABLE 1.-Empiricai factors tor 0011oerling obseroational-dau amOutot8 to the 
corresponding n-hour amounts 

Observatlonal- Conversion 
day factor ton-hour 

2 ].Of 
3 1.03 • 1.03 
5 1.02 
6 1.02 
7 1.02 
8 1.02 
9 1.01 

10 1.01 

Durati<Jn-interpolation diagram.-A generalized relationship was 
developed for estimating precipitation for &ny duration between 2 
and 10 days for a selected return period when the 2- and 10-day 
11.mounts for that return period are given (fig. 3). This generaliza
tion was obtained empirically from data for the 94 stations. The 
duration-interpolation diagram was developed using data for the 
2-yea.r return period. To use this diagram, a straightedge is laid 
across the values given for 2 and 10 days, a.nd the amounts for other 
durations are read at the proper intersections. The quality of this 
relationship is illustrated in figure 4 for the 96-hour duration and 
2-yea.r return period. Tests have shown negligible differences for 
other return periods. The inclusion of regional variation and other 
paranteters produced no improvement. 

FREQUENCY ANALYSIS 

Two t'!JPeB of series.-Frequency analyses of precipitation data are 
based on one of two types of data series. The annual series consists 
only of the highest value for each yea.r. The partial-dura.tion series 
recognizes that the second highest of some yea.r occasionally exceeds 
the highest of some other yea.r, and utilizes all items above a base 
value which is selected to yield n-items for n-yea.rs. The highest 
value of record, of course, is the top value of either series, but the 
lower values in the partial-duration series tend to ·be higher than 
those of the annua.l series. 

The purposes served by this publication require that the results 
be expressed in terms of partia.l-duration frequencies. In order to 
avoid la.borious processing of partial-duration data, the annual series 

TABLE 2.-Empiricai factors for omwerting partiaJ:.durotton aeries fo annual 
Berie8 

Bolum period Con ..man 
factor 

2-yr. 0.88 
5-yr. 0.95 

1o-yr. 0.99 

2 

7 

2-YEAR 2 OBSERVATIONAL-DAY PRECIPITATION (INCHES) 

Fl:GUBE 2.-Relatlon between 2-year 2-obllervatlonal-da:v and 2-:vear 48-bour 
precipitation. 

were collected, analyzed, and the resulting statistics transformed to 
partial-duration statistics. Consequently, the maps of figures 12 to 
35 are, in effect, based on partial-duration series da.ta. These data 
ma.y be converted to annual series data by multiplying by the factors 
given in table 2, which is based on data from 25 widely scattered 
stations. The two types of data series show no appreciable differ
ences for return periods greater than 10 years. These conversion 
fa.ctors a.re the same as those used in [1]. 

Frequency considerations.-Extreme values of rainfall depth form 
a frequency distribution which ma.y be defined in terms of its statis
tical moments. Investigation of hundreds of rainfall distributions. 
with lengths of record ordinarily encountered in practice (usually 
less tl1an 50 years) indicates that these records are too short to 
provide reliable statistics beyond the first a.nd second moments. The 
distribution must therefore be regarded as a function of the first 
two moments. The 2-yea.r value is a mea.sure of the first moment
the central tendency of the distribution. The relationship of the 
2-yea.r to 100-yea.r va.lue is a mea.sure of the second moment-the 
dispersion of the distribution. 

OonstructWn of return-period diagram.-The return-period dis.
gra.m of figure 5 was obtained by the method described by Weiss 
[3]. If values for return periods between 2 and 100 years a.re read 
from the return-period diagram, then converted to annua.l series 
values by applying the factors of table 2 an.?- plotted on either ex
treme or log-normal probability paper, the points will very nea.rly 
define a. straight line. 

Use of the return-period diagram.-The two intercepts needed for 
the frequency relation of figure 5 are the 2-yea.r and 100-year values 
obtained from the maps of this report. Thus, given the 2- and 100-
year return-period va.lues for a pa.rticular duration, a straightedge 
is laid across these values on the diagram a.nd the intermediate va.lues 
are determined. 

General, appUcability of return-period relati(}1'1JJhip.-Tf!dts have 
shown that within the range of the data and the purpose of this 
paper, the return-period relationship is independent of duration. 
Comparison of this rela.tionship with that developed for durations 
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less than 24 hours [1] has shown only negligible differences. Studies 
have not disclosed a.lly regional pattern that would improve the 
relationship. · 

SecUlar trend.-The use of short-record data introduces the ques
tion of possible secular trend and biased sample. Routine tests 
with subsamples of equal size from different periods of record for 
each of several stations showed no appreciable trend, indicating that 
the direct use of short-record data is legitima.te. 

ISOPLUVIAL MAPS 

Relation beflween S--'!feU/1' 94- OJTUi S/1)-hcur am.ounta.-Processing 
of hourly data for durations in excess of 24 hours is a laborious 
and costly task. For this reason, it was decided to estimate rather 
than compute 2- to 10-day rainfalls for the majority of the stations. 
Relationships, using in part datn. already ava.ilable for the shorter 

10 

2-YEAR 4-DAY PREQPJTAnON (lNCHESJ EmMATG FROII INTERPOL.AnOH DIMJIAJI 

FioUBE 4.-Relatlon between 2-year 4-day precipitation computed by extreme 
value analysis and 2-year 4-day precipitation estimated trom duration
interpolation diagram (fig. 3). 
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2-YEAR 10-DAY PRECIPITATION (INCHES) 

Fxol!BE 6._:.Relation for estimating 2·year lQ-day precipitation from 2-year 1- and 24-bour rainfall and latitude. 

durations, were developed to estimate amounts for longer durations. 
Since satisfactory duration-interpolation and return-period diagrams 
were available, the 10-day duration was selected for development of 
such a relation. A total of 285 stations with hourly data provided 
the basic data. The parameters used to estimate the 2-year 10-day 
values were: (1) the 2-year 24-hour rainfall, (2) the 2-year 1-hour 
rainfall, and (3) latitude. The use of latitude as a parameter im
plies a smooth geographic variation with isopletha of departure of 
estimated from computed 2-year 10-day amounts parallel to the 
latitude circles. To test this hypothesis departures from the com
puted 2-year 10-day amounts were plotted on a map. The isopleths 
showed that, in general, there was an orderly latitudinal variation 
in these departures. In the development of this relationship (fig. 6) 
all24- and 1-hour data were adjusted to the corresponding n-minute 
amounts. The 10-day values were adjusted to the corresponding 
240-hour amounts. 

Introduction of additional parameters in the relationship of figure 
6 did not improve the results. Other parameters tested included 
elevation and mean. annual number of days with precipitation greater 
than 0.49 in. . The index of correlation between the computed and 
estimated amounts was 0.99, with a standard error of estimate of 
0.53 in. The mean of the computed values was 5.31 in. The scatter 
of estimated v.s. computed values is shown in figure 7. 

Smoothing of isoplwoial mapa.-The analysis of a series of maps 
involves the question of bow much to smooth the data. An under
standing of the degree of smoothing in the analysis is necessary to the 
most effective use of the maps. The problem of drawing isopluvia.l 
lines through a field of data is analogous, in some important respects, 
to drawing regression lines on a scatter diagram. Just as an irreg
ular regression line can be drawn to every point on a scatter diagram, 
so i.solines may be drawn to fit every point. Such a. complicated 
pattern of many small highs and lows would be unrealistic in most 
cases. There is a degree of inconsistency between smoothness and 

closeness of fit. Any analysis must strive for a balance between the 
two, sacrificing some closeness of fit for smoothness and vice versa. 
The maps of this report were drawn so that the standard error of 
estimate was commensurate with the sampling and other errors in 
the data and methods used. 
~-yea1•10-aay map (fig. 30).-The relationship (fig. 6) described 

in the preceding paragraphs, and the 2-year 1-hour and 2-year 24-
hour maps of [1] were used to estimate the 2-year 10-day vaJues for 
a grid of 3800 pOints (fig. 8). Also plotted on the map were the 
data for the 370 stations (fig. 1) for which 10-day data had been 
tabulated. On this and other similar maps all precipitation data 
have been adjusted by the factors of table 1 to n-hour amounts, i.e., 
the 2-day map presents 48-hour amounts, the 4-day presents 96-hour 
amounts, etc. 

Ratio of 100-year to 2-year valU6!J.-A working map was prepared 
showing the 100-year to 2-year ratio for the 10-day amounts. A 
smooth geographical patterzi. was indicated. The ratio varied from 
about 1.8 to 3.0 with an average ratio about 2.2. The highest ratios 
were found in southern California and along the western slopes of 
the Sierra, with the lowest ratios in western Oregon and Washington. 

100-yeaT 10-day map (fig. 35).-The 100-year'lO-day values were 
computed for the grid points of figure 8 by multiplying the values 
read from the 2-year 10-da.y map by those from the 100- to 2-yea.r 
ratio map. As a further aid in the analysis of the isopluvial pattern, 
the 100-year 10-day values computed for the 370 stations for which 
data had been processed were also plotted, in addition to the grid 
points. · 

2!1 additional, maps.-For the 22 intermediate maps required for 
this report, values were computed for the 3300 grid points (fig. 8). 
First, values were read from the 2-year 24-hour and 10-day maps and 
the 100-year 24-hour and 10-da.y maps. Then, the duration-interpo
lation diagram (fig. 3) and the return-period diagram (fig. 5) were 
used to compute amounts for the grid points. The frequency values 

N=285 
R= .99 
STANDARD ERROR =0.53 INCH 

MEAN OF COMPUTED 2-YEAR 10-DAY PRECIPITATION =5.31 INCHES 
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FxoUBE 7.-Relation between 2-year l~ay precipitation computed by extreme value analysis and 2-year lo-day precipitation estimated from figure 6. 

\ 

computed for stations for which data were processed were also plotted 
on each of the maps. Isolines were then drawn. Pronounced 
"highs" and "lows" are positioned in consistent locations on all the 
maps. The 24 precipitation-frequency maps are shown at the end of 
the text (figs. 12-35) . 

ReUability of TeBUlta.-The term reliability is used here in the 
statistical sense to refer to the degree of confidence that can be placed 
in the accuracy of the results. The reliability is influenced by the 
accuracy of [1] and the accuracy of the relationships developed for 
this report. The accuracy of the results presented in [1] was dis-

cussed in that report. The reliability of the relationships developed 
may be partially assessed by reference to the various figures indicat
ing a m811$Ure of their quality. The scatter of points in these dia
grams is a result of sampling error in time and space. Sampling 
error in space is a result of:. (1) the chance occurrence of an anoma
lous storm which bas a disproportionate effect on the record at a 
station as compared with that of a nearby station, and (2) the use 
of station data that are not representative of the rainfall regime of 
the surrounding area. Similarly, sampling error in time results 
from the use of data for a given period that is not representative for 
a longer period. · 
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FIGURE B.-Points for which precipitation-frequency data were computed in deriving the 22 intermediate ma-ps from the 4 key maDS, the 2-year 24-hour and 10-day and the 100-year 24-hour and 1(klay. 

/soline interval.-In general, a different isoline :interval was used 
east and west of 105° W. longitude. Within each region a dashed 
intermediate l:ine was added if the isopluvials were widely separated 
or if the spacing of isopluvials was nonlinear to minimize the erroiS 
of interpolation. Occasionally, along the slopes of the Sierras and 
Cascades of California, Washington, and Oregon, it was necessary 
to omit an isopluvial because of the extremely steep gradient. Lows 
that close within the boundaries of the United States have been 
hatched inwardly. 

Smoothing value8 Tead /Tom the mapa.-The complex patterns 
and steep gradients of the isopluvials combined with the difficulties 
of interpolation and accurate location of a specific point on a series 
of maps might reSult in inconsistencies in data read from the maps. 
Such inconsistencies CIIJl be minimized by fitting smooth curves to 
a plot of the data obtained from the maps. Figure 9 illustrates two 
sets of curves on logarithmic paper, one for a point (a) 39° N., 90° 
W. and the other (b) at 40°30' N., 111 °15' W. Data for the 24-ltour 
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values for these curves have been taken from [1]. .An alternative 
procedure would be to read these values from the duration-:interpo
lationdiagram (fig.3). 

In one plot in figure 9 the curve of best fit is a straight l:ine, while 
in the ot.her, a curve provides a better fit. In regions where the 
isopluvial pattern is relatively simple and exhibits flat gradients, 
minor differences in locating points have less effect on the interpo
lated values, and the plotted po:ints will more clearly define a smooth 
set of curves. In mounta:inous regions complex patterns and steep 
gradients complicate interpolation, and the curves will be more 
poorly defined. 

Interpolated_ values for a particular duration should define an 
almost straight line on the return-period diagram of figure 5. Also, 
the interpolated values for a particular return period should very 
nearly define a straight. line on the duration-interpolation diagram 
offigure3. 

D~-AREA RELATIONSHIPS 

lntToO!uction.-.Any value read from am. isopluvial map for a 
point is an average depth for the location, for a given return period 
and duration. The depth-area curve attempts to relate this average 
point value, for a given duration and frequency and within a. given 
area, to the average depth over that area for the same duration and 
frequency. The curves of figure 10 depict the relationship for dura
tions of 1 to 10 days and for areas up to 400 square miles, and are 
to be used in reducing the point values of precipitation shown on 
the maps of ~oures 12 to 35 to areal values. 

Data uaed.-Data. from 27 dense networks were used to develop 
the depth-area curves of figure 10. The networks, together with 
the total area, number of gages, number of subnetworks, and length 
of record are listed in table 3, and their locations are shown in 
figure 11. The average length of record used was 17 years. Only 
networks that had at least 10 years of record were considered. The 

denser net.works were subdivided to provide additional points for 
the smaller areas. 

Dete-rmination of aTea of wtworica.-There is no completely satis
factory method for determining the size of the area for which the 
precipitation measured by a. particular network may be considered 
to be representative. The size of the area represented by a network 
in this study was presumed to be equal to the area of the smallest 
circle encompaBSing the network. It should not be inferred, how
ever, that such a circle actually delineates the shape and location 
of the "t-rue" representative area. 

Construction of the CWMJea.-The annual series for the period of 
record for each network was tabulated for the 24- and 48-hour dura
tions, and the 2-, 5-, 10-, 25-, 50-, and 100-year values were com
puted. The method of computation for the percentage reduction 
for each network was the same as that used in [4]. These per
centage reductions were then plotted on a series of charts, one for 
each return period, and curves were fitted by eye. The curves for 
the various return periods were compared, and a mean curve was 
drawn for each duration. The individual curves drawn for the 
different return periods varied by no more than about 1 percent from 
the mean curve, indicating that there was no need for separate 
curves for each return period. 

The 24-hour curve showed only negligible differences from that 
used in previous reports [1, 4), and it was therefore decided to use 
the curve originally developed for those reports. For durations 
longer than 48 hours "cross section" at several sizes of area were 
taken, and the percentages for the 1-, 24-, and 48-hour values were 
plotted on semilogarithmic paper. A smooth curve for each size 
of area was then drawn through these plotted points and extrapolated 
to 240 hours. Data for the longer durations for a. few networks 
were then tabulated and used to check the extrapolation. 

Geo(!Taphic variation.-While the area-reduction curves of figure 
10 are based on networks widely scattered throughout the country, 
there are many large regions not represented by a network (fig. 11). 
In the process of constructing the curves, the data from the dif
ferent networks were closely examined in an attempt to detect re
gional variations. None was apparent. However, it should be kept 
in mind that the network sampling was not adequate for delineating 
regional variations and that the lack of any indication of such 
variation is not conclusive. Pending the availability of additional 
dense network data, the curves of figure 10 must be considered 
applicable to all parts of the country. 

SEASONAL VARIATION 

The basic data for the precipitation-frequency maps of figures 12 
to 35 show seasonal trends. Some months may contribute most of 
the annual series or partial series data used in the frequency anal
yses, while other months may contribute little or nothing. Also, the 
months contributing most of the series data. for the shorter dura
tions, say, one or two days, may not be the same as those contribut
ing most of the data for the longer durations, say, nine or ten days. 
Teclvnical PapeT No. ¥J [1] presented a series of seasonal probability 
charts for 1-, 6-, and 24-hour rainfall for the region east of the 
Rockies. None was presented for the mountainous region to the 
west because of the effects of local climatic and topographic 
infl.uences. 

Seasonal probability curves were not derived :for this report be
cause the relatively small number of stations providing the basic 
datn. precluded the delineation of the boundaries of areas of repre
sent-ativeness for seasonal probability curves. Data from many more 
stations would have •been required to depict properly the regional 
variations of the seasonal probalility curves. It appeared that their 
usefulness was not commensurate with the costs of collecting and 
processing the additional data required for their construction. 
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TABLE 3.-Denae network datil 

Network 

Ce.Womla 1 ......................................... . 
CaiUomla 2. ••••••••••••••••••••••••••••••••••••••••• 
Ce.Womla 3 •••••••••••••••••••••••••••••••••••••••••• 
Calltorn1a 4 ................................................................ .. 
CaJIIomla 6 •••••••••••••••••••••••••••••••••••••••••• 
California 6 •••••••••••••••••••••••••••••••••••••••••• 
Calllomla 7 •••••••••••••••••••••••••••••••••••••••••• 
California 8 ......................................... . 
Ce.Womla 9 ......................................... . 
Callfomla 10 ••••••••••••••••••••••••••••••••••••••••• 
Conuectico.t 1---········------·······--·········----
Florlcla ! ............................................ . 

~'l:1~·:::::::::::::::::::::::::::::::::::::::::::: 
Iowa 1 .............................................. . 
Maryland 1 ......................................... . 
Mlssotu11 .......................................... . 
Mlssotu'l 2.------------------------------------------New Jersey 1 ....................................................... . 
New Jersey 2------------------------------·····----New York 1 .................................................. . 
New York2-.............................................. . 
Oblo 1 .............................................. . 
Orogon 1 ............................................ . 
Oregon 2 .......................................................... . 
Texas 1 .................. _ .......................................... . 
Wasblngtoo 1 ....................................... . 

Ale& 
(sq.mL) 

107 
1lK 
286 
314 
177 
4110 
200 
176 
78 

f14 
316 
221 
3f6 
380 
63 

2M 
66 

176 
283 
160 
283 
f23 
78 

200 
330 
242 
380 

Tolal No. No.ofSnb- Length of 
or gages networks record 

4 
4 
4 
4 
s 
6 
f 
4 
s 
4 
6 
6 
f 

13 
9 
7 
6 
7 
7 
6 
4 
5 
f 
4 
6 
4 
f 

0 
0 
0 
0 
f 
2 
1 
0 
1 
0 
2 
1 
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10 
7 
6 
2 
2 
6 
6 
1 
f 
1 
1 
0 
0 
0 

(years) 

15 
22 
16 
10 
16 
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17 
11 
12 
20 
22 
22 
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II 
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FloUBE 11.-Locatlon ot dPnse networks used to develop depth-area curves. 
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