


































































 

APPENDIX A: 

STORAGE TANK 

CALCULATIONS 
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Storage Tank calculations 

Cement Requirements  

Assuming a 1:2:3 ratio of dry cement, sand and gravel 

Volume of dry cement in 1 kg: 

𝑉𝑜𝑙 =
1𝑘𝑔

1440𝑘𝑔/𝑚ଷ
= 0.000694 𝑚ଷ 

Volume of 1 bag of dry cement (45.36 kg): 

𝑉𝑜𝑙 =
45.36𝑘𝑔

1440𝑘𝑔/𝑚ଷ
= 0.0315𝑚ଷ 

Volume of sand and gravel given the ratio of 1:2:3 
need to mix with one bag of dry cement: 

𝑉𝑜𝑙௦௔௡ௗ = 0.0315𝑚ଷ ∗ 2 = 0.063𝑚ଷ 

𝑉𝑜𝑙௚௥௔௩௘௟ = 0.0315𝑚ଷ ∗ 3 = 0.094𝑚ଷ 

Weight of sand and gravel: 

𝑊௦௔௡ௗ = 0.063𝑚ଷ ∗
1600𝑘𝑔

𝑚ଷ
= 100.8𝑘𝑔 

𝑊௚௥௔௩௘௟ = 0.094𝑚ଷ ∗
1450𝑘𝑔

𝑚ଷ
= 136.3𝑘𝑔 

Water needed: 

Water to cement ratio = 0.55 

𝑊௪௔௧௘௥ = 45.36𝑘𝑔 ∗ 0.55 = 24.95𝑘𝑔 

Total concrete volume: 

𝑉𝑜𝑙 =
𝑚

𝜌
=

45.36𝑘𝑔 + 100.8𝑘𝑔 + 136.3𝑘𝑔 + 24.95𝑘𝑔

2400𝑘𝑔/𝑚ଷ
= 0.128𝑚ଷ 

Resources needed to produce one m3 of concrete: 

  Dry cement: 1𝑚ଷ ∗
ଵ ௕௔௚

଴.ଵଶ଼௠య
= 7.81 ≈ 8 𝑏𝑎𝑔𝑠 

  Sand: 1𝑚ଷ ∗
ଵ଴଴.଼௞௚

଴.ଵଶ଼௠య
∗

ଵ௠య

ଵ଺଴଴௞௚
= 0.492𝑚ଷ  ∗

ଷହ.ଷ௙௧య

ଵ௠య
= 17.41𝑓𝑡ଷ  

Gravel: 1𝑚ଷ ∗
ଵଷ଺.ଷ௞௚

଴.ଵଶ଼௠య
∗

ଵ௠య

ଵସହ଴௞௚
= 0.734𝑚ଷ  ∗

ଷହ.ଷ௙௧య

ଵ௠య
= 25.93𝑓𝑡ଷ 

This material reference for 1 m3 of concrete is used for all of tank calculations 

  Density, ρ (kg/ 
m3) 

Dry Cement 1440  
Sand 1600 
Gravel 1450 
Wet 
concrete 

2400 
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**Peace Corps volunteer recommends 10% extra sand and gravel material for all 
construction.  
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STORAGE TANK BASE: 

Rebar Requirements 

Dimension: 126in * 110in * 6in 

Volume: 83160 in3 = 1.36 m3 

 

Long side is 126 inches 

Rebar located 1.5 inches from the bottom of the base and start 3 inches from either end 

 

 

 

 

 

𝐴௦ = 𝜌𝑏𝑑 = 0.002 ∗ 12𝑖𝑛 ∗ 4.5𝑖𝑛 = 0.11𝑖𝑛ଶ/𝑓𝑡 



A iv 
 

Where As 
= 

Area of steel 

fy= 
fc’= 

ρ= 
b= 
d= 

 
ρg= 
ρs= 

Yield stress 
Design concrete 
Reinforcement ratio 
Width/spacing 
Effective depth from top 
of slab to centroid of 
rebar 
Density of gravel 
Density of sand 

 

   

 

 

This means that the bars must be spaced 14.8 inches or less apart.  

 

 

Thirteen (13), 104 in rebar bars are needed. They are sold in 30-ft lengths 

104 𝑖𝑛

12
𝑖𝑛
𝑓𝑡

∗ 30 𝑓𝑡
= 3.46 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 𝑝𝑒𝑟 𝑏𝑎𝑟 

 

13 𝑙𝑒𝑛𝑔𝑡ℎ𝑠

3.46 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 𝑝𝑒𝑟 𝑏𝑎𝑟
=  4.3 30 𝑓𝑡 𝑏𝑎𝑟𝑠 

 

In the short direction, 110 inches less rebar is needed 

The bars will be spaced 11 inches apart 

110 𝑖𝑛 − 3𝑖𝑛 ∗ 2

11𝑖𝑛
= 10 𝑠𝑝𝑎𝑐𝑒𝑠, 11 𝑏𝑎𝑟𝑠 

Eleven (11), 120 in rebar bars are needed.  

120 𝑖𝑛

12
𝑖𝑛
𝑓𝑡

∗ 30 𝑓𝑡
= 3 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 𝑝𝑒𝑟 𝑏𝑎𝑟 

 

126 𝑖𝑛 − 3𝑖𝑛 ∗ 2

10𝑖𝑛
 = 12 𝑠𝑝𝑎𝑐𝑒𝑠,  13 𝑏𝑎𝑟𝑠

0.20 = 0.003 ∗ 𝑏 ∗ 4.5𝑖𝑛 = 14.8𝑖𝑛

Reference says needs to be between 
0.003 and 0.004 
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11 𝑙𝑒𝑛𝑔𝑡ℎ𝑠

3 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 𝑝𝑒𝑟 𝑏𝑎𝑟
=  3.67 30 𝑓𝑡 𝑏𝑎𝑟𝑠 

Total rebar needed for base 

4.3 𝑏𝑎𝑟𝑠 + 3.67 𝑏𝑎𝑟 = 7.97 𝑏𝑎𝑟𝑠 = 8 𝑏𝑎𝑟𝑠 

Will need 1 small rock every 4 ft2 (25 rocks total) to hold the rebar approximately 1.5” 
above the ground when pouring the concrete. Plastic chairs can be used, but this is a more 
expensive alternative.  

Cement Requirements 

Dry cement: 7.81
ୠୟ୥ୱ

௠య
∗ 1.36 𝑚ଷ = 10.6 𝑏𝑎𝑔𝑠 = 11 𝑏𝑎𝑔𝑠 

Sand: 17.4
௙௧య

௠య
∗ 1.36 𝑚ଷ ∗ 1.1 = 26.03 𝑓𝑡ଷ ∗

௠య

ଷହ.ଷ ௙௧య
= 0.74 𝑚ଷ 

Gravel: 25.93
௙௧య

௠య
∗ 1.36 𝑚ଷ ∗ 1.1 = 38.79 𝑓𝑡ଷ ∗

௠య

ଷହ.ଷ ௙௧య
= 1.09 𝑚ଷ 

 

 

STORAGE TANK WALLS: 

Walls will be laid 4 inches in from each side of the 
base. They will be 4 feet tall.  

The estimate of family water demand, provided by 
the Peace Corps volunteer is 180 gallons per 
family per day. Using this demand, a tank was 
designed to hold enough water for all seven 
families for one day with an additional 30% as a 
safety factor.  

180
𝑔𝑎𝑙𝑙𝑜𝑛𝑠

𝑓𝑎𝑚𝑖𝑙𝑦 ∗ 𝑑𝑎𝑦
∗ 7 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠 ∗ 1 𝑑𝑎𝑦 ∗ 1.30 = 1638 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 = 219 𝑓𝑡ଷ 

The walls were designed so that CMU blocks would not need to be cut. The resulting 
dimensions are 7 blocks long by 6 blocks wide (118 inches x 102 inches). 

 

CMU Block Requirement 

Per layer 

(2 ∗ 6 𝑏𝑙𝑜𝑐𝑘𝑠) + (2 ∗ 7 𝑏𝑙𝑜𝑐𝑘𝑠) = 26 𝑏𝑙𝑜𝑐𝑘𝑠 𝑝𝑒𝑟 𝑙𝑎𝑦𝑒𝑟 

Wall needs to be four feet tall to meet the community demands 
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4 𝑓𝑒𝑒𝑡 ∗
12 𝑖𝑛𝑐ℎ𝑒𝑠

1 𝑓𝑜𝑜𝑡
∗

1 𝑏𝑙𝑜𝑐𝑘

6 𝑖𝑛𝑐ℎ𝑒𝑠 𝑡𝑎𝑙𝑙
= 8 𝑏𝑙𝑜𝑐𝑘𝑠 = 8 𝑙𝑎𝑦𝑒𝑟𝑠 

Total Blocks needed 

26 𝑏𝑙𝑜𝑐𝑘𝑠 𝑝𝑒𝑟 𝑙𝑎𝑦𝑒𝑟 ∗ 8 𝑙𝑎𝑦𝑒𝑟𝑠 = 208 𝑏𝑙𝑜𝑐𝑘𝑠 

*Peace Corps volunteer recommends 5% extra blocks to account for breakage in 
transport 

208 𝑏𝑙𝑜𝑐𝑘𝑠 ∗ 1.05 = 219 𝑏𝑙𝑜𝑐𝑘𝑠 

Rebar Requirements 

Rebar is added to the tanks, with recommended spacing of 16 inches on center.  

Given that the CMU blocks are 16 inches long, 1 bar of rebar should be placed per block. 

Since there are 26 blocks in a layer, 26 lengths of rebar are needed 

The bar should extend from the top of the tank base to the bottom of the tank cover.  

Total length of rebar needed 

26 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 ∗
48 𝑖𝑛𝑐ℎ𝑒𝑠

𝑙𝑒𝑛𝑔𝑡ℎ
= 1248 𝑖𝑛𝑐ℎ𝑒𝑠 𝑜𝑓 𝑟𝑒𝑏𝑎𝑟 

Sold in 30 foot lengths. Total bars required to purchase. 

1248 𝑖𝑛𝑐ℎ𝑒𝑠 ∗
1 𝑏𝑎𝑟

30 𝑓𝑒𝑒𝑡
∗

1 𝑓𝑜𝑜𝑡

12 𝑖𝑛𝑐ℎ𝑒𝑠
= 3.47 𝑏𝑎𝑟𝑠 = 4 𝑏𝑎𝑟𝑠 𝑜𝑓 𝑟𝑒𝑏𝑎𝑟 

 

Mortar Fill Requirements 

Mortar (1:3 ratio) will be used to fill the CMU blocks 

Each hollow CMU block has 

൬3
5

8
𝑖𝑛 ∗ 6.3125 𝑖𝑛 ∗ 6 𝑖𝑛 ൰ ∗ 2 = 274.594 𝑖𝑛ଷ 𝑣𝑜𝑖𝑑 𝑠𝑝𝑎𝑐𝑒 

Total void space in wall 

274.594 𝑖𝑛ଷ 𝑝𝑒𝑟 𝑏𝑙𝑜𝑐𝑘 ∗ 208 𝑏𝑙𝑜𝑐𝑘𝑠 = 57115.5 𝑖𝑛ଷ = 0.936 𝑚ଷ 

Mortar is also used to join the blocks with 3/8 inches of fill. 

Total mortar needed to joint he blocks 

൬6𝑖𝑛 ∗ 6𝑖𝑛 ∗
3

8
𝑖𝑛൰ ∗ 2 + ൬6𝑖𝑛 ∗ 16𝑖𝑛 ∗

3

8
𝑖𝑛൰ ∗ 2 ∗ 208 𝑏𝑙𝑜𝑐𝑘𝑠 = 20592 𝑖𝑛ଷ = 0.34 𝑚ଷ  
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Total mortar needed for tank walls = 0.936 m3 + 0.34 m3 = 1.2776 m3 

 

Using 1:3 ratio cement to sand 

Volume 1 bag cement = 0.0315 m3 

Volume sand = 0.0315 m3 *3 = 0.094 m3 

Weight sand = 0.094 m3 * 1600 kg/ m3 = 150.4 kg 

Weight water = 0.094 m3 * 0.63 = 29.48 kg 

𝑉𝑜𝑙 =
𝑚

𝜌
=

29.48𝑘𝑔 + 150.4𝑘𝑔 + 45.36𝑘𝑔

1600𝑘𝑔/𝑚ଷ
= 0.141𝑚ଷ 

For 1 m3 of mortar: 

Dry cement: 1𝑚ଷ ∗
ଵ ௕௔௚

଴.ଵସଵ௠య
= 7.09 ≈ 8 𝑏𝑎𝑔𝑠 

 Sand: 1𝑚ଷ ∗
ଵହ଴.ସ௞

଴.ଵସଵ௠య
∗

ଵ௠య

ଵ଺଴଴௞௚
= 0.67𝑚ଷ  ∗

ଷହ.ଷ௙௧య

ଵ௠య
= 23.53𝑓𝑡ଷ  

Walls need: 

 7.09 bags *1.2776 = 9.04 bags = 10 bags dry cement 

 23.53 𝑓𝑡ଷ  ∗  1.2776 ∗  1.1 =  33.07 𝑓𝑡ଷ 𝑠𝑎𝑛𝑑 ∗
ଷହ.ଷ ௙௧య

ଵ ௠య
 =  0.94 𝑚ଷ 𝑠𝑎𝑛𝑑 

 

STORAGE TANK COVER: 

Dimensions: 126 in * 110 in * 6.5 in 

Rebar Requirements 

𝐴௦ = 𝜌𝑏𝑑 

 

Maximum of 18 inch spacing recommended between rebar. For even spacing, bars will 
be spaced 14 inches apart from each other one the long side and 14.5 inches on the short 
side.  

 Nine (9), 30 foot bars needed 

Additional rebar should be placed near the hatch as shown in the figure below. 

 

These pieces are each 51. 36 inches long and 4 pieces will be required.  

0.20 = 0.002 ∗ 𝑏 ∗ 5𝑖𝑛 = 20𝑖𝑛



A viii 
 

Total bars needed for tank 

9 + 4 = 13 𝑏𝑎𝑟𝑠 

23 rocks or plastic chairs for rebar placement 

 

Concrete Requirements 

Minimum thickness: L/20 = 126 in /20 = 6.3 inch 

Slab should be 6.5 inches thick 

6.5in * 126in * 110in – 24in *36in * 6.5 in = 84,474 in3 = 1.38 m3 

Cement fill 

Dry cement: 7.81
ୠୟ୥ୱ

௠య
∗ 1.38 𝑚ଷ = 10.78 𝑏𝑎𝑔𝑠 = 11 𝑏𝑎𝑔𝑠 

Sand: 17.4
௙௧య

௠య
∗ 1.38 𝑚ଷ ∗ 1.1 = 26.4 𝑓𝑡ଷ ∗

௠య

ଷହ.ଷ ௙௧య
= 0.75 𝑚ଷ 

Gravel: 25.93
௙௧య

௠య
∗ 1.38 𝑚ଷ ∗ 1.1 = 39.36 𝑓𝑡ଷ ∗

௠య

ଷହ.ଷ ௙௧య
= 1.12 𝑚ଷ 

Hatch Requirements 

2in overhang on each side of the 2ft * 3ft hole.  

Dimension: 40in * 28in 

Materials: 

40 in * 28 in piece of timber 

4 anchor bolts 

4 5in * 1in * 1in pieces of timber 

4 3in * 1in * 1in pieces of timber 

8 1.5in screws 
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Guidelines for the construction of 
low-profile tomas 
 

Introduction 
It’s hard. It’s frustrating. It will make you think you’re not qualified to do your job. It won’t be 

pretty, and it definitely won’t be perfect. You won’t capture all the water. You will be left 

second-guessing what you did. 

 

But, if you can get past all of that, you will hopefully end up with some sort of structure that 

captures the majority of the water and sends it to the community. And that is a beautiful thing. 

This is probably the only time in your life that you will have the opportunity to help someone get 

running water at their house. 

 

The purpose of a toma 
The purpose of a toma is to capture the water in such a way that it is easier for the water to leave 

the toma through the conduction line than to seep out elsewhere. You have to do this without 

changing the groundwater hydrology so that the spring doesn’t move and surface elsewhere, 

leaving you with an empty concrete monument. The bottom line is that you want to make it as 

easy as possible for the spring to flow into the toma and get the water out of there as fast as 

possible. You don’t want water to build up or be stored in the toma as this will create water 

pressure which will encourage the water to look for alternate exits which could ruin the toma. 

This is the most important thing to remember when building a toma. The rest is just guidelines. 

 

Overview of low-profile tomas 
Low-profile tomas are small and follow the ground contours (Figure 1). There are concrete walls 

on the sides and downstream end of the toma (Figure 2). The toma itself is filled with rocks, 

leaving lots of voids for the water to flow through. The whole thing is covered with a concrete 

slab to prevent runoff from entering and contaminating the spring water. Tomas have 3 exit 

pipes—the overflow, conduction line, and cleanout (Figure 3). The overflow is to allow water 

that doesn’t fit in the condutction line to escape without looking for alternate routes and 

potentially ruining the toma. It is usually a piece of 2” PVC pipe covered with mesh at the end to 

prevent critters from getting in. For overflow pipe sizing see Thomas Jordan’s book Handbook of 

gravity-flow water systems, page 103. Make sure the overflow is far enough from the toma wall 

that water leaving the overflow won’t cause erosion of the toma wall or ground the toma wall sits 

on. The conduction line is to pipe water to the storage tank. I recommend that the conduction line 

has a shutoff valve followed by an air-release valve leaving the toma. The cleanout is 2” PVC 

pipe with a male adapter and threaded cap. This allows you to drain the toma for cleaning and 

get all the dirt out. The cleanout should be as low as possible. The conduction line goes just 

above the cleanout, and the overflow has to be completely above the conduction line. The toma 
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also has an access hatch with a lid above the pipes so that the toma can be opened up for 

cleaning. 

 

 
Figure 1: Low-profile toma. 

 

 
Figure 2: Diagram of a low-profile toma. The blue is the wing walls and the green is the concrete slab that is 

poured on top. The purple is the access hatch lid. Most likely your toma won’t have such straight edges like this 

drawing. Rather it will look more like Figure 1. Remember, low-profile tomas follow the ground profile to avoid 

using more materials than necessary or having water buildup in the toma. 
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Figure 2: Pipes leaving the toma: overflow, conduction (transmission) line, and cleanout. 

 

Flow rate measurements and initial investigations 
Before building a toma and designing an aqueduct, you’ll need to do almost a year’s worth of 

flow rate measurements and initial investigations. When you measure the flow rate, you’re 

probably going to capture all the water just downstream of the spring and measure the flow rate. 

I would recommend doing this monthly during the dry season (definitely make sure to get a 

measurement at the end of the dry season so that you know the minimum flow rate) as well as 

one measurement during the wettest part of the wet season (to know the maximum flow for 

conduction line sizing). When you do these flow rate measurements, it’s also worthwhile to do a 

little bit of investigation. Clear a little bit of the monte (no need to excavate all the way down to 

the impermeable layer) to get an idea of where the spring(s) is actually coming out. Note how it 

changes during the seasons. You’ll want to build the toma during the summer so that you capture 

the water that’s live year-round, but it’s also useful to know where the water comes out during 

the winter. Also, having a good idea of where the springs are will allow you to more accurately 

estimate material quantities. You’ll want to investigate several springs during the dry season so 

that at the end of the dry season you can pick the one with the highest flow rate. The water 

should be coming out of one spot (ideally), or a small area (less ideal but more likely). 

Waterlines does not fund projects that are stream intakes. 

 

Also, you should make sure that there’s an impermeable layer somewhere (you may have to dig 

down a bit) that you will be able to tie the walls into. Without an impermeable layer to pour the 

concrete on, the water will just find a way to escape under whatever you build. If there’s a lot of 

water, you and your community are going to want to use the spring, but you really can’t build a 

good springbox without some type of impermeable layer. True story. Trust me. 

 

Materials 
In order to determine how much materials to buy, you’ll have to estimate the finished size of the 

toma. Measure a square around the area where the water surfaces. It’s better to overestimate; 

however, I would recommend starting by buying only a couple bags of cement and a 
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corresponding amount of sand so that you don’t have a bunch of leftovers at the end. On the 

other hand, if you’re also going to build a tank you can buy more cement and sand initially for 

the toma knowing that whatever you don’t end up using for the toma will be used for the tank. 

 

To calculate the materials needed for the concrete slab covering the toma (including the lid): 

Assume the slab is 8 cm (3 in.) thick. 

Vmix = Area of toma * 0.08 m 

 

The slab will be 1 cement : 4.5 cascajo, if the cascajo is dirty (comes from a river). You can use 

1 cement : 5 cascajo if the cascajo is clean (bought) (Bingley, 2004). 

 

Vcascajo = Vmix (Jordan, 2007)  

Vcement = 1/4.5 * Vmix (for dirty cascajo) or Vcement = 1/5 * Vmix (for clean cascajo) 

 

To calculate the materials needed for the wing walls: 

Calculate the total length of the walls along the sides and bottom part of the toma. Assume they 

have a height of 0.3 m and a width of 0.15 m. 

 

Vwall = Total length of walls * 0.3 m * 0.15 m  

 

For a stone masonry wall assume 35% mortar and 65% stone (Jordan, 2007).   

   

Vmix = 0.35 * Vwall  

 

The mix will be 1 cement : 4 sand (Jordan, 2007). 

 

Vsand = Vmix 

Vcement = ¼ * Vmix 

 

You will need Sika-1 for the walls. 

If you’re going to plaster the toma walls, you’ll need some more cement, Sika-1, and bought 

sand, but it won’t be much. 

 

Materials list: 

 Cement: Calculate as described above. There are approximately 2 cubos (10 gal.) in a bag 

of cement. 

 Black plastic trash bags: One trash bag per bag of cement to protect the cement during 

transport.  

 Cascajo: Calculate as described above. 

 Sand: Calculate as described above. 

 Rebar, 3/8”: 1 rama (30’) for access hatch lid. 

 Wire: 1 lb. for tying rebar for access hatch lid. 

 Teflon tape: 1 roll for the threaded connections. 

 Sika-1: 2-3 jugs depending on the size of your toma. Make sure to buy Sika-1 (which 

makes the concrete impermeable) not Sika-2 (which makes the concrete set faster). 

 PCV glue: 1 bottle for gluing connections. 
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 Nails: 1 lb. to make a frame for the access hatch and lid. 

 1x4s: You can use can use scraps, but it helps to have something to use as a form for the 

access hatch and lid. 

 Sacos: Enough to cover the rocks before you pour the concrete slab. You don’t have to 

use them, but I find this makes it easier. 

 Rocks: You’ll need a bunch of rocks of various sizes, but you’ll probably be able to 

collect them from the area. 

 

Breather tubes: 

 ¾” PVC pipe, SDR 21: 1 tramo 

 ¾” caps: One per breather tube. I do about 1 breather tube per m2. 

 

Overflow: 

 2” PVC pipe, SDR 26: 3’ 

 Plastic mesh: 1’ to put over the opening 

 

Condcution line: 

 PVC pipe, size of conduction line: 1 tramo 

 Shutoff valve, size of conduction line: 1 

 Air-release valve, size of conduction line: 1 

 

Cleanout: 

 2” PVC pipe, SDR 26: 3’ 

 2” male adapter: 1 

 2” threaded cap: 1 

 

Tools 
Below is a list of recommended tools for toma construction. If you’re on a tight budget you can 

make do without some of them, but having them will make the job easier. 

 2-3+ Cubos: These are useful for everything--diluting Sika-1, moving concrete around, 

excavating dirt, collecting rocks, rinsing, etc. 

 3+ Totumas/KLIM cans: These are useful for measuring water, Sika-1, cement, sand, 

and gravel, as well as cleaning the toma. 

 2-3 Shovels: For clearing the toma area and mixing concrete. 

 Machetes: Make sure at least one person brings theirs. The day you clear the toma area 

you’ll need more. 

 1 Pickax: Personally I don’t allow pickaxes at the toma worksite because I’m so afraid of 

puncturing the impermeable layer. The workers don’t appreciate this, but it greatly 

reduces my stress. There’s rarely a time when you really need a pickax, but you might 

want to have one handy. 

 1 Saco: If you’re going to use a saco to mix the concrete, be sure to bring one. Also be 

sure to rinse the concrete off and leave it to dry once you’re done mixing so that you can 

use it again. 
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 3-4’ Metal mesh: You’ll need this to sieve the sand. If you buy sand, you can probably 

get away without this. Bought sand has some small rocks in it, but they are fine in the 

walls, and you can pick them out by hand for the plaster if you don’t have mesh. If you 

are getting sand from the river you definitely need this. 

 1 Wooden float: For concrete finishing. 

 1-2 Trowels: For placing the concrete and plastering the walls. 

 1 Hacksaw: For cutting rebar and PVC pipe. 

 1 Tape measure: Not absolutely necessary, but it helps. 

 1 Leatherman or pliers and wire cutters: For cutting the wire and tying the rebar in the 

access hatch lid (if you do a reinforced concrete lid). 

 Wood saw: For cutting wood for the access hatch and frame for the lid. There’s not a lot 

of wood to cut so if you don’t have a wood saw you could get away with using the 

hacksaw. 

 Hammer: For nailing together the frames for the access hatch and lid. 

 

Construction logistics 
Tomas should be built during the summer to ensure that you capture the water that’s live year 

round. Also, it’s easier to work during the dry season because there’s less water that you’ll have 

to work around and divert while building. I like working with about 6 people. Toma construction 

is slow, precise, detailed work requiring patience. If you have too large of a group it’s hard to 

make sure everyone is doing what they’re supposed to be doing, and you’ll probably have people 

sitting around because there isn’t anything for them to do. You’ll have to be very involved and 

hands on during toma construction. In terms of time, it can take anywhere from 3 days to a week 

or more, depending on the size of the toma, how much you have to dig to get down to the 

impermeable layer, and how things go. Ideally you’ll be able to work consecutive days until you 

finish. 

 

The “spring” 
The “spring” is where ever the water is surfacing. You need to make sure that you’re capturing 

spring water not surface runoff or a stream. Ideally the water will be surfacing at a single spot. 

More likely you’ll have a several springs in a small area. You might also have water seeping up 

from all over an area with no clear spring. Whatever it is, just make sure that you are getting 

spring water not soil moisture, surface runoff, or a stream. 

When you build the toma, you want the springs to be free flowing. That means that the overflow 

pipe needs to be lower than where the spring surfaces so that the water flows out of the spring 

above the standing water level in the toma. This is to ensure that there is no hydraulic resistance 

caused by the toma that will prevent the water from surfacing there. Water is lazy and will 

always follow the easiest path. Therefore, if by building the toma you create hydraulic resistance 

to the water surfacing at the current spring, it will find somewhere else to surface (slowly over 

time) so the spring will move and eventually your toma won’t be capturing any water because it 

will be surfacing somewhere else that’s easier. On this same note, when you’re clearing the area 
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for the toma, you want to clear away the dirt and rocks where the spring is as much as possible to 

make it as easy as possible for the water to surface there. 

 

The impermeable layer 
The impermeable layer is what prevents the water from infiltrating back down into the earth, and 

it’s what you have to tie the walls into so that water doesn’t escape from the springbox. Just 

because the water is flowing over the surface doesn’t mean that you have a good impermeable 

layer. That just means that it’s easier for the water to flow across the surface than down; 

however, as soon as you have even a couple of inches of head (which will happen even in a low-

profile toma) the water will start flowing down/under the wall if you don’t have an impermeable 

lay to tie the wall into. 

 

Also note that if you puncture the impermeable layer during construction, water will infiltrate, 

and you will lose the spring. If you lose your water source, there won’t be any aqueduct, so be 

very careful. 

 

What the impermeable layer looks like varies greatly. It could be a clay layer or a bedrock layer. 

Make sure that is substantial enough it won’t get damaged during the first wet season which will 

cause all of the water will start escaping out under the walls. (True story. Trust me.) The 

impermeable layer is so important because you need something to tie the walls into that water 

won’t seep out under. Also, clearing the toma down to the impermeable layer should reduce the 

amount of sediment in the water. 

 

Clearing the area 
The first step is to clear cut the area with a machete. Only clear cut where the spring is, a little bit 

of work space, and a clear path to the toma (that you’ll layer be able to carry materials on). 

Remember that vegetation is important, so you don’t want to clear cut any more than you 

absolutely have to. However, you also don’t want roots growing into the toma because they can 

clog it and cause other problems. 

 

Then you want to start digging (usually with your hands) around where the water is coming out 

to find the springs and clean that out. You need to clear everything down to an impermeable 

layer, especially where the walls are going to be. Remember that the spring needs to be free 

flowing, so you don’t want to dig a big hole down because all the pipes should be even lower 

than that. An easy way to clear the toma is by throwing water on the rocks. This washes away 

everything that easily comes loose without risk of damaging the impermeable layer. You usually 

don’t have to remove large rocks (since you’re going to be filling it back in with rocks anyway) 

unless you need to remove them in order to clear down to the impermeable layer. If they aren’t in 

the way, just leave them. 

 

If you don’t immediately have an obvious impermeable layer, it works well to start digging a 

little ways downstream of where the toma will be. This way you can look for the impermeable 

layer without worrying about puncturing it and losing the spring. Keep digging until you find 
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something good. Once you have found the impermeable layer, follow it back upstream to the 

toma. Be careful because sometimes the layers can change, even in a small area.  

 

Deciding toma limits 
The toma doesn’t have to be very big at all. In fact, the smaller it is, the less work it will be to 

build and the less materials you’ll have to buy. In some cases it might make more sense to build 

2 smaller tomas and connect them with a junction box instead of building a toma over a large 

area without springs. 

 

You might not be able to capture all of the water, but these are the main things to keep in mind. 

You want to capture the majority of the water that flows during the summer. You want to capture 

all of the water that you think is hydrologically connected. That is to say, you don’t want to leave 

a spring uncaptured if you think it’s directly connected to one of the springs in the toma because 

water might decide to come out there instead of in the toma and then you will lose that water.  

 

When deciding where the walls will go, make use of what’s already there—rocks, rock/dirt 

walls, etc. You usually don’t build a wall on the upstream side because that’s where the water is 

coming from. Ideally you will back/tie into a dirt or rock wall (Figure 4). If spring water is 

coming in from the sides, then you won’t build side walls either. Even if you don’t build side 

wing walls, you still need something the downstream wall can tie into on each side to make sure 

that the water doesn’t escape around the sides of the downstream wall (Figure 5). 

 

 

 
Figure 4: Toma with wing walls tied back into rock or dirt wall on the upstream side. 
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Figure 5: Toma without side walls. Downstream wall is tied into rock or dirt walls on the sides. 

 

Whatever you end up deciding, it’s important to document what you did and why. It’s also 

helpful to have pictures and/or diagrams of where the springs are because once you build the 

toma you/anyone who comes to work on it in the future will never be able to see that again. 

Include this in your completion report and leave a copy with the water committee in case 

someone else comes to work on the toma in the future when you’re gone. The more information 

and details you provide, the more useful this will be. 

 

You never pour a concrete floor in the toma. Water comes up from the ground, and pouring a 

concrete floor will block this water. Also, pouring a concrete floor if you can’t find the 

impermeable layer doesn’t work because water can just go under the floor if you don’t have an 

impermeable layer to tie into. 

 

Construction 
Once you have cleared the area and decided the extents of the toma, it’s time to start building.  

 

1. Clay wall and exit pipes 

The first thing you’re going to do is build clay walls just upstream of where the actual wing walls 

will go (Figures 6 and 7). Ideally you’ll want at least 6 inches between the clay wall and the 

actual wall so that you have room to work. Put the 3 exit pipes in the clay, and make sure the 

pipes are aligned how you want them. Remember that the overflow should be lower than the 

springs so that they are free flowing. This clay wall doesn’t have to be as tall or long as the 

actual wall will be; it just has to capture and divert the water through the pipes so that you have a 

dry place to build the walls, and it only has to last a couple of hours while you build the wall and 

the concrete sets (ideally it will last 24 hours, but that’s not always possible). It also helps to put 

clay under and between the pipes downstream of where the toma wall will be to stabilize them 

during the construction process. You don’t want them to move if bumped because that could lead 

to holes in the wall. 
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Figure 6: Diagram of clay wall and toma wall. 
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Figure 7: Picture of clay wall with pipes. This clay wall still needs some work because the area just downstream of 

the clay wall where the actual wall will go still has water. 

 

2. The walls 

Remember that it’s really important for the bottom of the wing walls to tie into the impermeable 

layer. If you have a thick clay layer, you can dig in a little bit to get the wing wall in the clay 

layer so that water doesn’t escape under the wall. Also remember that water will take the easiest 

path, so make sure it’s easy for the water to get out of the toma so that it doesn’t look for other 

escape paths. 

 

The wing walls are stone masonry. Find a bunch of fist-sized rocks. You want these to be strong 

rocks (ones that won’t break easily break when you bang them against another rock). Wash them 

to get the dirt off. (Your gente will probably think you’re crazy, but the mortar won’t bind well if 

there’s mud on the rocks.) When you’re ready to start, make a small batch of mortar, 1 cement : 

4 sand. Use 1 Sika-1: 9 water. Put some mortar on the ground and then place a layer of rocks. 

Make sure there is enough space between the rocks for the mortar (Figure 8). Fill the spaces 

between the rocks with mortar. Keep going up until the wall is the height you want, about 1 ft. 

Make sure there aren’t any holes in the wall. I know this sounds obvious, but it’s hard to see 

between the clay wall and the actual wall, so make sure everything is filled in and covered, 

especially right around the pipes.  
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Figure 8: Stone masonry construction for wing walls. (This toma has more exit pipes than normal; just ignore 

that.) 

 

Sometimes building the wing walls need to be a multistep process. Make the wall the best you 

can. Come back the next day, and get rid of the clay wall. Close the cleanout pipe to see make 

sure there aren’t any leaks above the cleanout pipe. If the wall doesn’t leak, great job! If it does, 

don’t worry. Use clay to divert water if needed and fix the wall where needed. If it’s just a minor 

leak, that can be fixed with plaster.  

 

Plastering the outside of the walls is a good idea, but isn’t absolutely necessary and can be done 

before or after pouring the top concrete slab, but if you have holes on the inside of the wall that 

need to be filled in, you need to do that before pouring the concrete slab. The mix is 1 cement : 3 

bought sand with 1 Sika-1 : 9 water. You can do 1 or 2 coats, depending on whether or not water 

is leaking/seeping through the walls. Each coat should be 1 cm thick, and you need to wait at 

least 1 day between coats.  

 

3. Filling with rocks 

Once the walls are set, fill the toma with rocks. The goal is to have as many gaps and holes as 

possible for the water to flow through. Let me repeat that. You’re purposefully trying NOT to fill 

in the holes. Start with big rocks (6”-8” diameter) then move up to smaller rocks (~2” diameter). 

You need to be especially careful where the springs are to make sure that there’s plenty of space 

for the water to flow freely and that it isn’t going to get clogged. 

 

Leave a space without rocks about 1’ x 1’ for the access hatch to use for cleaning. You should be 

able to access the tubes from there (Figure 9). Find 4 rocks with a flat side that fit together to 

create a box of empty space for the access hatch, but make sure they don’t fit together too well 

because you want to make sure there’s plenty of space for the water to flow. Build a square out 

of 1x4s to act as formwork to keep the mix out when you pour the concrete slab. 
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Figure 9: Access hatch space. It’s easiest if the access hatch is square or rectangular, but sometimes it ends up 

being a different shape, which is fine. 

 

The rocks should be stable enough that you can walk on it. The rocks should slope downward 

towards the exit. You have some flexibility with the final height: either you can have the rocks 

stop a couple of inches below the top of the walls so that the concrete slab is level with the top of 

the walls or you can have the rocks be level with the top of the walls and pour the concrete slab 

over the rocks and walls. Or you can do a mixture of the two in order to make things work. Just 

be sure you’re thinking about how the concrete slab will tie into the walls. Once you have filled 

the toma with rocks, I recommend covering it with sacos that you will then pour the mix on top 

of (Figure 10). If you aren’t going to cover the rocks with sacos, you have to go down to smaller 

rocks and make sure there aren’t any holes that the mix can fall through. 
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Figure 10: Toma filled with rocks and beginning to be covered with sacos before pouring the concrete slab. 

 

4. Breather tubes 

You need about 1 breather tube per m2 in the toma so that air can escape. These are different 

from the air-release valves. To make one, cut a 3’ piece (it’s easier to make it too long and then 

cut it shorter when you install it) of ¾” PVC pipe, SDR 21. Use a hot nail to melt holes in the 

bottom 2’ of the pipe, about 4 holes per inch. Melt a hole in a smooth ¾” cap. Glue the cap onto 

the end of the pipe without the holes (Figure 11). As you’re placing the rocks, place the breather 

tubes as needed. The holes should be completely below the concrete (if there are holes above the 

concrete slab contamination can get in), so cut the pipe as needed. The part of the pipe without 

holes sticks up above the concrete slab. 

 

 
Figure 11: Diagram of breather tube 
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5. The concrete slab 

Finally pouring the concrete slab is probably the easiest part. The mix is 1 cement : 4.5 dirty 

cascajo or 1 cement : 5 clean cascajo. You don’t need Sika-1 for the slab. Wet the walls where 

they are going to join with the slab before pouring the concrete to get a good bind. Start placing 

in the highest/farthest part of the toma and work your way down towards the pipes. The slab 

should be 3” thick. Try to make it uniform. As you’re placing the concrete, make sure you’re 

thinking about how/where runoff is going to flow over the toma and drain without flowing into 

the toma through the access hatch.  

 

6. Runoff protection 

You want to keep runoff from entering the toma when it rains. There are a couple of things you 

can do. First, build a raised lip for the lid to sit on unless you’re going to seal it with concrete 

every time you open it (Figure 12). (I recommend against sealing with concrete because then it’s 

an ordeal every time you want to get in the toma to clean it or check things out if there’s a 

problem.) Another thing you can do is build little concrete walls that are about 2” tall and 2” 

wide that run at diagonals across the concrete slab to divert runoff off of the toma and away from 

the access hatch. 

 

 
Figure 12: Access hatch lid on raised lip.  

 

Finally, the access hatch needs a lid. I make it from reinforced concrete (usually 2 rebar going 

each way) and a rebar handle. I only needs to be 3” thick. The mix should be the same as for the 

slab, 1 cement : 4.5 dirty cascajo or 1 cement : 5 clean cascajo. 

 

Junction boxes 
You don’t want to connect 2 tomas directly because pressure differences can cause water to flow 

backwards and water entering one toma from another toma could potentially cause erosion 

problems. Therefore, you need a junction box to join 2 tomas. The purpose of a junction box is 

for water from 2 (or more) pipes to come in and then flow out through a single pipe. Junction 

boxes don’t have to be big; 1 ft. x 1 ft. x 1 ft. is sufficient. Junction boxes can be stone masonry 

like the toma walls, concrete block, or ferrocement. They should have 3 exit pipes—overflow, 

conduction line, and cleanout, like the toma. When you’re doing your design, don’t forget that 

the water will return to atmospheric pressure at the junction box. 
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Toma Repair 
Whether it’s the toma you built a few months or a year ago or a toma built years ago by another 

group, knowing how to fix tomas is almost as important as knowing how to build them. Tomas 

are tricky and fragile, and depending on the site conditions, sometimes they break. Some of them 

might even need yearly repairs. Think of it as “maintenance.” 

 

In order to determine whether or how you should repair a toma, you need to really understand 

what the problem is. Don’t just listen to what your gente say, investigate it. There are no hard 

rules for what you should do; it will depend on the situation. However, below are some possible 

situations and my suggestions. 

 

Before you get started on a toma repair project, make sure that there is a good impermeable 

layer. This might require some digging around downstream of where the current toma is. If you 

don’t have a good impermeable layer, it might not be possible to fix the toma. 

 

Situation 1: Spring has moved and water is surfacing elsewhere. Toma isn’t capturing 

anything.  
In this case you need to rebuild the toma. First, find the impermeable layer. It could be that the 

spring moved because there was too much water pressure in the toma so it didn’t want to surface 

there anymore. To prevent this from happening again, make sure that all the exit pipes, including 

the overflow pipe, are below the level of the spring so that the spring is free flowing. Clear the 

area, and build a new toma. If the old toma isn’t in the way and isn’t making it harder for the 

spring to surface, you can leave it in place and either build your new toma completely separately 

from it or tie into/engulf the old toma with the new toma. 

 

 

Situation 2: Water is escaping through the walls. 

If the problem is just that water is escaping through the walls but not under the walls (i.e. there is 

a good impermeable layer that the walls are tied into but the walls themselves have sprung leaks 

further up), the toma should be relatively easy to fix. Try opening the cleanout to see if lowering 

the water level will stop the leaks. If so, leave the cleanout open while patching the leaks and 

repellando the toma walls with cement, bought sand, and Sika-1. I would use a 1 cement : 1 

bought sand mix with 1 Sika-1 : 8 water around the pipes or where there are other major cracks 

and then repellar the entire wall with a 1 cement : 2 bought sand mix with 1 Sika-1 : 8 water. If 

opening the cleanout doesn’t stop the flow but you can build a mud wall inside the access hatch 

(like when you build a toma), to stop the flow, you can do that. You won’t be able to patch a leak 

without stopping the flow first, unless you use Sika-2. 

 

If you can’t stop the flow, you can try using Sika-2 to patch the leak. Follow the instructions on 

the jug. I would describe it more as “instantaneously” setting than “fast” setting. I found that 

mixing it in place works better because it sets so fast that I didn’t have time to mix it and then 

put it on the leak. 

 

If there is a big hole, another trick to fixing leaks is to put a piece of pipe in the hole where the 

leak is. Glue an adapter on the end of the pipe before putting it in the hole. Fill in around the pipe 
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with mud so that all the water flows out the piece of pipe. Fix the leak and repellar the wall with 

this extra pipe of cemented in place. Once the concrete has cured (wait at least 1 week), put a 

threaded cap on the end of the pipe. Often it’s really hard to stop the water flow, so this 

technique allows you to divert the water so that you can make the repair without having to stop 

the water flow. When fighting against water, we usually lose. 

 

If none of the above work, you can build new walls just downstream of the existing toma that tie 

into the old toma. You probably don’t need to destroy the old toma. Clear down to the 

impermeable layer. Build a mud wall just downstream of the toma with the 3 pipes (cleanout, 

conduction line, and overflow). Then build a new concrete wall like you’re building a toma that 

ties back into the old toma. Leave all 3 pipes leaving the old toma completely open. Fill the 

space between the old wall and the new wall with rocks like you’re building a toma, and then 

cover it with a concrete slab. If the new wall is a ways away from the old toma wall, you might 

want to build a second access hatch near the new pipes. 

 

 

Situation 3: Water is escaping from under the walls. 

This is most likely because there isn’t a good impermeable layer that the walls are tied into. You 

need to clear down to the impermeable layer and then build new walls, as described in Situation 

2. If you can’t find an impermeable layer, see Situation 4. 

 

 

Situation 4: No impermeable layer. 

No impermeable layer is no good. First, try digging deeper. Look around the area to see if there 

is exposed bedrock or an impermeable layer anyway, maybe along a stream bed. Then follow 

that impermeable layer towards your toma. You have to be pretty strict to get your gente to dig 

deeper.  

 

If that really doesn’t work, the only thing I can suggest is lowering the standing water level 

(head) in the toma as much as possible so that there is less pressure causing the water to look for 

places to escape. Unfortunately, I don’t think there’s much you can do if there isn’t an 

impermeable layer to tie the walls into because the water will just undercut and escape under 

whatever you build. 

 

 

One question in toma repair is what to do with the old toma. If it’s not blocking/making it harder 

for the spring to surface and it isn’t in the way, you can leave it where it is. It’s a lot of work to 

destroy and remove an old toma. Also, sometimes the old tomas help collect and divert at least 

some of the water, which makes the toma repair easier. That said, sometimes it is necessary to 

remove the old toma. This could be because it’s blocking the spring. Also, if you can’t see 

what’s going on inside the old toma, you might have to destroy/remove it so that you can see 

where the springs are and adjust your repair accordingly. I would highly recommend only 

destroying the old toma if you have a plan to rebuild a better toma. If you don’t have a good 

impermeable layer to build on, I would recommend against destroying the existing toma. 

Something is better than nothing, and without a good impermeable layer, there really isn’t much 

that you can do. 
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Conclusion 
Every toma is going to be different. The most important thing is to capture as much water as 

possible without changing the hydrology and ensure that the easiest way for the water to leave 

the toma is through the conduction line. Just remember that, and do what you have to do to make 

your toma work. 
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Source & Additional Data Pertaining to System Costs 

Cost estimates are provided by the Peace Corps volunteer based on material costs at the Hardware 
store in Cerro Mesa.  

Highlighted costs were not available at the time of printing and were estimated based on average costs 
available at US hardware stores.  

It is assumed that it will take two-three trips to deliver all of the materials to the community. This 
delivery will be fulfilled by government employees.  

Additional materials which should be available in the community at no cost include the following. 

4 shovels for trenching 

1-2 hacksaws 

1-2 machetes 

1 wood saw 

1-2 hammers 

2 trowels 

1-2 wire cutters 

Buckets/barrels for mixing concrete and mortar 

String for leveling 

Measuring device (tape measure) 













 

APPENDIX H: 

CONSTRUCTION 

SCHEDULES 

SYSTEMS 1 & 2 







 

APPENDIX I: 

WATER 

QUALITY 

RESULTS 



Ii 
 

Appendix I 

  
 

  
 

   

Coliform and E. Coli results from 3M field tests.  



Iii 
 

 

Complete Water Test Results  
 

 

 

 



 

APPENDIX J: 

DRAWINGS 

SYSTEM 1 & 2 



 

System 2 System 1 

Cerro Mesa 
Chiva Stop 

Peace Corps 
Volunteer 
Home 

1.77 miles 

2.
14

 m
ile

s 

LEGEND: 

 Spigot     Spring Source    Air Release Valve  Flow Reducer 

 Pressure Break Tank   Storage Tank    Ram Pump   Cleanout Valve 

25
0 

fe
et

 

106 feet 

0.36 miles 

0.87 m
iles 

TITLE: 

Complete System Map 



 85.32 

 6
.0

0 

 24.00 

 24.00 

 95.03 

 24.00 

Overflow
Transmission
Cleanout

Hatch

Cover

Wing Walls

NOTES:
Spring box dimensions are all estimates and will change 
to match the profile of the spring surroundings.
This drawing is provided as a visual for the general shape 
and required components of the box.
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NOTES:
Masonry walls should be constructed 3 layers at a time (no 
more than 1 meter high) with a 24 hour curing time before 
laying subsequent sections

Materials:
3/8 inche rebar
6 inch CMU blocks
1:3 mixing ratio mortar
1.5 inch PVC
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NOTES:
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1:2:3 mixing ratio cement
Timber blocks
Anchor blots
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at the end of 
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Ensure that the gap shown 
herebetween the hatch and 
the cover  is not present 
after construction

Components:

Timber Hatch
Galvinzed inlet pipe
Galvinized outlet pipe
Galvinzed overflow pipe
CMU masonry walls reinforced with rebar
Cement slabe reinforced with rebar
Cement cover reinforced with rebar
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NOTES:
Hatch placed ontop of the hold within the 
storage tank cover. 

Materials:
Timber
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NOTES:
The inlet and outlet pipes on this box 
should lie level with the piping for the total 
system at 2 feet below the ground surface. 

Tank Materials:
1:2:3 mixing ratio cement
3/8" rebar
1/2" PVC pipe sdr 13.5
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NOTES:
Spring box dimensions are all estimates and will change 
to match the profile of the spring surroundings.
This drawing is provided as a visual for the general shape 
and required components of the box.
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1:2:3 mixing ratio cement
0.5 inch PVC pipe
Rocks
PVC glue
Sika-1
Timber
Nails
Sacos

A A

B B

4

4

3

3

2

2

1

1

System 2 Spring 
Box

DO NOT SCALE DRAWING

Rosa Spring
SHEET 1 OF 1

UNLESS OTHERWISE SPECIFIED:

SCALE: 1:25 WEIGHT: 

REVDWG.  NO.

B
SIZE

TITLE:

NAME DATE

COMMENTS:

Q.A.

MFG APPR.

ENG APPR.

CHECKED

DRAWN

FINISH

MATERIAL

INTERPRET GEOMETRIC
TOLERANCING PER:

DIMENSIONS ARE IN INCHES
TOLERANCES:
FRACTIONAL
ANGULAR: MACH      BEND 
TWO PLACE DECIMAL    
THREE PLACE DECIMAL  

APPLICATION

USED ONNEXT ASSY

PROPRIETARY AND CONFIDENTIAL
THE INFORMATION CONTAINED IN THIS
DRAWING IS THE SOLE PROPERTY OF
<INSERT COMPANY NAME HERE>.  ANY 
REPRODUCTION IN PART OR AS A WHOLE
WITHOUT THE WRITTEN PERMISSION OF
<INSERT COMPANY NAME HERE> IS 
PROHIBITED.






	Lower Spring-2.PDF
	Sheet1
	Drawing View12


	Storage Tank Base-3.PDF
	Sheet1
	Drawing View5
	Drawing View6
	Drawing View7


	Storage Tank Wall View-4.PDF
	Sheet1
	Drawing View1
	Drawing View2


	Storage Tank Cover-5.PDF
	Sheet1
	Drawing View1
	Drawing View2


	Tank Model View-6.PDF
	Sheet1
	Drawing View5
	Drawing View6
	Drawing View7


	Storage Tank Hatch-7.PDF
	Sheet1
	Drawing View1
	Drawing View2
	Drawing View3
	Drawing View4


	Pressure Break Tank-8.PDF
	Sheet1
	Drawing View11
	Drawing View12
	Drawing View13
	Drawing View14
	Drawing View15


	Rosa's Spring Box-10.PDF
	Sheet1
	Drawing View11


	Storage Tank Cover-5.PDF
	Sheet1
	Drawing View1
	Drawing View2


	Tank Model View-6.PDF
	Sheet1
	Drawing View5
	Drawing View6
	Drawing View7


	Pressure Break Tank-8.PDF
	Sheet1
	Drawing View11
	Drawing View12
	Drawing View13
	Drawing View14
	Drawing View15





