.0 Spring Box Lid Design and Construction

.1  Introduction
The concrete lid was designed to seal the top of the spring box from the atmosphere to prevent animals, algae, runoff, and bacteria from entering the source.  The design was made to resemble the type of lid built for the clean-water storage tank on the trip in June 2007, shaped like an ‘L’ to allow a manhole opening for access to the spring box.  Two smaller lids were also designed, one as the manhole cover to completely seal the top, and the second as a smaller cover for the “mini-spring box” that the large main spring box empties into before piping the water into the system.

.2   Design

Preliminary designs were to have the L-shaped lid be a “waffle” design, similar to structural slab designs.  In order to use less concrete, the top would be flat, but there would be indents on the underside in square shapes, so that from the bottom it would look similar to a waffle.  Because this gives it a better moment of inertia, it would be just as strong with less concrete and less rebar.

However this design was modified in the field to fall back to the original slab designs made on previous trips.  It was modified for numerous reasons, but the prominent ones included not having enough wood, longer construction time with a limited timeline, unfamiliarity with the design and construction process, and increase likelihood of structural defects and mistakes.  In the end, it was decided by the team and structural engineer that the benefits did not outweigh the drawbacks, and the design was reverted to the original, simpler one.

.3   Concrete Mix Design
A similar concrete mix design was used to previous trips.  The calculations can be found in Table .1.

Table .1
	EWB Concrete Mix
	
	
	

	for 1 yd^3 of concrete
	
	
	

	
	
	
	
	

	1. Slump = 3" (for pavements, slabs)
	
	

	2. Max Agg Size (no more than 20% of thickness)
	
	

	
	
	Thickness
	2.25"
	

	
	
	max agg = .2*2.25
	.45"
	

	3. Slump/Agg table
	
	
	

	
	
	agg = 1/2", slump = 
	
	

	
	
	lb water =
	335 lb/yd^3

	4. w/c ratio
	
	
	

	
	
	f'c of 5000-6000 psi
	0.45
	

	5. cement content
	
	
	

	
	
	cement = water/ w/c
	
	

	
	
	= 335 lb/yd^3 / .45
	744 lb/yd^3

	6. Fineness modulus of sand (assume 2.50)
	
	

	
	Table ->
	
	.57 yd^3 agg

	
	Density agg
	125 lb/ft^3
	
	

	
	Weight = (.57 yd^3)(27 ft^3/yd^3)(125 lb/ft^3)
	
	

	
	
	=
	1923.75 lb agg

	7. Estimate weight concrete
	
	

	
	Table ->
	
	3890 lb/yd^3 concrete

	
	Weight sand = concrete-water-agg-cement
	
	

	
	= 3890 lb - 335 lb - 1923 lb - 744 lb
	888 lb sand

	8. Water absorbtion
	
	
	

	
	Sand = 2%
	wt=(1.02)(888 lb)
	905.76 lb
	

	
	Agg = 3%
	wt=(1.03)(1923.75 lb)
	1980 lb
	

	
	water = 335 - (.02)(888) - (.03)(1923) = 
	259.55 lb
	

	
	
	
	
	

	BY WEIGHT
	
	
	

	Cement
	744 lb
	94 lb/ft^3
	8.0 ft^3
	

	Agg
	1980 lb
	125 lb/ft^3
	16 ft^3
	

	Sand
	905 lb
	100 lb/ft^3
	9 ft^3
	

	Water
	250 lb
	62.4 lb/ft^3
	4.2 ft^3
	

	
	
	
	
	

	MIX DESIGN
	
	
	

	Volume of one L = .1207 yd^3 = 2.96 ft^3 / 3 parts = 
	1.1 ft^3 / part

	5 gal bucket = 1.5 ft^3
	
	
	

	
	
	
	

	
	1x5gal cement, 2x5gal agg, 1x5gal sand, .75x5gal water


.4   Rebar Design
The rebar was designed according to the calculations displayed in Table .2.

Table .2
	Rebar Design
	
	
	

	
	
	
	

	Thickness
	2.25
	in
	

	
	
	
	

	Load=1.2(DL)+1.6(LL)
	
	
	

	DL
	536.7188
	psf
	

	LL
	150
	psf
	

	Load
	330
	lb/ft
	

	
	
	
	

	L
	64
	"
	

	Mu = (328 lb/ft)(5.5 ft)^2 / 8
	1173.333
	ft-lb
	

	
	
	
	

	
	
	
	

	As = Mu/(.9*fy*.85*d)
	
	
	

	D
	0.5
	"
	

	Fy
	60000
	psi
	

	
	
	
	

	As
	0.613508
	in^2/ft
	

	As total length
	1.380392
	in^2
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Area 3/8"
	0.294524
	4.686853
	bars

	Area ½"
	0.392699
	3.51514
	bars

	
	
	
	

	Assume 3/8" rebar
	5 bars / side
	


According to the calculations, it was determined that a 3/8” piece of rebar should be placed every six inches.  This was still a gross over-calculation, and much less probably could have been used, but because of so many uncertainties based on w/c ratio, compactness, aggregate size, average thickness, and more, this was a safe plan.

The rebar lengths were calculated to be 2” from the edge of the concrete to prevent any water from eventually leaking in from cracks at the edge and rusting the rebar.  It was also designed to have a 1” diameter hole in the L-shaped lid to allow for a permanent air-pipe to depressurize the tank. Rebar handles would be made in Arada Vieja to tie into each of the manhole squares to allow for easier movement when it came time to clean the tanks.  The rebar designs can be seen in Figures .2-.3.
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.5   Frames
Frames for the concrete were made from wood bought from the local hardware store in San Jose Villanueva, owned by Luis.  The pieces were cut to size according to Table .3.
Table .3
	
	
	
	
	
	
	

	2 x 4s
	
	
	
	
	
	

	
	
	
	
	
	
	

	A
	59
	"  x
	1
	pieces
	
	

	B
	36
	"  x
	3
	pieces
	
	

	C
	30
	"  x
	3
	pieces
	for frames
	

	D
	27
	"  x
	1
	pieces
	
	

	E
	68
	"  x
	1
	pieces
	
	

	F
	32
	"  x
	4
	pieces
	
	

	
	
	
	
	
	
	

	G
	84
	"  x
	10
	pieces
	for supports

	
	
	
	
	
	
	

	H
	60
	"  x
	10
	pieces
	for framing supports

	
	
	
	
	
	
	

	I
	26
	"  x
	4
	pieces
	for lip-frame1

	
	
	
	
	
	
	

	J1
	10
	"  x
	64
	pieces
	for waffle frame

	J2
	18
	"  x 
	12
	pieces
	for waffle frame

	
	
	
	
	
	
	

	Extra
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Plywood
	
	
	
	
	
	

	
	
	
	
	
	
	

	1/2"
	3'x3'
	
	
	
	
	

	
	6'x6'  or   2x  3'x6'
	
	
	
	

	
	3'x3.5'
	
	
	
	
	


In the field, it was determined that preliminary measurements of the spring box were different than the measurements the designs had been based off of.  However, it was only off by one or two inches at most, so the frames had to be resized, but not by much, and it did not change the strength calculations at all.  The lid had been designed for three inches of overlap on each side, which turned out to be the right amount.

The frame design is shown in Figures .3-.5.
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.6  Materials
The materials for every part of this design were planned to bought locally in case any part needed replacing, the community could potentially buy and fix it.  The compiled materials list is as follows:

· 2x4s

· 1 x 59”

· 3 x 36”

· 3 x 30”

· 1 x 27”

· 1 x 68”

· 4 x 32”

· 10 x 84”

· 10 x 60”

· 4 x 26”

· 64 x 10”

· 12 x 18”


· Plywood

· 3’x3’

· 6’x6’ or 2 x 3’x6’

· 3’x4’

· Cement

· 4 bags

· Gravel

· 30 gallons = 4 ft3
· Sand

· 15 gallons = 2 ft3
· Buckets

· Rebar

· Trowels

· Water

· Nails

· Hammers

· Tarp

· Metal wire/ tiewire

· Foam insulator

· Hacksaws
· PVC
· PVC glue
· Epoxy
· Plastic screen mesh
· Woodsaw
· Plastic Bags
· Ruler
· Chicken Wire

All of the materials were successfully bought either within San Jose Villanueva or in hardware stores in San Salvador.  The major supplier in San Jose Villanueva was Luis Coto, a friend of our NGO contact Mike Jenkins.  He not only cut the wood to spec, but he helped transport the materials to the site in a pickup truck for a small fee.  The materials were carried the rest of the way either by wheelbarrow or by carrying them.

.7  Construction Plan
The construction was all to be done at the site, following the instructions given:

Building Frames

1. Follow the designs attached, making sure connections are as tight as possible.

2. Tie rebar together in the formations shown

Setting up Construction

1. Lay 8 2x4s across spring box on the 2” side.  Place large frame on top of 2x4s.

2. Find 2 flat areas close by to lay other two frames

Permanent Lid – Day 1

1. Pour one mix of dry materials (1 buckets sand, 2 bucket gravel, 1 bucket cement) onto a tarp and mix until consistent

2. Dig a divot in the top of the pile, and pour small amounts of water, mixing the concrete from the outside in.

3. Add water until ¾ bucket has been used.

4. Wet entire frame with water before pouring concrete.

5. Add to frame, flattening with 2x4s as much as possible by pounding on the top of the cement

6. Once 1.25” has been laid down, lay rebar on top of the layer, pounding it in until it is half submerged.  Continue to lay down concrete on top of the rebar until 2.25”.

7. Do the same for the mini-spring box lid

Manhole Lid – Day 1

1. Do the same for the manhole lid, but stop after 2” of concrete has been laid.  Add lip-frame to the center of the concrete, and continue to pour concrete around the outside of the lip-frame to form 2” thick lips.  Make 1-1.5” thick.

2. Add bent rebar to form handle and tie into frame.

Days 2-5

1. Periodically go to concrete and sprinkle water on the top.

Permanent Lid – Day ~6

1. Mix mortar (same mixture, 2 parts sand, 1 part cement, .75 parts water) and place between supports as much as possible. 

2. Add PVC atmosphere pipe and mortar into place.

3. Break off surrounding wood around the frame to just leave the concrete sitting on the plywood.

4. Lift the concrete slab and place on side of hill.

5. Fill the rest of the edge with mortar.

6. Place concrete lid.

7. Form mortar lips for the manhole lid to sit on, and build up remaining open wall to an even height.

8. Form mortar and attach mini-manhole to the small box in a similar manner

Manhole Lid – Day ~ 12

1. Attach strips of foam, double or tripled up to top of lips on permanent structure and bottom of manhole lid.  Use the non-toxic glue bought in the US.

.8  Implementation

.8.1  Rebar
The rebar was cut to the specified lengths using a hacksaw, and laid out in the forms to make sure all pieces fit. Using thin steel wire and wire cutters, the rebar was tied together to make a semi-rigid form. All rebar was tied on Sunday, January 6th, the day we poured the concrete.  These rigid rebar forms were set aside until we poured the concrete.

For the square manhole lids, rebar was bent into handles that could be used to move the lids when necessary.  These handles were also tied directly into the forms.
.8.2  Frames
All of the frames were built on Saturday, January 5.  They were built in the school building because it had flat, hard floors and because by the time we started building it was night, so we needed light.

.8.3  Concrete
Many of the community members contributed labor and equipment for mixing the concrete.  The lids were done on Sunday, January 6th.  This allowed time for the concrete to cure before the next weekend, when the community would be able to help move the lid.
The first batch was mixed until even with the ratio of one part concrete, two parts  aggregate, one part sand, and half a part of water.  A 5-gallon bucket was used as a measurement tool.   The wooden forms were first splashed with water to prevent the concrete from cracking due to rapid drying as a result of the heat and dehydration.  The batch was spread down to a marker 1” above the base.  It was packed, prodded with a rod to remove air pockets, and packed again until completely even. The rebar for the L-shaped lid was placed on top of the first layer of concrete.  

The rebar was pressed down until set in the concrete, and the second batch of concrete was then mixed. This layer was then poured on top of the first and the rebar until it met the 2.25” marker line.  It was packed until it appeared smooth and with an even consistency. The square manhole lids were poured the following day in the same manner. Over the next several days, water was splashed on top of the concrete hourly to prevent cracking under the intense mid-day sun.

.8.4  Setting the Lids
On Thursday, January 10th the spring box lid was set.  A mortar was prepared similar to the mortar used for the floor clean water tanks: 1 part cement, 2 parts sand, and ¾ parts water.  The surface of the edge of the clean water tank was roughed with hammers. Chunks of concrete were chipped away to create sharp edges to which the mortar could bind. Mortar does not bind well to previously set, smooth mortar.  The mortar was then spread over the top evenly, around the entire surface.  Many of the male community members helped to lift the L-shaped lid, which was estimated to be somewhere between 400 and 500 pounds.  It took about 10 people to lift the lid and set it on top of the mortar.  Once it was set in the correct orientation, more mortar was laid to complete the seal.  

After the lids were set, additional mortar was mixed to add to the edges that would be covered by the manholes so as to increase the height of the edge to be level with the L-shaped lid. The mortar was spread, smoothed to be completely flush with the inside edges, curved on the outside edge to ensure any rainwater would fall away from the tank opening.
On Saturday, January 12th, the remaining manhole lids were set.  Rubber gasket was laid down and epoxied to the surface of the tank.  Two rubber hoses were used, one for washing machines, and the other was simply a flexible garden hose because the hardware store ran out of the better hose.  The epoxy was messy and difficult, and would not hold very well at first, so it was decided to place the lids on top of the gaskets while the epoxy was drying to hold it in place.

.9  Conclusion
The goals of the concrete lid were successfully met.  The concrete design was strong enough to hold its own weight and the weight of a person even at the weakest point in the lid.  The manhole lids were each light enough so that two people could move it when necessary to clean the tank.  The silicone sealant held the rubber in place, and no air gaps appeared to exist.
Diversion Trench Design Process

1. Assessment of terrain:  Check slope and expected runoff speed.

Considerations:  Assessment of runoff from higher levels and accumulation.

2. Choose position

Considerations:  Needs to be away from spring box.  We do not want to dig too close to where the spring runs into the box, because we could hit the water source.

3. Dig Trenches

Considerations:  Needs to be deep enough so that all water is diverted.

4. Line with non-porous material.

Considerations:  A possibility, would increase effectiveness.
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Diversion Trench Construction Process


In construction of the diversion ditch an assessment of the terrain was made, and in conclusion it was decided that the top of the diversion, and focal point needed to be in the upper right corner of the spring box.  A trench was made so that any water would be diverted away from the box, and no runoff would enter the water source.  It was 7 inches deep, and the bottom was lined with concrete so to make it imporous.  The trench was then filled with gravel so as not to be diverted when walked on.
8.0 Water Quality & Flow Rate Analysis 

8.1 Overview of Water Testing Locations 

In Arada Vieja, the majority of the community used to get their daily drinking water from a spicket, referred to in this document as the “old chorro”, the water from this location comes from the large storage tank. However, a new spicket was installed in the spring, referred to in this document as the “new chorro”, whose water comes from the clean water storage tank after running through the filters instead of the large storage tank. Water is pumped up to both the large tank and the filters in the same piping via a hydraulic ram pump which sits 100 feet down a large hill. The water from this pump comes from a middle holding tank that located approximately 25 feet uphill. This tank’s water is gravity fed from a spring located about a quarter-mile up stream and across a river. This river runs close to the ram pump and is where the majority of the community bathes and washes their clothes, the children also play in this water frequently. During the rainy season, the community also collects water in rainwater collection barrels for everyday use. It is estimated that each family in the community uses about 80L of water per day (Tufts EWB Health Survey Results, 2006).

The seven main water quality testing sites were the spring, the ram pump, the “old chorro”, the “new chorro” and the exits of all three filters. Water samples were taken in 40mL sampling bottles and all tests were done in San Jose Villanueva at Mike Jenkins’ home.
Additionally, flow rates were taken at the spring box, the large holding tank, and the exits of all three filters.
8.1.1 Water Quality Testing Sites

· Exit of spring box

· Exit of ramp pump
· Exit of Filter 1 (Closest to community center)
· Exit of Filter 2 (Middle filter)
· Exit of Filter 3 (Closest to hand pump)
· Old chorro
· New chorro
8.1.1 Flow Rate Testing Sites

· Exit of spring box (flowing into small spring box)
· Entrance to large storage tank

· Exit of Filter 1 (Closest to community center)

· Exit of Filter 2 (Middle filter)

· Exit of Filter 3 (Closest to hand pump)
8.2 Water Analysis Tests Methodology
8.2.1 Flow Rate Testing
Use a 500mL graduated cylinder. Record how long it takes to fill cylinder to a semi-full level. Have two people simultaneously timing using stop watches to minimize error. The number of trials should be inversely proportional to the accuracy of each trial. The minimum number of trials is five. Average final results in the form of a L/s flow rate.
8.2.2 LaMotte Turbidity, Code 7519
This test is made by comparing the turbidity of a measured amount of the sample with an identical amount of turbidity-free water containing a measured amount of standardized turbidity reagent. The readings are made by looking down through the column of liquid at a black dot. If turbidity is present, it will interfere with the passage of light through the column of liquid. Small amounts of turbidity will cause a “blurring” of the black dot in the bottom of the tube. Large amounts of turbidity may provide sufficient “cloudiness” so that it is not possible to see the black dot when looking down through the column. Any color that may be present in the sample should be disregarded. This determination is concerned only with the haziness or cloudy nature of the sample.
Test Procedure:
1.  Fill one Turbidity Column (0835) to the 50 mL line with the sample water. If the black dot on the bottom of the tube is not visible when looking down through the column of liquid, pour out a sufficient amount of the test sample so that the tube is filled to the 25 mL line. 

2.  Fill the second Turbidity Column (0835) with an amount of turbidity-free water that is equal to the amount of sample being measured. Distilled water is preferred; however, clear tap water may be used. This is the “clear water” tube.

3.  Place the two tubes side by side and note the difference in clarity. If the black dot is equally clear in both tubes, the turbidity is zero. If the black dot in the sample tube is less clear, proceed to Step 4.

4.  Shake the Standard Turbidity Reagent (7520) vigorously. Add 0.5 mL to the “clear water” tube. Use the stirring rod (1114) to stir contents of both tubes to equally distribute turbid particles. Check for amount of turbidity by looking down through the solution at the black dot. If the turbidity of the sample water is greater than that of the “clear water”, continue to add Standard Turbidity Reagent in 0.5 mL increments to the “clear water” tube, mixing after each addition until
 the turbidity equals that of the sample. Record total amount of Turbidity Reagent added.

5.  Each 0.5 mL addition to the 50 mL size sample is equal to 5 Jackson Turbidity Units (JTU’s). If a 25 mL sample size is used, each 0.5 mL addition of the Standard Turbidity Reagent is equal to 10 Jackson Turbidity Units (JTU’s). See the table below. Rinse both tubes carefully after each determination.

TURBITITY TEST RESULTS

	Number of Measured Additions
	Amount in mL
	50 mL Graduation JTU
	25 mL Graduation JTU

	1
	0.5
	5
	10

	2
	1
	10
	20

	3
	1.5
	15
	30

	4
	2
	20
	40

	5
	2.5
	25
	50

	6
	3
	30
	60

	7
	3.5
	35
	70

	8
	4
	40
	80

	9
	4.5
	45
	90

	10
	5
	50
	100

	15
	7.5
	75
	150

	20
	10
	100
	200


8.2.3 CHEMets Kit, Phosphate K-8510
Test Procedure:
1. Fill the sample cup to the 25 mL mark with the sample (fig 1).

2. Add 2 drops of A-8500 Activator Solution (fig 2). Cap the sample cup and shake it to mix the contents well.

3. Place the CHEMet ampoule in the sample cup. Snap the tip by pressing the ampoule against the side of the cup. The ampoule will fill leaving a small bubble to facilitate mixing (fig 3).

4. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel from end to end each time. Wipe all liquid from the exterior of the ampoule. Wait 2 minutes for color development.

5. Use the appropriate comparator to determine the level of ortho-phosphate in the sample. If the color of the CHEMet ampoule is between two color standards, a concentration estimate can be made.

a. Place the CHEMet ampoule, flat end downward into the center tube of the low range comparator. Direct the top of the comparator up toward a source of bright light while viewing from the bottom. Rotate the comparator until the color standard below the CHEMet ampoule shows the closest match.
b. Hold the high range comparator in a nearly horizontal position while standing directly beneath a bright source of light. Place the CHEMet ampoule between the color standards moving it from left to right along the comparator until the best color match is found.
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         Figure 3
Test Method:
The Phosphate CHEMets®1 test method employs the stannous chloride chemistry.2 In an acidic solution, ortho-phosphate reacts with ammonium molybdate to form molybdophosphoric acid, which is then reduced by stannous chloride to the intensely colored molybdenum blue. The resulting blue color is directly proportional to the phosphate concentration. Results are expressed in ppm (mg/Liter) PO4. 
Condensed phosphates (pyro-, meta- and other polyphosphates) and organically bound phosphates do not respond to this test. Sulfide, thiosulfate, and thiocyanate will cause low test results.

8.2.4 CHEMets Kit, Iron K-6010
Soluble Iron Procedure:
1. Fill the sample cup to the 25 mL mark with the sample (fig 1).

2. Add 2 drops of A-8500 Activator Solution (fig 2). Cap the sample cup and shake it to mix the contents well.

4. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel from end to end each time. Wipe all liquid from the exterior of the ampoule. Wait 1 minute for color development.

5. Use the appropriate comparator to determine the level of iron in the sample. If the color of the CHEMet ampoule is between two color standards, a concentration estimate can be made.

a. Place the CHEMet ampoule, flat end downward into the center tube of the low range comparator. Direct the top of the comparator up toward a source of bright light while viewing from the bottom. Rotate the comparator until the color standard below the CHEMet ampoule shows the closest match.
b. Hold the high range comparator in a nearly horizontal position while standing directly beneath a bright source of light. Place the CHEMet ampoule between the color standards moving it from left to right along the comparator until the best color match is found.
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Total Iron Procedure

1. Fill the sample cup to the 25 mL mark with the sample (fig 1).

2. Add 5 drops of A-6000 Activator Solution. Stir briefly. Wait 4 minutes.

3. After 4 minutes, stir the sample once again and then perform the Soluble Iron Procedure using this pretreated sample.
Test Method

The Iron CHEMets test method employs the phenanthroline chemistry. Ferrous iron reacts with 1, 10-phenanthroline to form an orange colored complex in direct proportion to the ferrous iron concentration. Total iron is determined by adding a mixture of thioglycolic acid and ammonia to the sample. This mixture dissolves most forms of particulate iron. Results are expressed in ppm (mg/Liter) Fe. Various metals will produce high test results. Certain forms of very insoluble iron (magnetite, ferrite, etc.) require the following digestion procedure in place of the Total Iron Procedure:
A. Fill a heat-resistant, class container to 25 mL with sample.

B. Add 5 drops of A-6000 Solution. Stir briefly.

C. Gently boil the sample to reduce volume to 10-15 mL.

D. Cool the sample and dilute to 25 mL with iron-free water

E. Perform the Soluble Iron Procedure using the pretreated sample.
8.2.5 Whatman pH Indicator Paper, Type CF, Cat. No. 2613991

General Method of Use
Dip the indicator strip into the liquit to be tested for a few seconds. Remove the strip from the test solution and compare the resultant colors with the color segments printed on the cover by holding the test strip adjacent to the nearest matching color to establish the pH of the test sample. If test solution is weakly buffered leave test strip in solution until color no longer changes.
3.2.6 3M Petrifilm E. coli/Coliform Count Plates
Inoculation

1. Place Petrifilm plate on level surface. Lift top film

2. With pipette perpendicular to Petrifilm plate, place 1 mL of sample onto center of bottom film.

3. Carefully ROLL top film down to avail entrapping air bubbles. Do NOT let top film drop.

4. With flat side down, place spreader on top of film over inoculum.
5. Gently apply pressure on spreader to distribute inoculum over circular area before gel is formed. Do not twist or side the spreader.

6. Lift spreader. Wait a minimum of one minute for gel to solidify.

7. Incubate plates for 24 hrs ± 2 hrs at 35°C ± 1°C with clear side up in stacks of no more than 20. It may be necessary to humidify incubator to minimize moisture loss.
8. Petrifilm plate can be counted on a standard colony counter or other illuminated magnifier. E. coli colonies can be identified as blue colonies with gas. Total coliform can be identified as red and blue colonies with gas.
9. Colonies may be isolated for further identification. Lift top film and pick the colony from the gel. 

8.3 Results
8.3.1 Flow Rate Results
	Spring Outflow
	
	Large Storage Tank Inflow

	Time (s)
	Volume (mL)
	Rate (L/s)
	
	Time (s)
	Volume (mL)
	Rate (L/s)

	3.88
	373
	0.0961
	
	6.15
	451
	0.0733

	4.00
	370
	0.0925
	
	6.25
	463
	0.0741

	3.73
	370
	0.0992
	
	6.23
	449
	0.0721

	4.10
	383
	0.0934
	
	6.24
	450
	0.0721

	4.45
	425
	0.0955
	
	6.17
	445
	0.0721

	3.74
	385
	0.1029
	
	6.21
	443
	0.0713

	4.10
	395
	0.0963
	
	6.33
	460
	0.0727

	3.93
	370
	0.0941
	
	6.17
	455
	0.0737

	3.48
	354
	0.1017
	
	6.28
	460
	0.0732

	3.90
	355
	0.0910
	
	6.30
	465
	0.0738

	4.15
	406
	0.0978
	
	Average:
	0.0729

	3.73
	370
	0.0992
	
	
	
	

	4.70
	413
	0.0879
	
	Filter 1 Outflow

	3.75
	391
	0.1043
	
	Time (s)
	Volume (mL)
	Rate (L/s)

	3.82
	385
	0.1008
	
	5.00
	455
	0.0910

	3.75
	340
	0.0907
	
	6.30
	480
	0.0762

	3.89
	391
	0.1005
	
	4.40
	360
	0.0818

	3.62
	360
	0.0994
	
	5.00
	395
	0.0790

	3.68
	370
	0.1005
	
	4.25
	330
	0.0776

	Average:
	0.0971
	
	Average:
	0.0811

	
	
	
	
	
	
	

	Filter 2 Outflow
	
	Filter 3 Outflow

	Time (s)
	Volume (mL)
	Rate (L/s)
	
	Time (s)
	Volume (mL)
	Rate (L/s)

	4.50
	357
	0.0793
	
	2.80
	290
	0.1036

	3.95
	352
	0.0891
	
	3.03
	308
	0.1017

	3.10
	254
	0.0819
	
	2.95
	285
	0.0966

	3.61
	301
	0.0834
	
	3.37
	375
	0.1113

	3.96
	325
	0.0821
	
	3.46
	358
	0.1035

	3.13
	260
	0.0831
	
	3.76
	385
	0.1024

	2.82
	240
	0.0851
	
	4.10
	415
	0.1012

	Average:
	0.0834
	
	4.40
	450
	0.1023

	
	
	
	
	4.28
	425
	0.0993

	
	
	
	
	Average:
	0.1024


8.3.2 Water Quality Test Results 

	pH Indicator Paper

	Sample Date
	Filter 1
	Filter 2
	Filter 3
	Ram Pump
	Spring Box

	4-Jan
	7
	7
	7
	7
	7

	7-Jan
	7
	7
	7
	7
	7


	Phosphate (ppm)

	Sample Date
	Filter 1
	Filter 2
	Filter 3
	Ram Pump
	Spring Box

	7-Jan
	0.7
	0.6
	0.7
	0.7
	0.7


	Total Iron (ppm)

	Sample Date
	Filter 1
	Filter 2
	Filter 3
	Ram Pump
	Spring Box

	4-Jan
	0.15
	0.0
	0.0
	0.0
	0.0


	3M Petrifilm E. coli/Coliform Count Plates (colonies coliform/mL)

	Sample Date
	Test
	Filter 1
	Filter 2
	Filter 3
	Ram Pump
	Spring Box
	Old Chorro
	New Chorro

	7-Jan
	A
	1
	0
	0
	54
	10
	 
	 

	 
	B
	2
	0
	0
	50
	7
	 
	 

	 
	C
	2
	0
	0
	54
	10
	 
	 

	 
	Average
	1.67
	0.00
	0.00
	52.67
	9.00
	 
	 

	 

	9-Jan*
	A
	1
	1
	0
	59
	 
	18
	1

	 
	B
	0
	0
	1
	44
	 
	18
	1

	 
	C
	1
	1
	0
	57
	 
	13
	0

	 
	Average
	0.67
	0.67
	0.33
	53.33
	 
	16.33
	0.67

	*a negative control was also tested, having results of 0 colonies in all 3 tests*

	 

	10-Jan**
	A
	8
	0
	0
	 
	 
	8
	1

	 
	B
	1
	1
	0
	 
	 
	8
	0

	 
	C
	0
	2
	0
	 
	 
	5
	0

	 
	Average
	3.00
	1.00
	0.00
	 
	 
	7.00
	0.33

	**potential power outage, samples may not have been maintained at 35 C**

	 

	12-Jan
	A
	1
	 
	 
	 
	 
	7
	0

	 
	B
	2
	 
	 
	 
	 
	3
	1

	 
	C
	1
	 
	 
	 
	 
	9
	0

	 
	Average
	1.33
	 
	 
	 
	 
	6.33
	0.33

	Zero E. Coli appeared at any point during testing


8.4 Significance of Results

8.4.1 Flow Rate
Filter 1 and Filter 2 are flowing at a slower rate than Filter 3, which may be affecting the filters’ ability to remove bacteria (see bacteria results significance). The efficiency between the spring box and the large storage tank is peculiarly high considering that an average ram pump has an efficiency close to 15 percent. However, this is most likely being affected by the build-up in pressure head at the middle storage tank, since the community has only been running the pump for 12 out of every 24 hours.
8.4.2 Turbidity
Since none of the water tested was ever turbid to the eye, it was deemed unnecessary to perform the actual tests when the results were known to be zero.

8.4.3 Phosphate
Federal law states that the maximum contaminant level (MCL) of phosphate in water in the United States is 5.0 mg/L. All results proved to be of multiple orders of magnitude less than this level, and therefore the phosphate levels in the system are safe.

8.4.4 Total Iron
All tests showed zero iron except for the first filter, which showed .15 ppm, a negligible amount well below the U.S. MCL of 0.3 mg/L.
8.4.5 pH
The pH at all testing sites was a neutral 7, neither acidic or basic and therefore safe to drink.
8.4.6 E. Coli
None of the tests showed E. Coli, which is good because it means that hopefully livestock is not being reared near the water system, and no sufficient E. Coli is contaminating the system from runoff. 

8.4.7 Total Coliform
As expected, the count of total colonies in the old chorro, ram pump and spring box were all high. This is consistent with previous data taken on other trips.
The new chorro showed significant improvement over the old chorro, however the results were not perfect enough to be deemed safe. It can be seen by the results from the three filters that Filter 3 is most effectively removing bacteria from the system, while Filter 2 is doing an okay job, and Filter 1 is not reliable. The exceptionally high data from testing of the sample from January 10th may be erroneous due to a potential power outage that occurred during the incubation period. If the incubated temperature of the Petrifilms did in fact vary to far below 35˚C, these results would not have been accurate. 
Upon removing the tops of the filters, it was seen that neither Filter 1 nor Filter 2 had formed a schmutzdecke. Filter 3 did have a film on top that may have been a schmutzdecke, although it was significantly greener in color than any schmutzdecke that has appeared in prototyping, appearing more like algae than a bacterial layer. It is possible that this potential schmutzdecke is what is causing Filter 3 to remove the bacteria more effectively than the other two filters. However, if it is in fact algae, it must be removed immediately and the system must be investigated for how this algae growth could have occurred without sunlight.

8.5 Future Efforts

In order to be able to fully identify if the filters are working as designed, further research in to how to test for the presence of a true schmutzdecke must occur.
On the upcoming trips, significantly more bacteria testing must occur to ensure that the data collected is free of outside errors, and to analyze if the system is working properly.

Since the 3M Petrifilm E. coli/Coliform Count Plates only test 1mL of water at a time, it is very difficult to acquire a sense of how the full volume of the system is operating without doing an extensive number of tests. For upcoming trips, testing involving the sampling and examining of larger volumes of water at a time would show more reliable bacterial test results.
1.0 Filter Analysis
1.1 Naming of Filters
Each of the filters was assigned a number, 1 through 3.  The filter closest to the large storage tank and community center is filter 1.  Filter 2 is the middle filter and filter 3 is the filter furthest from the large storage tank and closest to the clean churro (water spicket).  The number of each filter is written on each of the barrels.  This numbering system is used in describing the filters in this report.

1.2 Possible Formation of Schmutzdecke

As discussed earlier in this report, the system is not running as designed due to the community’s need to shut off the water flow to the RAM pump periodically.  This has a great impact on the filters.  In order for a schmutzdecke to form and grow, a constant inflow of water must be applied to the filters.  Without this constant flow that carries with it the oxygen needed by the schmutzdecke, the ability of a schmutzdecke to form is greatly hindered and unlikely.

Regardless however, filter 3 appeared to have a fully developed schmutzdecke layer.  A green, flakey crust coated the top layer of fine sand.  It is not certain whether this green crust was a schmutzdecke.  The texture and color of the apparent schmutzdecke greatly differed from the schmutzdecke formed in the prototype filters.  These schmutzdecke were dark brown in color and did not flake off the top layer of fine sand.

Filter 1 and filter 2 did not show any evidence of formation of a schmutzdecke.

1.3 Trouble Shooting Instructions

The main benefit of the slow sand filter is the simplicity of the design, making trouble shooting and maintenance easy to perform.  Only two problems may occur: a slowing outflow rate due to build up on the schmutzdecke and a rare potential for overflow due to non-atmospheric conditions.  Both of these problems can easily be fixed.

 Slowing outflow rate

Slowing outflow rates are determined by measuring the outflow from each filter.  Maintenance on the filters due to a slowing outflow rate will be necessary approximately every 1 to 3 months due to build up on the schmutzdecke layer.  The following steps should be taken:

1) Stop the inflow to the filters by turning the valve located above the large  

    storage tank perpendicular to the PVC pipe.

2) Unscrew the inflow piping to the barrel of the filter to disconnect the inflow  

    piping from the filter.  

3) Remove the lid of the barrel of the filter by unclasping the attachment ring. 

4) Remove the excess water with a cup.

5) Remove the top 3 to 5 centimeters of fine sand including the schmutzdecke.  


The sand should be collected and sun dried so that it may be re-used the next time the filters need maintenance.  A small piece of the schmutzdecke can be added back into the top layer of sand to speed up the formation of the schmutzdecke layer.

6) Flatten out the top sand layer.

7) Put back the top of the filter and clasp it shut.

8) Screw back on the inflow piping.

9) Apply flow to the filters by turning the valve located above the large storage 

    tank parallel to the PVC piping.

Overflow of water leaking from top of filters

Although rare, if the barrels of the filters are pressurized due to a clog in the air pipes, the water may leak from the top of the barrel of the filters.  Remove any obstruction in the air pipes of the filters to easily fix this problem.  

1.4 Future Experiments and Data Collection for Prototypes and On Site Filters
In order to compare results of the prototype filters with the on site filters, the hydraulic conductivity of the sand in the on site filters must be determined by a hydraulic conductivity test during a future trip. 

Due to the inconsistent inflow to the on site filters, experiments using the prototypes should be performed to test for the effects of this inconsistent flow on schmutzdecke formation and filtration efficiency.  Using one prototype as a control with constant flow, the experimental prototype will be given inconsistent flow equivalent to the flow experienced by the on site filters.  Any differences in filtration efficiency can be analyzed with periodic water quality testing.  Differences in the formation of a schmutzdecke layer will also be observed and analyzed.  

Health Surveys

Introduction

Previous El Salvador trips’ health surveys were modified from an open-ended question and answer format to a checklist and spreadsheet format.  This helps in the clarity of the results and provides more structure and organization to the actual conduction of the surveys.  The purpose of these surveys were to gather more base data on the health conditions of the community and to be used as a means of comparing previous trips’ results with current health conditions influenced by the water filters Tufts Engineers Without Borders put in place. However, the January 2008 surveys may be of more use as base data due to the fact that the community was primarily receiving water from the dirty faucet rather than the filtered one.  A total of twelve surveys were conducted among the families of Arada Vieja.

Methods
One student from Engineers without Borders conducted the surveys while another acted as a witness and recorded observations of the environment and the families.  Both were seated in front of the head(s) of households and informed the participants of the purpose of these surveys.  Proper IRB protocol was followed.  Participants signed the documents as well as the student conducting the surveys and the witness.  The students asked for permission to continue and to take pictures of the participant’s homes and/or family members.

General Observations
With permission from the participants and while the surveys were being conducted, general observations were taken.  

Participant Observations
Throughout the surveying process, most participants seemed comfortable and willing to share information.  However, the section on illness, when the participants’ children became sick, and how much school was missed from the illnesses, about three families physically expressed hesitations and sadness.  One of the households surveyed was not sure of what we were saying and may not have fully understood the questions asked of her.  At one house, the husband and wife sat through the survey and for all questions which were not related to illness of the family, the man answered.  Once the questions of the children’s illnesses were asked, the man stopped talking and the woman finished out the survey.  For all other households, the woman answered the majority of the questions and/or was the only one present to participate.

Almost every participant had gold or silver in their teeth.  Many of the children’s gums were enlarged and teeth were missing or rotting.  This was the same for the adults.  In one household, the children’s teeth were clean, white, and healthy (the father makes them brush their teeth everyday).

Housing Observations
All houses were either constructed of wood or tin.  Tin was used for roofing and the wood was primarily used for the walls.  Most houses were generally composed of three wood walls covered by the tin roof.  The walls were uneven so would not fully reach the roof.  Walls were also falling down or missing boards of wood.  All floors were dirt – hardened into clay.  Bedrooms of a couple houses had brick walls.  The absence of walls or lack of coverage provided an open air environment for the houses of Arada Vieja.

All houses had a stone, wood-fired stove.  The stoves were very close to the wood of the walls, but were all kept in locations outside of the main housing areas – not in bedrooms.  Three of the households kept their stoves in a separate “hut” type area from the rest of the house.  This was immediately off of the main part of the house, but had additional wood walls to keep it jutting off of the house and making a little room in the corner.  Food was left open by the stove, egg shells were often surrounding the stoves, and corn husks (and corn) were stored in many places around the houses, including the floor.

Three of the twelve houses we surveyed stored trash on the floor of their kitchen.  All of the households had trash (food, corn husks, wrappers, paper…) right outside of the house, surrounding the premises.  One of the houses trash was compiled in a very high pile beside their stove.

Near the stove/kitchen area, water jugs were stored.  The majority of water jugs in households were uncovered.  This left standing water open to the elements and bugs.  Water used for drinking was generally kept in covered jugs.

Majority of the houses had hammocks for leisure.  These were generally kept outside of the bedrooms.  Bedrooms varied in number and size.  One house had three bedrooms with two beds in each.  The beds were about twin sizes and took up the majority of the space in the room.  Another household had two bedrooms.  One of the bedrooms had four beds.  There was no walking space within the room.  The next bedroom had two beds with food stored and hung on the wall of the room (i.e. eggs, canned foods, bags of chips, fruit, and dishes).  Other houses consisted of only one large room.  This provided more space for leisure, storing, and sleeping.

Animals were a very large part of each household.  Every house had at least one chicken.  Animals found at the houses were chickens, roosters, chicks, dogs and puppies, cats and kittens, and turkeys.  The animals had no boundaries.  Only one house had a fence to keep her animals in.  However, the fence was neither strong nor effective.  It was just made of thin wire.  All other houses did not keep their animals in separate areas.  Animals wandered around the houses, inside the houses, and would leave fecal matter on the floor of the house.  The animals were often infested and were in direct contact with the families.  Households with infants kept their toys for the children on the floor.  Animals were in direct contact with these as well.

Latrines were located away from the houses by about 20 feet.  The majority of the latrines were elevated off of the ground and consisted of three brick walls, a tin roof, and a curtain to cover the front.  The latrines were two stone compost pots.  One was generally covered by a concrete slab or a bucket to keep people from using it.  After using toilet paper, it was to be thrown away in a bag usually located within the latrine area.  Three households did not have a latrine.  Two of these used neighbors’ latrines.  The other used the shrubs outside of their house.

Most of the community walked around barefoot within or around their houses, but when leaving their houses, they generally wore shoes.  When walking around barefoot, some stepped in fecal matter left from the animals.
Health Survey Results

We surveyed twelve households in the community.  Out of the twelve surveys, only two families reported that they had been born in Arada Vieja.  (We only surveyed parents or the heads of the household for information on the entire family.)  The ten families who reported having moved to Arada Vieja came from San Juan Opíco, San Esteban Caterina, Tacuba, Santa Rosa de Lima, and Tilobasco Cabaña.  The majority moved from Tacuba.  Below is a chart of the years in which families moved to Arada Vieja. 

	Number of People
	Year they Moved

	1
	1982

	1
	1988

	1
	1996

	3
	1997

	1
	1998

	1
	2001

	1
	2002

	1
	2006


The responses for why the survey participants moved to Arada Vieja included the following: because a sister lived in Arada Vieja and said it was pretty, because a father moved to Arada Vieja and brought his family, because where they previously lived there was no place to work with corn, because of the war, because a husband was employed by the cooperative, or because they didn’t have a house where they previously lived.  The main reason people gave for having moved to Arada Vieja was because it allowed them to be able to work with corn and produce tortillas, etc and that there was a cooperative in Arada Vieja.

The next question asked was “How many people live in your house?”  Answers ranged from 2 to 9 with four being the most common response (mode) and the median.

The following is a chart of how often community members experienced the sicknesses or symptoms listed.  This chart is only of the head of the family; in this case all the surveys were answered by women.  The answers are based on the past three months.  For instance, 5 people have had the flu once in the past 3 months, three people have had it twice, and 3 people have had it three times.

	Sickness
	
	Frequency

	
	Once
	Twice 
	Three times

	Fever
	2
	2
	2

	Diarrea
	2
	
	

	Flu (with the following symtpoms)
	5
	3
	3

	       Headache
	3
	2
	3

	       Runny Nose
	5
	3
	3

	       Sore throat
	3
	3
	3

	       Fever
	3
	2
	3

	Bronchitis
	2
	
	2

	Cough
	3
	
	3

	Constipation
	
	
	1

	Stomach Ache
	2
	
	3


As one can see based on the data in the chart, the most commonly experienced illness among the community members was the flu.  The majority of women respondents reported suffering all the symptoms listed when experiencing the flu (headache, runny nose, sore throat and fever).  The same trends were seen when the women were asked about the health of their children.  The children most commonly suffered from the flu and the majority experienced all four symptoms listed.

The next part of the survey asked about in which parts of the year these illnesses occur most frequently.  Of the twelve households surveyed, eleven participants said that May was one of the months in which they experience the flu the most frequently.  Two participants said April and May, and one participant said April.  January was another month that was cited with a high likeliness of flu.  November and December were also marked as months that flu was frequent, although January was still the most popular answer.  These answers were consistent when participants were asked in which parts of the year their children experience illnesses most frequently.  Participants again mentioned May and January as prime flu season.  In addition, six of the twelve participants said that the flu and the symptoms associated with the flu are most common when the climate changes (either from wet season to dry season, or from dry season to wet season).

The following is a chart of how participants treat wounds or sickness.

	
	For themselves
	For their children

	Visit the clinic in San Jose Villanueva
	7
	9

	Use household remedies
	7
	6

	Buy medicine in the pharmacy
	10
	9


Almost every participant said that they wouldn’t go to the clinic in San Jose Villanueva unless the sickness was grave and couldn’t be treated otherwise.  When asked what household remedies they use, participants gave the following: a plant called localito that is used for coughs and flu, a flower called chichipinzé that is made into a tea for stomach aches, a plant called hoja de golpe, bathing with manzanilla leaves, teas and syrups made of ginger, oregano, and making a syrup out of cinnamon.  When asked what types of medicines participants bought in the pharmacy, answers included: Panadol, Aspirin, Vitagripe (for the flu), Alka Seltzer, tetracycline, cough syrups, injections for fevers, dominales (for headaches), acetaminophen, antibiotics, Vicks, vitamins, saline solution, Toscamed (for cough) and drops for colic.  Most commonly, participants reported buying medicine for the flu, for fevers or for a cough.

When sick, five of the participants said they don’t miss days of working when they are sick.  The other seven participants said that in a year, they generally miss about a week of work.  The majority of participants said that they wouldn’t take off work unless they became very sick which was about once a year and lasts between 6 and 15 days.

When asked how many days of school their children miss each other due to sickness, four participants said that their children never miss school, five participants said that their children miss about one week of school a year and two participants said their children miss three days of school a month.  As with the parents, children tended to only miss school if they became very ill with the flu which happens about once per year.

Out of the twelve heads of household surveyed, only one had had dengue in the past year, and two other cases of dengue were identified among family members in the community.  The following is a chart of how many people use mosquito nets when they sleep.

	
	Adults
	Children

	Use mosquito net
	5
	5

	Do not use mosquito net
	7
	6


When asked about where they get their water for washing clothing and for bathing, every survey participant said they went to the river to do these activities.  For drinking and cooking, every participant said they got water from the faucet nearby.  Participants used between one and two containers to store their water for drinking and from one to five containers to store the water they used for cooking.  When asked if they used their ceramic water filters, 5 out of the 12 participants said yes.  5 participants said they did not have a ceramic water filter and 1 participant said that her filter broke two months ago.  Of those that do have ceramic water filters, everyone washes their filter.  One person washed her filter everyday, one person washed her filter every two days, two people washed their filters once a week, and two people washed their filters once a month.

When asked if they save water for drinking the future, 10 survey participants said no, and 2 survey participants said yes.  These two participants both stored their water in blue plastic jugs and said that they wash these containers.  

When asked how they stored their water that they don’t use for drinking purposes, participants mentioned the following containers: open buckets, big barrels with or without a lid, and the blue plastic jugs called cántarros. 

Analysis

Based on the data collected through these health surveys, we found that the flu and flu-like symptoms are the most common health issue in the community.  11 out of the 12 participants had suffered the flu at least once in the past three months.  Generally, the flu includes headaches, a runny nose, a sore throat and a fever for both adults and children.  Coughing, bronchitis and stomach aches are the next most frequent illness in the community.  Constipation and Diarrhea are the least frequently mentioned as having occurred in the past 3 months.

Other health problems mentioned that were not on the health checklist included: loss of appetite, trouble sleeping, easily angered and nervous, parasites, itching, back pain, ear aches, bone pain, heart attacks, arthritis, and trembling.

It is generally common knowledge to this community that when the seasons change, the flu occurs most frequently.  Most people say this happens in May and again in December or January.  To treat illnesses and wounds, community members buy medicines for the flu, fever or cough as well as use home remedies such as making a tea with leaves on a nearby tree.  Most community members only go to the clinic in San Jose Villanueva when their illness or wound is severe.  (However, they are more likely to go when it is their children who are ill.)

When children get the flu, it is likely for them to miss a whole week of school.  However this only happens about once a year.  When adults are ill, they do not take off work unless the illness is very severe and in this case, they take off anywhere from 6-15 days of work.

There was only one case of dengue in the survey participants but nearly half the survey respondents reported that they did not have mosquito nets for themselves or for their children.

When bathing or washing clothes, community members go to the river.  For drinking and cooking purposes, community members get their water from the faucet and keep it in buckets, water jugs, or barrels.  These containers are often uncovered.

Conclusion
Overall, the health surveys were easy to conduct and only took about 15 minutes.  Community members were very welcoming and shared their thoughts with us.  Some participants gave us very detailed answers whereas others simply answered the questions straightforward and moved on.  

Through the data gathered, it is clear that the flu is a chronic problem for this community.  Every time the season changes, people come down with flu-like symptoms that can last for up to a full week.  In addition, nearly half of the survey participants did not have mosquito nets although there was only 1 case of dengue among these participants.

Future Directions for Community Health

In terms of the survey itself, a few parts should be adjusted to be better understood by the community.  First of all, many of the participants did not understand “estreñimiento” or constipation.  I repeatedly had to explain what this was.  It would be better to pick a word that was more common for them so it wouldn’t feel we were on a higher, more educated level.  I think the same thing happened with the phrase “remedies caseros”.  I think some people didn’t know what this was so they immediately said no when asked if they used home remedies.  A different choice of words might make the data more complete because people will know exactly what we are asking.

It is very important to continue these health surveys in the future.  These same questions should be asked of the community to determine if the filters we installed are working at lowering adverse health effects due to contaminated/dirty water.  In addition, for future surveys, it should be determined beforehand from which faucet the participant is getting their water.  This is very important in analyzing the effectiveness of the filters.  

Future community health projects could include latrines (many people don’t have them or use a relative’s) and animal/human separation.  It would be ideal if the chickens and other animals were fenced in near the houses instead of free to roam around in and outside of the houses.  This would cut down on fecal matter being transferred into the house the cooking area.  This would also reduce early childhood infections because children would not be touching fecal matter with their bare feet.  Other community health projects could include workshops on contraception, sexuality, gender roles, self-esteem, nutrition, and child-rearing.
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Figure .2.  Permanent Lid Rebar Design





Figure .3.  Manhole Lid and Mini-Spring Box Rebar Design





Figure .3.  Permanent Lid Frame





Figure .5.  Mini-Spring Box Lid Frame





Figure .4.  Manhole Lid Frame
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