
   
 
 

 

   

Hardware River Bacteria TMDL Study 
(Updated: 11/30/2006) 

Local Steering Committee Meeting 

November 8, 2006



   
 
 

 

   

Contact Information: 

Kevin Brannan 
Biological Systems Engineering/Center for TMDL and Watershed Studies 
Virginia Tech 
Email: kbrannan@vt.edu 
Phone: 540-231-1245 

Brian Benham 
Biological Systems Engineering/Center for TMDL and Watershed Studies 
Virginia Tech 
Email: brbenham@vt.edu 
Phone: (540) 231-5705 

Center Web Site: http://www.tmdl.bse.vt.edu/ 
Hardware River URL: http://www.tmdl.bse.vt.edu/outreach/C105/ 
 



LSC Meeting  11/8/2006 

Hardware River Bacteria TMDL LSC Meeting 3 

General Watershed Characterization 
Before beginning, it is important to note that this information provides a snapshot of the 
watershed characteristics at a given point in time.  In order to complete the TMDL, we will need 
to know of any major changes (for example, the beginning or ending of a large agricultural 
operation, a major effort to install BMPs, or a large change in land use) that have occurred 
historically, so that we may accurately calibrate the watershed model, and predict future 
conditions. The map blow shows the Hardware River watershed boundaries with respect to 
Charlottesville and the County boundaries, along with the location of the watershed within the 
state (Figure 1). 

 

 
Figure 1.  Hardware River Watershed Location. 
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Sub-watersheds 
There are two bacteria impairments in the Hardware River watershed. One of the impairments is 
for the North Fork portion of the watershed and the other is for the remainder of the downstream 
watershed. For modeling purposes and to help in our discussion of the two impairments, we will 
refer to the two portions of the watershed with respect to the impairments as North Fork 
Hardware River and Lower Hardware River. The boundaries of the watersheds are shown in 
Figure 2. We use this naming convention to help organize the information in the remainder of 
this document.  

 
Figure 2. Hardware River Watersheds. 
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Sub-Watershed Division for North Fork Hardware Rive r 
For modeling and source characterization purposes, the watershed was sub-divided further into 
25 sub-watersheds (Figure 3). The numbering of the sub-watersheds is from 0 to 24. These sub-
watersheds will be the units used to organize the input data for modeling. The boundaries were 
made based on streams, land use patterns and other physiographic characteristics of the 
watershed. 

 

Figure 3. North Fork Hardware River Sub-Watersheds. 
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Sub-Watershed Division for Lower Hardware River 
The Lower Hardware River watershed was sub-divided further into 24 sub-watersheds (Figure 
4). The numbering of the sub-watersheds is from 0 to 23. These sub-watersheds will be the units 
used to organize the input for modeling. The boundaries were made based on streams, land use 
patterns and other physiographic characteristics of the watershed. 

 

Figure 4. Lower Hardware River Sub-Watersheds. 
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Land Use 

Land Use Estimate Methodology 
Note:  Based on discussion at the LSC meeting, the land use data was modified. 
Specifically, areas originally identified as cropland were compared to recent aerial 
imagery and reclassified when deemed necessary. The reclassified land use data is 
referred to as “Reclassified Land use” in the remainder of this document. 

The National Land Cover Dataset (NLCD), available nationwide, was used to obtain the land use 
estimates.  The NLCD is created based on interpretation of satellite imagery, and is a land cover 
dataset, not a land use dataset.  Therefore, forested residential areas are put into the forest 
category, as the cover on that area is forest.  Similarly, large park areas may be misinterpreted as 
pasture, because from the satellite interpretation, a large grassy area appears to be a pasture.  
Misinterpretation is more common in developed areas, but if there are any serious discrepancies 
we need to know.  The detailed NLCD land cover groups have been grouped into the 6 main 
categories in the table. The percentages of the grouped land uses (original and reclassified) are in 
Table 1 and 2. The distribution of the original and reclassified land uses are shown in Figures 5 
through 8. 

Note: The reclassified land use has not been broken down by sub-wartershed yet. This 
is why only the totals are reported. 

How the Land Use information is used 
Land uses help distribute bacteria loads from various creatures to appropriate areas within the 
watershed.  Land uses also aid in the estimation of certain animal populations.  The bacteria 
TMDL will use the ‘total pasture and hay’ and ‘total cropland’ estimates from the table. The land 
use distributions are shown in Figure 5 through 8 on the following pages. 

Table 1. Original Land use percentages for North Fork and Lower Hardware River 
Watersheds. 

Watershed Cropland Extractive Forest HDR LDR Pastur e 
North Fork 
Hardware River 

5% 0.1% 77% 1% 2% 14% 

Lower 
Hardware River 

8% 0% 78% 1% 1% 12% 

Table 2. Reclassified Land use percentages for North Fork and Lower Hardware River 
Watersheds. 

Watershed Cropland Extractive Forest HDR LDR Pastur e 
North Fork 

Hardware River 
1% <1% 77% 1% 5% 16% 

Lower 
Hardware River 

4% 0% 78% 1% 1% 16% 
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Figure 5. Land Use in the North Fork Hardware River Watershed. 
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Figure 6. Reclassified Land Use in the North Fork Hardware River Watershed. 
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Figure 7. Land Use in the Lower Hardware River Watershed. 
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Figure 8. Reclassified Land Use in the Lower Hardware River Watershed. 
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Livestock Numbers 
Note: Animals numbers have not been updated for the reclassified land use yet. There 
were small changes in the pasture and forest areas, which will result in slight changes in 
the animal numbers. The current numbers provide very good estimates for discussion. 
The updated animal numbers will be available at the Hardware River TMDL Web Page: 
http://www.tmdl.bse.vt.edu/outreach/C105/. 

Cattle 

Dairy Cow Estimate Methodology 
Confidence Level: Medium 
The Virginia Department of Agriculture and Consumer Services (VDACS) provided a list of 
Grade A Dairy Farmers in Albemarle and Fluvanna Counties.  The addresses of these dairies 
have been located.  According to these locations, there are no dairies in the watersheds.  If you 
know of any dairies that are not Grade A facilities, please let us know. 

 
Table 3. Initial Estimates of Dairy Cow Population. 

All Sub-
watersheds 

Dairies Dairy Cows 

Total 0 0 
 

Beef Cattle Estimate Methodology: 
Confidence Level: Medium 
The Beef Cattle numbers were estimated using two different stocking densities. The first 
stocking density of 0.36 pairs per acre of pasture was used to estimate these numbers and is listed 
in Tables 3 and 4.  This stocking density was developed based on information from extension 
agents and faculty at Virginia Tech and has been used in previous TMDLs. The second stocking 
density of 0.12 pairs per acre of pasture was estimated from the National Agricultural Statistics 
Service (NASS) of the USDA, which provides inventories of cattle on a county-wide basis. The 
county-wide numbers of beef cattle pairs and total pasture for Albemarle and Fluvanna Counties. 
We do not know of a database of beef producers, so local knowledge about the location of beef 
farms will be crucial in correctly estimating the beef cattle population.  If there are a 
considerable number of stocker operations (as opposed to cow-calf operations), we need to know 
this. 
 
Note: Based on watershed visits, we think that the lower cow/calf pair density of 0.12 pairs per 

acre that was estimated from the NASS data is more representative of beef operations in the 
Hardware River watershed. 
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Table 4.  Initial Estimates of Beef Cattle Population in North Fork Hardware River. 
Sub-

watershed 
Beef Cattle 

Pairs a 
Beef Cattle 

Pairs b 

00 4 1 
01 23 7 
02 17 5 
03 53 17 
04 17 5 
05 121 39 
06 15 5 
07 30 10 
08 172 55 
09 568 183 
10 447 144 
11 97 31 
12 40 13 
13 21 7 
14 59 19 
15 116 37 
16 3 1 
17 78 25 
18 73 24 
19 130 42 
20 172 55 
21 8 2 
22 139 45 
23 55 18 
24 84 27 

Total 2,541 818 
a Stocking density of 0.36 pairs per acre of pasture from previous TMDL plans 
b Socking density of 0.12 pairs per acre of pasture from USDA National Agricultural Statistics Service data 
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Table 5.  Initial Estimates of Beef Cattle Population in Lower Hardware River. 
Sub-

watershed 
Beef Cattle 

Pairs a 
Beef Cattle 

Pairs b 

00 6 2 
01 71 23 
02 88 28 
03 126 41 
04 132 43 
05 54 17 
06 56 18 
07 98 31 
08 39 13 
09 37 12 
10 39 12 
11 30 10 
12 210 68 
13 3 1 
14 68 22 
15 88 28 
16 21 7 
17 53 17 
18 122 39 
19 108 35 
20 103 33 
21 57 18 
22 38 12 
23 40 13 

Total 1,689 543 
a Stocking density of 0.36 pairs per acre of pasture from previous TMDL plans 
b Socking density of 0.12 pairs per acre of pasture from USDA National Agricultural Statistics Service data 
 
 

Dairy and Beef Cattle Numbers Use: 
Manure from cattle can be directly deposited to the land surface (pasture or loafing lots), directly 
deposited to the stream (for pastures with stream access), or collected from animals in 
confinement.  Manure collected in confinement is later spread on the land surface.  Our 
methodology uses the application rates to calculate the amount of manure that is land-applied.  
The total manure produced is calculated as the product of the total number of cattle and their 
manure production rate; it is then apportioned to the aforementioned categories based on the 
percent of time the cattle spend in pastures, loafing lots, streams, and confinement. 
 



LSC Meeting  11/8/2006 

Hardware River Bacteria TMDL LSC Meeting 15 

Poultry 

Poultry Number Estimate Methodology 
Confidence Level: Medium 
These numbers are taken from permitted poultry operations with greater than 20,000 chickens or 
11,000 turkeys.  Operations with fewer than birds than the number required for a permit are not 
likely to be significant sources of bacteria to the watershed.  Potential issues with this 
information are historical changes (within the past 10 years) when large poultry operations may 
have gone in or out of business – these changes may affect our calibration. Based on these 
information sources there are no permitted poultry operations with greater than 20,000 chickens 
or 11,000 turkeys in the Hardware River Watershed. 
 
Table 6. Initial Estimates of Poultry Numbers. 

Turkeys Chickens 
All Sub-watershed  

Hens Toms Brooders  Pullets  Pullets  Broilers  
Total 0 0 0 0 0 0 

 
 

Poultry Number Use 
Poultry in operations >20,000 chickens or 11,000 turkeys are assumed to be confined all the 
time.  Therefore, the poultry litter is assumed to be stored and land applied or sold at a later date.  
Poultry litter will be assumed to be land applied. 
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Manure Application Characteristics 
We also could use some information on the average length of time storage facilities can handle 
manure in this watershed; the months of the year that manure is applied, and how much manure 
is applied each month (as a fraction of the total applied in a year), how often the manure is tilled-
in, and what a typical rotation is for this area (i.e., for a 10 year rotation, how many years of 
corn, rye, hay, etc. are there?). Note while reading the table that the amount of manure actually 
applied to the land surface is limited to the amount of manure produced by confined animals in 
the watershed, and that cropland has priority to receive manure application.  This means that if 
there is not enough manure produced in the watershed to meet the application rates for cropland, 
no manure will be applied to pasture. 

 
Table 7. Potential Manure Application Rates to Cropland and Pasture/Hay Land Uses. 

Type of Manure Cropland Pasture/Hay 
Liquid Dairy (gal/ac-yr) 6,600 3,900 
Solid/Semi-solid Cattle 

(lb/ac-yr) 
24,000 24,000 

Poultry Litter (lb/ac-yr) 6,000 6,000 
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Other Livestock 

Other Livestock Estimate Methodology 
Confidence Level: Low 
The National Agricultural Statistics Service (NASS) of the USDA provides inventories of these 
groups of animals (among others) on a county-wide basis.  The fraction of pasture area from 
each county present in each sub-watershed is multiplied by the total animal population for the 
county to make these estimates.  These are quite uncertain estimates, as the animal populations in 
the NASS may come from 2 or 3 farms in a county that may not even be located in the Hardware 
River watershed.  However, they are a good starting point for brainstorming. 
 

Other Livestock Numbers Use 
These animals are assumed to occupy pasture with minimal fecal contributions to the stream.  
Only the information for Horses was used. No information was available for pigs and ewes/goats 
in NASS (except for 8 pigs in Albemarle County). Any knowledge of any existing swine 
operations, large numbers of ewes/goats, or any other animal operations  in the watershed will be 
useful in our treatment of these animal numbers. 
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Table 8. Initial Estimates of Other Livestock Populations for North Fork Hardware River. 
Sub-

watershed 
Horses Pigs Ewes Goats 

00 1    
01 4    
02 3    
03 9    
04 3    
05 20    
06 2    
07 5    
08 28    
09 92    
10 72    
11 16    
12 6    
13 3    
14 10    
15 19    
16 0    
17 13    
18 12    
19 21    
20 28    
21 1    
22 22    
23 9    
24 13    

Total 410    
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Table 9. Initial Estimates of Other Livestock Populations for Lower Hardware River. 
Sub-

watershed 
Horses Pigs Ewes Goats 

00 1    
01 12    
02 14    
03 20    
04 21    
05 9    
06 9    
07 16    
08 6    
09 6    
10 6    
11 5    
12 34    
13 0    
14 11    
15 14    
16 3    
17 9    
18 20    
19 17    
20 17    
21 9    
22 6    
23 6    

Total 273    
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Wildlife Populations 
Note: Wildlife numbers have not been updated for the reclassified land use yet. There 
were small changes in the pasture and forest areas, which will result in slight changes in 
the wildlife numbers. The current numbers provide very good estimates for discussion. 
The updated wildlife numbers will be available at the Hardware River TMDL Web Page: 
http://www.tmdl.bse.vt.edu/outreach/C105/. 
 

Wildlife Population Estimate Methodology 
Confidence Level: Medium 
The wildlife population estimates are obtained through an analysis of appropriate habitat area 
surrounding water bodies in the watershed.  These estimates are based on habitat and population 
density estimates used in other TMDL watersheds and reported in the literature, harvest numbers 
from hunting, and include some adjustments we have made to create what we consider to be 
more reasonable estimates (Table 10). For deer and wild turkey, different animal densities were 
used based on different information (see footnotes at end of Table 10). 
 
Note: The different animal densities for deer and wild turkey are presented for comparison and 

demonstrate the similarity of the animal density estimates that result from different 
information sources. These similar results increase our confidence in the estimate of these 
populations. 

 
Table 10. Habitat and Population Density Estimates Used to Obtain Wildlife Numbers. 
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a Deer population density used in previous TMDL Plans from VADGIF information 
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b Deer population density developed from UVA wildlife study 
c Wild Turkey population density used in previous TMDL Plans from VADGIF information 
d Wild Turkey population density estimated from VADGIF 2005 Harvest information for Albemarle and Fluvanna 

Counties: estimated that 10% of the total population is harvested. 
e Wild Turkey population density estimated from VADGIF 5-year average (2000-2005) Harvest information for 

Albemarle and Fluvanna Counties: estimated that 10% of the total population is harvested. 

Wildlife Number Use 
Wildlife are assumed to deposit feces on their appropriate habitat areas.  Each type of wildlife is 
also assumed to spend a varying amount of time in the stream.  The bacteria production rate for 
each type of wildlife is distributed to the stream and to the land surface based on the fraction of 
time spent in the stream and the appropriate land use breakdown.   
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Table 11. Initial Estimates of Wildlife Populations for North Fork Hardware River. 
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00 7 6 0 1 1 4 6 3 5 1 0 1 

01 35 31 1 1 1 8 11 7 10 7 3 5 

02 68 61 1 1 2 12 16 9 14 14 6 10 

03 71 63 1 2 5 27 38 22 32 15 7 11 

04 72 64 2 2 3 17 24 14 21 15 7 11 

05 227 203 3 3 6 32 45 26 39 47 22 33 

06 6 5 0 6 1 5 7 4 6 1 0 1 

07 58 52 2 2 2 17 23 13 20 12 6 9 

08 121 108 1 13 3 19 26 15 22 26 12 18 

09 214 191 3 26 4 26 36 21 31 44 20 31 

10 151 135 7 14 4 22 31 18 27 30 14 21 

11 55 49 0 14 2 15 21 12 18 12 6 9 

12 115 103 1 7 3 17 24 14 20 24 11 17 

13 105 94 1 0 3 14 20 11 17 22 10 16 

14 50 45 1 3 1 9 12 7 10 10 5 7 

15 64 57 1 11 2 12 17 9 14 13 6 9 

16 34 30 0 0 2 9 13 8 11 7 3 5 

17 129 115 3 2 5 30 42 24 36 27 12 19 

18 37 33 2 3 1 7 9 5 8 8 4 6 

19 75 67 2 12 2 15 21 12 18 15 7 11 

20 194 173 7 15 6 38 54 31 46 39 18 28 

21 66 59 0 0 3 17 23 13 20 14 6 10 

22 191 171 1 14 5 28 39 22 34 40 18 28 

23 76 68 4 2 2 12 17 10 14 15 7 11 

24 84 75 0 11 4 22 31 18 26 18 8 13 

Total 2,305 2,060 44 165 73 434 606 348 519 476 219 338 
a Deer population density used in previous TMDL Plans from VADGIF information 
b Deer population density developed from UVA wildlife study 
c Wild Turkey population density used in previous TMDL Plans from VADGIF information 
d Wild Turkey population density estimated from VADGIF 2005 Harvest information for Albemarle and Fluvanna 

Counties: estimated that 10% of the total population is harvested. 
e Wild Turkey population density estimated from VADGIF 5-year average (2000-2005) Harvest information for 

Albemarle and Fluvanna Counties: estimated that 10% of the total population is harvested. 



LSC Meeting  11/8/2006 

Hardware River Bacteria TMDL LSC Meeting 23 

 
 
Table 12. Initial Estimates of Wildlife Populations for Lower Hardware River. 
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00 46 41 0 1 2 11 16 9 14 10 5 7 

01 69 62 1 0 4 20 27 16 23 14 6 10 

02 118 105 2 5 5 26 36 21 31 25 12 18 

03 156 139 2 1 2 13 18 10 16 33 15 23 

04 79 71 2 0 2 12 16 9 14 16 7 11 

05 38 34 1 1 3 18 25 14 21 8 4 6 

06 49 44 1 2 3 14 20 11 17 10 5 7 

07 107 96 2 4 3 14 20 12 17 22 10 16 

08 42 38 1 0 1 5 6 4 5 9 4 6 

09 81 72 1 0 3 14 19 11 16 17 8 12 

10 34 30 0 0 2 9 12 7 10 7 3 5 

11 85 76 0 0 2 10 14 8 12 18 8 13 

12 155 139 3 3 3 15 21 12 18 32 15 23 

13 41 37 0 0 2 9 12 7 11 9 4 6 

14 65 58 0 0 3 14 20 11 17 14 6 10 

15 42 38 1 1 2 9 12 7 10 9 4 6 

16 146 130 1 1 5 24 33 19 28 31 14 22 

17 116 104 1 0 2 8 12 7 10 24 11 17 

18 88 79 1 3 3 15 20 12 17 19 9 13 

19 81 72 2 3 4 22 30 17 26 16 7 11 

20 51 46 1 0 2 9 13 7 11 11 5 8 

21 60 54 0 3 2 13 19 11 16 13 6 9 

22 51 46 1 4 2 14 19 11 17 11 5 8 

23 36 32 2 0 1 6 8 5 7 7 3 5 

Total 1,836 1,641 26 32 63 324 448 258 384 385 177 273 
a Deer population density used in previous TMDL Plans from VADGIF information 
b Deer population density developed from UVA wildlife study 
c Wild Turkey population density used in previous TMDL Plans from VADGIF information 
d Wild Turkey population density estimated from VADGIF 2005 Harvest information for Albemarle and Fluvanna 

Counties: estimated that 10% of the total population is harvested. 
e Wild Turkey population density estimated from VADGIF 5-year average (2000-2005) Harvest information for 

Albemarle and Fluvanna Counties: estimated that 10% of the total population is harvested. 
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Human Population 

Human Population Estimate Methodology 
Confidence Level: Houses, High/Medium; Humans, Medium 
Human population estimates are based on the US Census Block Group information.  Block 
groups are smaller than counties, but still present a difficulty because they are not drawn on 
watershed lines.  Human population estimates are based on the proportion of a sub-watershed’s 
area that lies in a particular block group.  As with the estimates of livestock from the agricultural 
census, this number can be skewed if there is a large population area in a block group that does 
not lie within the watershed boundary. 
The age of houses was also estimated based on the US Census Block Group information.  The 
age categories available from the Census are Pre-1969, 1970 to 1989, and post 1989.  This 
method may be less accurate for new houses.  However, new houses do not contribute as much 
bacteria as older homes, so their exact number is less crucial to pin down. The number of straight 
pipes was estimated from the Census data for houses “Lacking complete plumbing facilities”. 
One ‘unit pet’ is assumed to occupy every house.  This is equivalent to one dog or several cats.  
Acknowledging that many people do not have pets and several people have many pets, this 
averages out to an accurate estimation in most watersheds. 

 

Human Number Use 
Where sewer networks exist, the bacteria from humans is not considered as a nonpoint source 
load, but is instead represented by the effluent from a sewage treatment plant.  To the best of our 
knowledge, there is not a sewer network in the areas of consideration for the Hardware River 
watershed.  In this case, all the houses fall into the ‘unsewered’ category.  Of these unsewered 
houses, any houses “Lacking complete plumbing facilities” from the Census data have the 
potential to discharge sewage directly to the stream via a straight pipe.  All sewage produced by 
humans occupying these houses is assumed to be directly deposited in the stream.  This increases 
the bacteria, nutrient, and organic matter content of the stream.  The remaining houses are 
assumed to have septic systems.  The septic system failure rates were based on house age: 20% 
for Pre-1969, 5% for 1970 to 1989, and 1% for post 1989. These failure rates have been used in 
previous TMDLs and were developed based on input from septic system pump-outs and best 
professional judgment. For failing septic systems, sewage may rise to the land surface.  This 
becomes a load to residential land surfaces.  Bacteria from pet feces is also a load to residential 
land surfaces. 
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Table 13. Initial Estimates of Human Population Information for North Fork Hardware 
River. 
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00 8 3 3 1 2 0 0 0 
01 50 21 21 10 9 2 2 0 
02 65 26 26 7 15 5 2 0 
03 67 27 27 7 15 5 2 0 
04 104 43 43 20 19 5 5 1 
05 358 147 147 55 54 38 14 3 
06 10 4 4 1 1 1 0 0 
07 124 51 51 13 15 23 3 1 
08 238 98 98 27 30 41 7 1 
09 275 113 113 44 41 27 11 2 
10 194 79 79 31 28 19 8 2 
11 71 29 29 12 11 7 3 1 
12 147 60 60 24 22 15 6 1 
13 98 41 41 19 15 7 5 1 
14 51 22 22 8 10 3 2 0 
15 76 34 34 20 12 2 5 1 
16 32 13 13 3 7 2 1 0 
17 128 52 52 17 25 10 5 1 
18 45 18 18 7 7 4 2 0 
19 96 39 39 15 14 10 4 1 
20 234 96 96 39 35 22 10 2 
21 61 26 26 12 9 4 3 1 
22 231 94 94 38 34 22 10 2 
23 77 32 32 14 12 6 3 1 
24 78 33 33 15 12 6 4 1 

Total 2,916  1,200 1,200 459 454 286 116 23 
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Table 14. Initial Estimates of Human Population Information for Lower Hardware River. 
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00 72 30 30 14 11 5 3 1 
01 130 61 61 33 20 8 8 2 
02 193 83 83 41 29 14 10 2 
03 232 94 94 41 35 18 10 2 
04 136 60 60 31 21 9 7 2 
05 50 18 18 7 7 4 2 0 
06 64 24 24 8 10 6 2 0 
07 142 52 52 18 21 12 5 1 
08 89 41 41 24 11 6 5 1 
09 91 39 39 17 17 4 4 1 
10 42 16 16 5 7 3 1 0 
11 99 38 38 12 17 8 3 1 
12 146 59 59 15 34 11 5 1 
13 39 16 16 4 9 3 1 0 
14 65 26 26 7 14 5 2 0 
15 39 16 16 4 9 3 1 0 
16 140 57 57 14 32 10 5 1 
17 110 44 44 11 25 8 4 1 
18 102 42 42 15 21 6 4 1 
19 79 32 32 10 17 5 3 0 
20 61 25 25 10 12 3 3 0 
21 86 36 36 17 15 4 4 1 
22 74 31 31 14 13 3 4 1 
23 37 15 15 5 8 2 1 0 

Total 2,316  954 954 377 415 161 98 19 
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Notes 



 

 

 


